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1|Introduction    

In recent years, the world has faced numerous challenges in the field of health, which have had significant 

impacts on people's lives and global healthcare systems [1]. These challenges include pandemics such as 

coronavirus outbreaks, health crises resulting from natural disasters like earthquakes and floods, as well as 

issues related to uncertainty and inconsistency in health data, which complicate managerial decision-making 

[2]. 
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  Uncertainty refers to situations in which the available information for decision-making is incomplete, 

unstable, or variable [3]. In other words, under such circumstances, it is not possible to accurately predict 

future outcomes or the results of decisions [4]. On the other hand, inconsistent data refers to situations where 

the available information or evidence is contradictory, making it difficult to arrive at a precise and reliable 

decision [5]. 

Crisis management in such complex health scenarios is of particular importance, as optimizing decision-

making processes during large-scale and unprecedented emergencies can save lives and reduce financial and 

social losses [6]. One of the significant obstacles in health crisis management is the issue of uncertainty and 

data inconsistency [7]. During crises, health-related information is often imprecise and contradictory, which 

can severely hinder the decision-making process [8]. 

To address these challenges, the neutrosophic approach has been introduced as an innovative and effective 

method for managing uncertainty [9]. Neutrosophic logic, which is based on a three-valued reasoning system, 

facilitates analysis and decision-making in conditions marked by uncertainty [10]. This approach enables 

decision-makers to conduct more accurate evaluations and make more informed decisions under complex 

circumstances [11]. 

Previous research in the field of health crisis management has shown that relying on traditional and classical 

decision-making methods when dealing with uncertain and contradictory data can lead to inefficient and 

suboptimal outcomes [12]. Therefore, there is a growing need for modern approaches that offer greater 

flexibility in crises [13]. In this context, the application of neutrosophic logic as a novel tool in health crisis 

management may enhance the quality of decisions and the effectiveness of crisis response actions [14]. By 

accounting for all dimensions of uncertainty and data inconsistency, this logic enables more precise and 

appropriate decision-making [15]. 

The primary aim of this study is to examine and analyze the application of neutrosophic logic in the 

management of health crises. Given the numerous challenges associated with health crisis management, the 

need for innovative tools and scientific approaches to address these issues is more pressing than ever. This 

research seeks to design and propose an optimized decision-making framework based on the neutrosophic 

approach, which can assist decision-makers in crises to make better decisions by considering uncertainty and 

contradictions within the data. This framework is advantageous in scenarios where data is imprecise and 

contradictory, thereby facilitating the decision-making process [16]. 

A key issue in health crisis management is the identification of optimal decision-making methods under 

uncertain conditions [17].  In this regard, decision-making models based on expected values and probabilistic 

analysis can serve as valuable tools for decision-makers. These models allow crisis managers to make better-

informed decisions in ambiguous situations by accounting for risks and the likelihood of events [18]. 

Moreover, the neutrosophic approach can function as an effective tool in this context, providing more 

accurate analysis of complex data and contributing to more appropriate and effective decision-making [19]. 

Another important consideration is the use of Multi-Criteria Decision-Making (MCDM) methods. In health 

crisis management, multiple factors often need to be evaluated simultaneously, including risk, cost, benefit, 

and social impact of decisions [20]. MCDM techniques enable managers to comprehensively consider various 

dimensions and aspects, leading to more holistic and improved decision-making [21]. This approach is 

particularly essential in health crises, which are characterized by complexity and the need to evaluate multiple 

variables [22]. 

Cognitive biases represent another challenge that can negatively affect the decision-making process [23]. 

Biases such as confirmation bias and loss aversion may lead to flawed decisions [24]. To mitigate the effects 

of such biases, it is crucial to adopt rational, data-driven methodologies [25]. In addition, using probabilistic 

analyses and decision models based on expected values can help reduce cognitive biases and enhance the 

quality of decisions [26]. 
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  Sensitivity analysis is another quantitative technique that can be beneficial in health crisis management [27]. 

This analysis examines the relationship between input and output variables in a model and helps identify 

critical variables while quantifying uncertainties [28]. As a result, crisis managers can more effectively evaluate 

risks and make more informed decisions based on sensitivity analysis [29]. 

In Iran, as in other countries, health crisis management faces a range of challenges, especially evident during 

recent crises such as the COVID-19 pandemic [30]. These challenges include resource limitations, uncertainty 

in health data, and the need for rapid and efficient decision-making under crisis conditions [31]. The 

application of the neutrosophic approach can serve as an effective tool for improving decision-making 

processes and managing health crises in Iran [32]. By presenting a neutrosophic-based framework, this study 

aims to enhance the quality of health crisis management in Iran and offer solutions to overcome existing 

challenges in this domain. 

2|Methodology 

The research method employed in this study is descriptive-analytical. The primary objective is to examine and 

analyze the application of the neutrosophic model in managing health crises. This study focuses on decision-

making in health crisis contexts, which are often characterized by inaccurate, contradictory, and uncertain 

data. Accordingly, the neutrosophic model is introduced as a novel approach to decision-making under such 

conditions. 

The statistical population of this research consists of experts and managers in the field of health crisis 

management, including personnel from hospitals, health organizations, and institutions involved in managing 

health emergencies in Iran. These individuals, with practical experience in crisis management, contribute to 

optimized decision-making in this area. Specifically, the target population comprises 200 health crisis 

management professionals. A random sampling method is employed, from which a sample of 50 individuals 

with relevant experience in health crisis management is selected. The goal of sampling these participants is to 

gather data related to the neutrosophic model and evaluate its applicability in healthcare decision-making. 

The primary data collection instrument is a questionnaire specifically designed to assess the degrees of truth 

(T), falsity (F), and indeterminacy (I) of various decision options under different crisis conditions. This 

questionnaire includes a set of questions where neutrosophic values are calculated for each decision criterion 

associated with each alternative. 

To ensure the validity of the instrument, face validity and content validity are utilized and confirmed by 

subject-matter experts in health crisis management and neutrosophic decision-making. For assessing 

reliability, the Cronbach’s alpha method is used. The obtained Cronbach’s alpha coefficient is 0.84, indicating 

a high level of internal consistency among the items. As this value exceeds the commonly accepted threshold 

of 0.7, it can be concluded that the research instrument possesses acceptable reliability and the collected data 

demonstrates adequate coherence. 

The implementation process of the study follows these steps: 

I. Reviewing and analyzing theoretical foundations and prior research on health crisis management and the 

use of neutrosophic models in decision-making. 

II. Designing a questionnaire to measure neutrosophic values (T, F, I) for each decision alternative. 

III. Distributing the questionnaire and collecting data from experts and managers in the healthcare sector. 

IV. Applying the neutrosophic model to evaluate and select the most appropriate decision options under health 

crisis conditions. 

The neutrosophic decision-making model 
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  It represents an innovative framework for analysis and decision-making in environments marked by 

uncertainty and contradictory data. This model leverages neutrosophic logic to assess the status of various 

decision alternatives, facilitating more rational and practical outcomes. 

For each alternative Ai under each criterion Cj, the neutrosophic values are calculated as (Tij, Fij, Iij). In this 

model, each alternative Ai has a neutrosophic set represented as follows: 

 

where: 

I. Tij: Degree of truth for alternative Ai under criterion Cj 

II. Fij: Degree of falsity for alternative Ai under criterion Cj 

III. Iij: Degree of indeterminacy for alternative Ai under criterion Cj 

For each decision alternative Ai, the sum of the neutrosophic values should not exceed 1: 

Neutrosophic aggregation for decision-making 

For each alternative Ai, the values (Tij, Fij, Iij)  are aggregated in a weighted manner. These values are combined 

as follows: 

where: 

I. wj: weight of criterion Cj 

II. (Tij, Fij, Iij): Neutrosophic values for alternative Ai under criterion Cj 

The performance of each alternative is evaluated based on the combined neutrosophic values. A scoring 

function is used to assess the decision by comparing T and F: 

 

 

The alternative with the highest score is selected as the optimal choice. 

After collecting the data from the questionnaires, the neutrosophic values for each alternative and criterion 

are calculated. Subsequently, using the mathematical formulations of the neutrosophic model, the values of 

T (truth), F (falsity), and I (indeterminacy) are aggregated for each alternative. The final score for each 

alternative is computed, and the optimal options are selected for decision-making. 

This study explores the application of the neutrosophic model in the context of health crisis management. 

The scope of the research includes the utilization of this model to support healthcare decision-making under 

crisis conditions. The study is conducted in hospitals and healthcare organizations across Iran. 

3|Results 

To demonstrate the solution of a hypothetical scenario using the neutrosophic model and decision-making 

techniques, we present a step-by-step procedure including the decision matrix and the corresponding 

mathematical relationships. In this scenario, assume a healthcare organization aims to determine the best 

Tij +  Fij +  Iij ≤ 1, (1) 

Ai = (Tij, Fij, Iij).  (2) 

Ti = ∑ Tij, wj

m

j=1

,  (3) 

Fi − Ti = Score (Ai). (4) 
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  course of action in response to a health crisis (e.g., the outbreak of an infectious disease). Three alternatives 

are available: 

− Establishment of temporary hospitals 

− Implementation of the general quarantine 

− Enhancement of health education programs 

Step 1. Define the evaluation criteria 

The selected criteria for evaluating each alternative are: 

− Cost (C) 

− Social impact (S) 

− Time to implement (T) 

Step 2. Collection of neutrosophic data 

Given the conditions of uncertainty and contradictory data, the neutrosophic values—Truth (T), Falsity (F), 

and Indeterminacy (I)—are specified for each alternative under each criterion. These values are provided by 

a panel of decision-makers or subject-matter experts. The neutrosophic values (T, F, I) for each alternative 

with respect to each criterion are as follows: 

Table 1. Neutrosophic values for each alternative under each criterion. 

 

 

 

 

 

 

 

Step 3. Weighting the criteria 

The weights of the criteria are determined based on their relative importance in making decisions to manage 

the health crisis. Assume the weights are assigned as follows: 

Table. Criterion weights. 

 

 

 

Step 4. Calculating the aggregated neutrosophic values (Ti, Fi, Ii) for each alternative 

For each alternative Ai, the values (Ti, Fi, Ii)  are computed by summing the products of each criterion’s 

neutrosophic value with its corresponding weight. The results are presented in Table 3: 

Alternative Criterion Truth (T) Falsity (F) Indeterminacy (I) 

Action 1 Cost 0.6 0.3 0.1 
 Social impact 0.7 0.2 0.1 
 Implementation time 0.5 0.4 0.1 

Action 2 Cost 0.4 0.5 0.1 
 Social impact 0.6 0.3 0.1 
 Implementation time 0.3 0.6 0.1 

Action 3 Cost 0.5 0.4 0.1 
 Social impact 0.8 0.1 0.1 
 Implementation time 0.6 0.3 0.1 

Criterion  Weight 

Cost  0.4 

Social impact  0.3 

Implementation time  0.3 
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  Table 3. Aggregated neutrosophic values for each alternative. 

 

 

 

Step 5. Calculating the final score for each alternative 

The final score for each alternative is calculated using Eq. (4) The computed scores are shown in Table 4. 

Table 4. Final scores of alternatives. 

 

 

 

Step 6. Selection of the optimal alternative 

Based on the calculated final scores, the best alternative for addressing the health crisis is the one with the 

highest score. In this scenario, Action 3 (Enhancing health education programs), with a final score of 0.34, is 

identified as the optimal choice. 

The objective of this study was to evaluate various crisis management alternatives under conditions of 

uncertainty and contradictory data. Since such situations typically complicate decision-making processes—

due to the presence of incomplete, inconsistent, and uncertain information—the neutrosophic model 

successfully managed this complexity through its three core components: 1) truth, 2) falsity, and 3) 

indeterminacy. By applying this model, alternatives were scored based on the degree of truth, falsity, and 

uncertainty in the data, thus improving decision-making under crisis conditions. 

Action 1 (Establishing temporary hospitals) received a lower score due to its high resource requirements, 

elevated costs, and longer implementation time. These drawbacks rendered it a less suitable option for urgent 

health crises. The final score for this alternative was 0.30, lower than the other options. 

Action 2 (Implementing general quarantine) was ranked second, with a score of 0.04, due to its significant 

negative social and economic impacts in addition to high costs. This alternative was deemed less favorable 

because of the restrictive effects it imposes on society and the economy, which may lead to widespread 

discontent and disruptions. 

Action 3 (Enhancing health education programs), in contrast, was considered more appropriate for managing 

health crises under uncertainty due to its lower costs and long-term positive effects. Health education can 

effectively mitigate the impact of crises while reducing long-term costs. Consequently, this option received 

the highest score of 0.34 in the analysis. 

In comparison to traditional methods that typically rely on deterministic data, the neutrosophic model 

demonstrated its capability to effectively analyze uncertain and contradictory information and recommend 

more suitable alternatives. This contributes to increased accuracy and reliability in decision-making during 

health crises. Especially in this study, where data were marked by significant uncertainty and complexity, the 

neutrosophic model provided superior solutions. 

The neutrosophic model was thus recognized as an effective tool for managing health crises characterized by 

data inconsistency and uncertainty. Compared to conventional approaches, it was able to identify more 

optimal alternatives. Since Action 3 (Enhancing health education programs) achieved the highest score of 

0.34, it was selected as the most effective solution. This decision was based on its long-term positive impact 

and relatively lower costs, making it the most successful and efficient option for health crisis management. 

Alternative Truth (T) Falsity (F) Indeterminacy (I) 

Action 1 0.60 0.30 0.10 

Action 2 0.43 0.47 0.10 

Action 3 0.62 0.28 0.10 

Alternative Score 

Action 1 0.30 

Action 2 0.04 

Action 3 0.34 
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  Given the score of 0.30 for Action 1 and 0.04 for Action 2, the neutrosophic model effectively eliminated 

high-cost, resource-intensive, or socially detrimental options from the decision-making process. 

In conclusion, this study demonstrated that the neutrosophic model can significantly support decision-making 

under uncertainty, assisting health crisis managers in selecting optimal and effective interventions. 

4|Discussion 

The results of this study specifically highlight the potential of the neutrosophic model in managing health 

crises, particularly under conditions characterized by uncertainty and data contradictions. This section 

explores the significance of the findings in greater depth and compares them with results from other studies 

to identify key similarities and differences. 

The neutrosophic model, as an innovative decision-making approach, proves especially effective in crisis 

scenarios where data are incomplete, ambiguous, or contradictory. By incorporating three fundamental 

components—truth, falsity, and indeterminacy—into the analysis, the model offers a more comprehensive 

and precise evaluation of health crises. This enables decision-makers to assess situations even when accurate 

or complete data are unavailable. As a result, the neutrosophic model tends to yield more optimal alternatives 

compared to traditional decision-making methods, which typically rely solely on deterministic and reliable 

data, making them less effective in complex or unpredictable crises. 

In many previous studies on health crisis management, fuzzy and probabilistic models have been used to 

analyze data under uncertainty [33]. While these models can provide suitable decisions in the presence of 

incomplete or uncertain data, they often struggle with contradictory information and non-linear variables [34]. 

In contrast, the neutrosophic model, with its novel approach, not only addresses uncertainty but also accounts 

for conflicts and inconsistencies within the data, thereby supporting more comprehensive and accurate 

decision-making [35]. 

Furthermore, many studies—particularly those conducted in developed countries—emphasize the use of 

precise and up-to-date data [36]. However, in countries like Iran and other developing nations, health crises 

are frequently accompanied by incomplete and sometimes contradictory data, limiting the applicability of 

traditional models [37]. This study successfully addressed these limitations by applying the neutrosophic 

model, effectively analyzing uncertainty and suggesting more suitable management options. 

Compared to other decision-making models based on fuzzy logic or probability, the neutrosophic model can 

analyze uncertain and contradictory data with greater accuracy [13]. Most conventional models evaluate 

situations based only on reliable and validated information, which is rarely available in health crises [38] . This 

research demonstrates the superior capacity of the neutrosophic model to handle such complex data. A unique 

strength of this model is its explicit attention to contradictions, which is particularly advantageous in health 

emergencies where data are both limited and subject to rapid change, representing a strategic advantage. 

Like many prior studies, this research emphasizes that the use of MCDM tools, especially in crisis settings, 

can significantly aid in selecting more appropriate alternatives [39]. Despite its distinctive features, the 

neutrosophic model still follows the core principles of many multi-criteria analysis methods, especially in its 

use of decision matrices and evaluation of variable impacts [40]. 

From a practical perspective, this study shows that the neutrosophic model is especially valuable in health 

crises involving uncertain and contradictory data. It enables more precise decision-making, allowing health 

crisis managers to make better-informed choices based on a clearer understanding of the available data. This, 

in turn, can lead to improved health system performance and reduced crisis impact. 

Moreover, this model is particularly valuable for countries with limited resources and restricted access to 

accurate and reliable data during crises. Therefore, the findings of this study can serve as a practical framework 

for implementation in developing countries or regions frequently facing health-related emergencies. 
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  5|Conclusion 

In this study, the neutrosophic model was introduced as an innovative and effective approach for managing 

health crises under conditions of uncertainty and contradictory data. This model has proven particularly 

effective in scenarios where data are incomplete, conflicting, or uncertain, offering more optimal decision-

making outcomes. The findings clearly demonstrate that the neutrosophic model can serve as a powerful tool 

for analyzing and managing health crises, especially in developing countries and regions facing complex public 

health emergencies. 

The neutrosophic model, due to its unique ability to handle conflicting and uncertain data, contributes to 

more precise and efficient decision-making during health crises. By incorporating the three-valued logic of 

truth, falsity, and indeterminacy, the model can effectively process ambiguous and incomplete data, ultimately 

providing better alternatives for crisis management. As a result, it enables health crisis managers to make more 

informed decisions even when reliable data are lacking, thereby reducing the negative impacts of such crises. 

It is recommended that health crisis managers—particularly in countries facing complex health emergencies—

adopt the neutrosophic model for analysis and decision-making. This model is especially valuable for 

developing nations that may experience resource constraints and limited access to accurate data. One of the 

key challenges in applying the neutrosophic model is the presence of incomplete or unreliable data. Therefore, 

it is also recommended that efforts be made to improve the collection and maintenance of health data. 

Collecting accurate and reliable data can enhance the model’s performance and improve the overall decision-

making process. 

To facilitate the application of the neutrosophic model in health crisis management, it is suggested that 

specialized software tools be developed to help health crisis managers utilize this model efficiently and 

accurately. These tools can support data analysis and health crisis forecasting. Additionally, to ensure the 

optimal use of the neutrosophic model, training programs should be provided for management teams and 

healthcare experts so they become familiar with the model’s features and learn how to apply it in various 

crises effectively. 

This study examined only a portion of the potential of the neutrosophic model in health crisis management. 

Therefore, further research is recommended to explore the model’s application in other health crisis contexts 

and in different countries, to uncover its capabilities and identify areas for improvement fully. Moreover, in 

more complex scenarios, the neutrosophic model should be considered as part of a hybrid decision-making 

system, in combination with other models such as fuzzy or probabilistic approaches. Such integration could 

lead to more accurate and efficient analysis of health crises. 

In health crises, accurate risk analysis and sensitivity assessment of models are critically important. It is 

recommended that, in conjunction with the neutrosophic model, sensitivity analyses be conducted to examine 

how input variations influence final decisions and to simulate various risk scenarios more precisely. Based on 

these recommendations, it is expected that employing the neutrosophic model in health crisis management 

will not only enhance the decision-making process but ultimately contribute to reducing the impact of crises 

and improving public health outcomes. 
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