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The ongoing COVID-19 pandemic has manifold disastrous effect on different service and production sectors, and manufacturing industries are no exception. Emerging technologies (ETs) can play a pivotal role in reviving these ailing manufacturing industries. However, the cost of implementing and operating ETs is a prime concern. Nonetheless, the important attributes that will minimize the cost and harness the advantages of the technology are still to be explored. To address this gap, this research seeks to examine the critical attributes required for the effective and efficient deployment of ETs. At first, a detailed literature review was conducted to identify and sort the attributes influencing the effective use of ETs in manufacturing industries. After that, Fuzzy-TODIM (Portuguese abbreviation of “Interactive and Multi-Criteria Decision Making”) method was used to rate the importance of the attributes. The result reveals that, “Inventory and Resource Management” tops the attribute list responsible for exploiting the optimal usage ETs, followed by “Development of Skilled Workforce” and “Supplier and Service Management Capability,” respectively. This paper will assist industry professionals not only in using ETs but also getting the best yield from them strategically and practically.
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1 INTRODUCTION
SARS CoV-2 (COVID-19/coronavirus), which was discovered in late 2019 in Wuhan, China, has become a global menace (Lai et al., 2020; Ceban et al., 2022). Unlike the 1918 Spanish Flu, the coronavirus pandemic has disrupted global markets (tourism, airlines, and manufacturing) and degraded cultural standards (Fernandes 2020). Due to the scarcity of raw materials, delayed product delivery, and disrupted logistic networks, companies and suppliers are experiencing order suspensions and decline in performance, revenue, service quality, productivity, and other key performance indicators (KPIs). Therefore, there have been significant alterations in business practices and consumer expectations (Donthu and Gustafsson 2020).
Initially considered only as a health hazard, COVID-19 has wreaked havoc on the global economy, commerce, and financial markets, with a potential economic effect of 2–4 trillion USD (Benedict 2020). For instance, 980 million pcs of orders worth about 3.17 billion US dollars have been canceled affecting around 2.27 million workers in the readymade garments (RMG) sector of Bangladesh (CNN 2020). Furthermore, other problems related to lack of commodities, failure to source products in a face-to-face exchange framework, and significant disparity between the quantity of materials accessible and their demand have risen from the crisis arisen from COVID-19 (Farrell et al., 2020). Because of the substantial drop in manufacturing feasibility, industry professionals and researchers are investigating and assessing various means to revitalize the sector’s sustainability policies. In 2021, many industries across the globe restarted the supply chain operations to mitigate the ongoing economic crisis by COVID-19 pandemic. However, recovery strategies have not yielded expected results, while industries have found it difficult to bounce back from looming extinction (Tang et al., 2021). Some researchers have suggested that post-COVID recovery may be aided by adopting emerging technologies (ETs) (Moradlou et al., 2022), as well as sustainable and resilient infrastructure (Zenghelis 2021).
The COVID-19 pandemic underlined the significance of ETs and digitalization, which can facilitate supply, production, and order via digital platforms to consumers and build institutionalized consumers. As a result, manufacturers have started to recognize the need for Industry 4.0 technologies, such as Internet of Things (IoT), block-chain technology, cyber-physical systems (CPS), cloud computing, cognitive computing, and RFID (radio frequency identification). All these technologies offer Localization-Agility-Digitization (LAD) insights in responding to industry trends or emerging consumer needs, visibility, accountability, confidentiality, real-time data, intelligent contracts, and sustainability (Bharadwaj et al., 2013; Cirera et al., 2021; Nandi et al., 2021). There has been a lot of progress made in the potential application of ETs across several industries, for example, application of IoT in facility and manufacturing process modeling as well as in reshaping and decentralizing industries, use of artificial intelligence techniques in business innovation, and optimizing the financing of ETs in industries, among others (Attaran and Gunasekaran 2019; Lee et al., 2019; Maganga and Taifa 2022). In addition, there are studies about how and where ETs can be used in industries (Zabel and Telkmann 2021; Mi et al., 2022; Zeng et al., 2022). However, the COVID-19 pandemic calls for more than just using ETs. Instead, amid the disrupted supply chain and production system during this pandemic, industrial managers must become more cost-efficient and resilient about using ETs for sustainable recovery of manufacturing industries. However, the efficient use of ETs is characterized by several key attributes. Therefore, it is crucial to recognize and evaluate the attributes. Quantitative evaluation of these attributes for manufacturing industries in the context of COVID-19 pandemic is a grand challenge. This study aims to deal with such a grand challenge and poses the following research questions.
RQ1: What are the possible attributes that characterize the use of ETs for sustainable recovery of manufacturing industries in the context of COVID-19 Pandemic?
RQ2: How can industrial managers evaluate the benefits and cost of using ETs for sustainable recovery of manufacturing industries?To answer the above research questions, this work deploys fuzzy-TODIM (an acronym in Portuguese for Interactive and Multicriteria Decision Making) to rank the attributes that are more coherent for enhancing the benefits and minimizing the cost of using ETs for the sustainable recovery of manufacturing industries. Additionally, this study examines the relationship between the problems arising from the COVID-19 pandemic, and therefore draws a comprehensive outlook to prioritize the attributes of ETs for seamless adoption of them in manufacturing industries.The rest of the paper is structured as follows: Section 2 discusses the related literature. Section 3 illustrates the proposed methods. Section 4 provides findings with theoretical and empirical implications. Section 5 concludes this paper.
2 LITERATURE REVIEW
This section discusses emerging technology (ET) for sustainability, their attributes, and the contributions of this study.
2.1 COVID-19 and emerging technology for sustainability
Since 2019, the global business has been disrupted by a novel virus called COVID-19 (Ivanov and Dolgui 2020; Hald and Coslugeanu 2021). COVID-19 has thrown up multiple threats by simultaneously affecting the global workforce, economy, and health care. Because sustainability (“development that satisfies the demands of the present generation without compromising the capacity of future generations to satisfy their own needs”) is a process that occurs over extended periods of time, it requires more awareness and planning by industry leaders (Curren 2011). In addition to this, the COVID-19 epidemic has shown how the three aspects (economic, social, and environmental) of sustainability are intertwined (Sarkis 2021). New social sustainability standards are introduced when people’s lifestyles change, for example, work-from-home policy and less in-person encounters, due to a greater social distance. Even though social and economic sustainability problems are addressed in this article, the major discussion here will focus on emerging technology along with sustainability.
Emerging technologies (ETs) refer to scientific breakthroughs that have the potential to start a new sector or alter an existing one (Srinivasan 2008). There is a widespread view that new technology is a tool for addressing the key problems of the twenty-first century (Groen and Walsh 2013). New technological advances that have been introduced in recent years include computational sciences (Zhao et al., 2020a), nanotechnology (Patel and Pathak 2021), micro-electromechanical systems (MEMS) (Le et al., 2021), biofuels (Patel et al., 2020), mobile technologies (Leu et al., 2011), and a myriad of other advancements. ETs may encompass a number of things like artificial intelligence (AI) (Haenlein et al., 2019; Yan et al., 2021), 3D printing (Yazdi et al., 2016; Wadher et al., 2021), IoT (Zhao et al., 2020b; Pradhan and Chawla 2020) and others. Some researchers considered Big Data Analytics as an emerging technology (Kend and Nguyen 2020). The applications of ETs, which have been highlighted in the prior paragraphs, may be found everywhere in the manufacturing, healthcare, communication, and information processing sectors. There is yet to be sufficient knowledge of their consequences for business, policy, environmental, ethical, and social concerns (Groen and Walsh 2013).
One problem is that certain advances in technology may undermine the pursuit of long-term, sustainable development efforts (Cao et al., 2021). While the use of new and emerging technologies may accelerate progress toward sustainability, it can also disrupt markets and economies, aggravate social divisions, and pose moral issues (Qiu et al., 2021). Because the field of sustainability research is still not properly defined, developed, or applied, many businesses in developing economies today lack the knowledge needed to successfully adopt and adapt sustainable strategies (Luthra et al., 2017). The foregoing remarks demonstrate a strong necessity to address sustainability to create balance and provide emerging countries the possibilities for long-term growth. The issue of safety, cleanliness, and sustainability is becoming bigger concerns in the industrial sectors, where Covid 19 has significant effects in various sectors. In order to successfully face the current situation, emerging technologies may be useful (Sigov et al., 2022).
2.2 Proposed attributes
COVID-19 has manifold impacts on different sectors of the manufacturing industries. However, hygiene, safety, and sustainability are of major concern. ETs can undoubtedly help to address the current challenges effectively and efficiently. Li et al. (2022) have found in their study that product shortage, which causes customer dissatisfaction and extra cost, can be avoided by applying ET. Krammer et al. (2018) have also concluded that technology can be used to build a multi skilled workforce leading to enhanced competency to get strategic fit amid pandemic. Likewise, Bakalis et al. (2020) have observed that the online wing of many businesses experienced significant boom during the pandemic, which created ample job opportunity and swelled company profits. Ahmad and Zhang (2020) have found that using new forecasting methods, companies may better use inventory and avoid over- or under-stocking. ET has also enabled a better interface that allows a real time upgrade and flawless communication (Buhalis et al., 2019). According to Zafar et al. (2019), the use of many green technology innovations can help achieve sustainable use of natural resources. Reliable and secure management system based on the “latest tracking technology’ is a vital component to overcome complexity of systems and reduce emissions, effluents, and waste of manufacturing life cycle. Cherrafi et al. (2018) conclude that green supplier development (GSD) achieved by different implementation of technology is important in the green supply chain management activity. Furthermore, Demekas (2018) submit that interdepartmental integration can be achieved through modern technology. In healthcare, IT-based communication can be combined with safety practices to maintain employee safety and hygiene (Tamers et al., 2020).
The aforesaid conditions imply the necessity of selecting a subset of crucial attributes that are both pertinent to the COVID-19 pandemic and have a significant effect to glean the essential features needed for the successful deployment of emerging technologies. To identify the critical attributes that can maximize the benefit and reduce the cost of adopting ETs towards sustainable recovery, this study has reviewed the published literature and taken experts’ opinion. For identifying the critical attributes, a literature review was conducted utilizing many key terms: “using emerging technologies for sustainable recovery” or “emerging technologies for manufacturing industries” and “sustainability drivers assessment following COVID-19” or “possible attributes of emerging technology” or “impacts/effects of COVID-19 outbreak on sustainability and sustainable developments” or “effective deployment of ETs.” For this literature search, Google scholar and the Scopus database were used between the years 2018 and 2022. Moreover, systematic literature search (SLS) has been done to aid in the identification of the factors. The inclusion and exclusion criteria for SLS technique are presented in the Table 1.
TABLE 1 | Criteria followed in SLS technique.
[image: Table 1]Finally, based on the existing literature and expert opinions, twelve critical attributes of ETs have been selected. Among the twelve attributes, ten attributes are found from literature and two are found from expert opinion. The experts have been selected with diverse knowledge in advanced technology and manufacturing processes. They suggested a couple of attributes that have recently gained attention to local industrial practices. They recommend for better environmental-friendly product life management techniques since technological advances in product lifespan and disposal not only make production sustainable but also reduce production costs in the long run. Experts have also recommended enhancing the supply chain’s economic structure by expanding supply chain finance, which allows businesses to automatically optimize the whole systems to boost efficiency. Table 2 presents the selected attributes identified in the context of the COVID-19 pandemic.
TABLE 2 | Selected attributes and their descriptions.
[image: Table 2]2.3 Existing methods and contributions of our study
It is quite helpful to use Multi-criteria Decision-making Method (MCDM) and Multi-attribute Decision-making (MADM) techniques while formulating and choosing strategies. Considering impartial data may provide individuals with additional knowledge, allowing them to make better choices. Taking impartial information into consideration during the decision-making process clearly affects the outcome (Abdel-Basset et al., 2020). A similar issue may be observed in the problem of supplier selection: fuzzy Analytic Hierarchal Process (AHP) (Ho et al., 2021), fuzzy Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) (Kannan et al., 2014), fuzzy Adaptive Resonance Theory (ART) algorithm (Sivanagaraju et al., 2021), fuzzy Vise Kriterijumsa Optimizacija I Kompromisno Resenje (VIKOR) (Bahadori et al., 2020) and fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL) (Nasrollahi et al., 2021). The important things to bear in mind with regard to creating decisions are the components of alternative sets, attribute sets, decision-making matrix, and attribute weights. In this study authors have focused on some important attributes that can improve the benefits and reduce the cost of using ETs for sustainable recovery in the manufacturing industries. This problem is a MADM due to the presence of many attributes as well as unpredictability. Thus, the authors in this study have used a unique fuzzy-TODIM hybrid method for the evaluation of the given attributes.
The contributions of this research can be summarized as follows. Firstly, some attributes for improving the benefits and minimizing the cost of using ETs for the sustainable recovery of manufacturing industries were identified through an extensive literature review. Next, authors incorporated some evaluation criteria in the process to define the weight of each attribute, which made the weight of various characteristics more reasonable. Additionally, many strategies have been developed for dealing with MCDM and MADM issues. One of the newest techniques for this purpose is the TODIM strategy, which ranks the choices by means of paired comparisons (Mahdiraji et al., 2020). In addition, the authors sought to add the capabilities to consider all potential rule interactions in the MADM process by extending the TODIM technique to include a fuzzy environment. Furthermore, the authors put forward an enhanced technique of computing to rank characteristics inside a fuzzy framework. In this research, a fuzzy-TODIM hybrid technique was used and made accessible for evaluating the provided attributes.
3 METHODS
3.1 Process of fuzzy-TODIM
The ambiguity in the original TODIM was added to overcome the repercussions of bias and prejudice in the ranking of alternatives. The linguistic variables of the attribute values were represented by triangular fuzzy numbers. With these ambiguous statistics and the idea of the TODIM method, the gains and losses of each alternative were compared to each other. The overall value of each option was then calculated by comparing each alternative’s dominance rate to that of the other alternatives. Therefore, the proposed fuzzy-TODIM method is described in the following (Tosun and Akyüz 2015; Zhang et al., 2022):
Step 1. Expression of the linguistic factors
Step 2. Assessment of the criteria and options
Step 3. Defuzzification of the fuzzy criteria weights
Step 4. Determination of gains and losses
Step 5. Calculation of the relative weight of each criterion based on the reference criterion
Step 6. Construction of the dominance degree matrix for every criterion
Step 7. Determination of the total dominance degree matrix
Step 8. Determination of the total value of each alternative and mark the alternativesThe summary is depicted in Figure 1.
[image: Figure 1]FIGURE 1 | Steps of the Fuzzy-TODIM Framework.
3.2 Samples and data
With a view to selecting the best fit attributes based on the experience of experts, a questionnaire was prepared containing relative information (extracted from the literature assessment) and sent to industry experts and researchers. The sampling of the experts was done based on relevant manufacturing industries to fulfil purposive sampling, where ET is already in application or about to start. The experts were also chosen based on different manufacturing industry category-small, medium, and heavy, consisting of both mature and ET. The experts also had hands-on experience in shielding their industry against the impact of COVID-19 by taking prompt measure for scaling up the usage of ET. The most impactful attributes (Table 2) were extracted from the responses of the 160 (47%) respondents (Table 3) out of the 340 experts contacted.
TABLE 3 | List of respondents for the selection of attributes.
[image: Table 3]Again, another extensive literature revealed the suitable criteria against which the attributes were evaluated accordingly. A team was formed consisting of four (4) experienced people ranging from managing director to CEO to confirm the selection and weight of the criteria extracted from the literature review. The criteria included: K1- Cost, K2-Viability of Technology, K3-Time Span, K4-Alignment with Company Goal, K5-Political Aspect, K6-Geographical Position, and K7-Demographical Aspect (Davies et al., 2021; Dubey et al., 2021; Gupta et al., 2021; Qyyum et al., 2021).
After the validation of the attributes and criteria, the decision makers were asked to complete the questionnaires as part of the quantitative evaluation process. Selective alternatives were given a triangular fuzzy number representation to facilitate decision-making, which were defuzzied afterwards during result processing.
An expert team (Table 4) of seven (7) members from diverse backgrounds and with sound knowledge on emerging trends and manufacturing industry were formed with a view to giving quantitative input on the attributes. The points of view and opinions of these experts were taken into account while executing Step 2.
TABLE 4 | Information about the expert team for assessing the criteria.
[image: Table 4]4 FINDINGS
After evaluating each attribute against every criterion using the triangular fuzzy numbers, gain and loss matrices for all single criteria are calculated using Step 3 and Step 4. The optimism index (α) in this study is set to 0.5 to provide a middle ground between the extremes of optimism and pessimism. Aggregate fuzzy weights of the criteria depicted in Table 5 are defuzzied and homogenized using Step 2 and Step 3 along with the information shown in Table 6. Step 5 is used to determine the relative weights.
TABLE 5 | Aggregated fuzzy weights of the criteria (Tosun and Akyüz 2015).
[image: Table 5]TABLE 6 | Fuzzy numbers for the corresponding linguistic variables (Roghanian and Alipour 2014).
[image: Table 6]Gain and loss of the attributes, and their associated dominance matrices are constructed using Step 6, and then the overall dominance matrix is formed (Table 7) using Step 7. Furthermore, application of Step 8 and the information from Table 7 gives the overall total weightage, hence the ranking of the attributes is evaluated accordingly (Table 8).
TABLE 7 | Overall dominance matrix.
[image: Table 7]TABLE 8 | Overall total weightage and ranking of attributes.
[image: Table 8]The result shows that attribute A11 (Inventory and resource management) is the most important one followed by attribute A8 (Development of skilled workforce) and A2 (Supplier and service management capability). These attributes (A11, A8, and A2) exhibit large weights and should be addressed immediately and with outmost concern. These attributes are ranked with θ taken as 1 and their values are evaluated to account for losses included in the global value with their respective real values.
To observe the sensitivity and effect of parameter θ, the value of this parameter is changed from 1 to 5, which is an acceptable value range for this actuation factor (Tosun and Akyüz 2015). The result for changing the parameter θ is given below in Table 9.
TABLE 9 | Ranking of attributes with different values of θ.
[image: Table 9]From the Table 9, it can be observed that attribute A11 is always ranked highest. For θ =2, both A11 and A8 share the same importance. For θ =4, A3 is replaced by A12, only where the first phase of attributes with higher priority gets changed. However, for the other values of θ, the first five attributes remain unchanged though their order varies. Hence, the robustness of the model is ensured.
4.1 Discussion of the findings
After applying the fuzzy-TODIM technique based on the fuzzy input from the experts, the necessary attributes are ranked to find out the crucial attributes required to maximize the benefit and minimize the cost of ET amid this pandemic with respect to the coherent criteria. The criteria with relatively high importance are discussed as follows.
The first attribute with the highest importance is “inventory and resource management” (A11). Inventory plays a crucial role as ET is mostly used to estimate and maintain proper level of inventory-which is essential during the disruptive production situation experienced during the pandemic. An optimum level of inventory along with adequate resource helps to ensure responsiveness and reduces cost significantly. This explains the ranking of this attribute as the most important for the efficient deployment of ETs (Ferrari et al., 2021).
Attribute “development of skilled workforce” (A8) is the next most important attribute. Obviously, the ultimate success of applying technology largely depends on how zealous and technically sound the workforce is. During the covid time, many workers were laid off due to factory closure and disruption in supply chains. Since then, manufacturing industries have prioritized skill development. If the personnel are devoid of proper knowledge, deploying new technology may not yield the desired result. So, skilled workforce is a must for maximizing the yield from ET (Huy et al., 2021).
The third-ranked attribute is “supplier and service management capability” (A2). Emerging technology like AI, big data, and block chain are mainly used to connect and synchronize different branches of business. And these technologies are mostly used to link the complex network of suppliers with service management. The more flexible this link, the better the efficiency. Therefore, the capability of the service management to connect to the supplier service is essential for the success of deploying technology (Li et al., 2021).
“Sustainable usage of natural resources” (A5) is the fourth most important attribute. This pandemic makes the researcher and business-expert feel the necessity of making the efficient and just use of scarce resources. The drying up/disruption in the supply of resources due to the pandemic has created an avenue for the deployment of Big Data and other ETs for the exact utilization of natural resources in the case of urgency. It also allows new technologies to be put to more efficient and effective use (Jhariya et al., 2021).
Next in rank is the attribute “demand management and forecasting” (A3). One of the most prominent applications of ETs and data science is in demand management. Better demand management technique and greater investment in this field to forecast the unforeseen will certainly have impact on the overall efficiency of the usage of ET especially with the uncertainty associated with the COVID-19 pandemic (Hörcher et al., 2021).
“Ensuring hygiene and safety of employees” (A12) comes next in the descending order of importance of the attributes. During this pandemic, safety and hygiene of workers and technicians are a global concern. A lot of machines and interfaces need to be run by professionals for the smooth function of the applied technology. Accordingly, a safe and hygienic way of operating the technology is very essential to maximize its benefits (Laciok et al., 2021).
4.2 Implications
4.2.1 Theoretical implications
The current research has systematically and methodically identified the significant attributes for enabling the use of ET for the recovery of the manufacturing industry. The closely related research articles examined mainly discuss the implementation of ETs. However, in our work, we have explored the critical attributes required for the adoption of ETs for the recovery of the manufacturing sector. Here, have employed a fuzzy-TODIM procedure with based on wide-ranging literature review and real-life experiences of experts. Therefore, our research outcomes are efficient and compatible with implementation stage. Fuzzy-TODIM is used for the robust intake of the inputs from the experts comparing. Therefore, this research has three-faceted contributions. These include identification of the essential attributes for maximizing the benefits of ETs for rapid recovery of the manufacturing industry. In addition, we have marked out the criteria based on which the attributes will be determined by the help of the blended essence of subject expertise and field experience. The last one ranks the attributes with their corresponding importance value. Admittedly, maximizing the benefit of emerging technology is resource-heavy and encounters several challenges like financial capability, design constraints, skilled workforce, viability of implementation etc. Hence, it requires a careful consideration of all attributes from all possible aspects for the successful implementation of emerging technology, which will help to accelerate the recovery of the manufacturing industry from the challenges of the pandemic.
4.2.2 Practical implications
This research has addressed the need for a strategic analysis model to assist management in evaluating several alternatives for tailoring a policy pathway. This pathway will yield the desired beneficial output by employing ETs in terms of cost and associated features. COVID-19 has resulted in drastic shifts in the way companies and customers function. Getting past this pandemic, industries are bound to come up against the business climate not favorable as it was before the epidemic. Costing and incorporating of the recent technological norms have been thwarting the professionals since then. This research may help the management to acknowledge the difficulty in incorporating the current practice of emerging technologies in the manufacturing industry along with their behavioral aspects to confront the harm wrought by COVID-19.
Implementation of certain technology need careful consideration of circumstances; therefore, management may utilize the ranking of attributes and analyze the components to determine which attribute should to be adopted first. This research comes up with a method to aid in this process considering cost, feasibility, maturity of technology, regulations etc. Firstly, we have identified different attributes, such as “supplier and service management capability,” “inventory and resource management,” “demand management and forecasting,” etc. among many others. Our results show that “inventory and resource management” (A11) is the most important attribute that can facilitate the deployment of ET for rapid and efficient recovery of manufacturing industry. The managers, therefore, should carefully monitor the overall inventory structure, work-in-process system, finance regarding warehouse, and resource management. Controlling these factors regarding resource and inventory will reduce the cost and pave the way for better implementation of recent technology to tackle the pandemic effect.
“Development of skilled workforce” (A8) ranks as the second most important attribute it has always been a prime factor for ensuring the overall development of an industry. Managers must investigate the development and learning progress of their respective workforce along with their learning curve for the new and ongoing technological trends. It is, indeed, a crucial attribute to combat the challenges of COVID-19. Thirdly, managers should have a focus on “supplier and service management capability” (A2). A strong backend connection based on reliable supplier connection and service channel may handle any form of disruption caused by both internal and external factors. In short, this research will not only help the managers in selecting the attributes but also with the priority list-to focus on which attributes should be deployed in the first stage.
5 CONCLUSION
This research aimed to evaluate the critical attributes required for the effective and efficient deployment of ETs. Thus, Fuzzy-TODIM (Portuguese abbreviation of “Interactive and Multi-Criteria Decision Making”) method was effectively used to evaluate the importance of the attributes. The result reveals that “Inventory and Resource Management” is the most significant attribute for exploiting the optimal usage ETs. Industrial managers are expected to put their efforts in inventory and resource management policies for optimal use of ETs in the manufacturing industry.
This research has some limitations, which offers windows for future research. First, the analysis performed in this study was carried out based on manufacturing industries only. Other industrial sectors like food, healthcare, agricultural, mining etc. can be examined in future by using similar approach. Second, the inputs used in the research were the opinions of experts. Therefore, there might be some element of human biases in our results. To convey the uncertainty of decision information produced from subjective judgments and to increase the ability to rank alternatives, the suggested decision-making framework may be examined under the intuitionistic fuzzy environment and hybrid models like neutrosophic TODIM (Pramanik and Mallick 2019), Pythagorean fuzzy TODIM (Ren et al., 2016) approach as future work.
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