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Abstract

:

In terms of uncertain business conditions, the ability of an enterprise to bounce back after severe disruptions, or simply resilience, may be seen as one of the major features needed to sustain successful business operations. This research has the objective of proposing an algorithm for the organizational resilience assessment in industrial companies and conducting an analysis of the relationship between the organizational Resilience Factors and Key Performance Indicators recovery times. As the variables that are an integral part of the research are exposed to a high degree of uncertainty, they are modeled using fuzzy set theory. The methodology used for the research is an enhanced fuzzy Delphi, where the fuzzy geometric mean is employed as an aggregation operator. The relationship between the organizational resilience factors and Key Performance Indicators’ recovery time is based on the correlation analysis. The proposed model is based on real data from one complex industrial enterprise. The main finding of the research is that calculations indicate a significant negative correlation between treated variables.
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1. Introduction


Over the previous decades, resilience-scoped research has been conducted from different perspectives: Resistance and recovery, adaptation, and anticipation [1]. Also, as research interest has grown over the years, there is little consensus about what resilience means or how it is designed [2]. During a period of stable business conditions, organizational performance indices do not have significant oscillations. On the other hand, if severe disruptions occur, a sudden drop in performance might happen [3]. In practice, performances such as quality, cost, productivity, innovativeness, time, etc. need to be managed by companies [4] to make their business activities successful. As performance represents a complex variable, in practice it is measured and managed through Key Performance Indicators (KPIs) [5]. Common sense implies that more resilient organizations will recover their performance faster compared to those that are not so resilient.



It may be assumed that organizational resilience models are complex, which implies that their evaluation cannot be performed directly; assessment models that rely on the judgments of decision-makers could be applied. This assumption is important since many management problems demand this approach to assessment, which induces a certain degree of uncertainty.



The motivation for this research stems from the various uncertainties of the above-mentioned business context. Companies can be affected by various factors such as competition, changes in the market, political instability, and natural disasters. COVID-19 has shown how quickly an uncertain situation can develop and how companies must respond.



Uncertainties for companies have been omnipresent not only since pandemics, unstable geopolitical situations, or endangered supply chains. Entrepreneurial resilience is therefore seen as an important capability for companies to cope with these very changes and crises [6]. In a rapidly changing world, it is thus crucial that companies be resilient as a precondition for success. Therefore, both uncertainty and resilience are closely related concepts that are of significant importance to companies. As organizational resilience models, as well as business processes, are complex in nature, their evaluation cannot be performed directly. This implies that they require evaluation models based on the judgments of decision-makers. This feature is important because, in a variety of management problems, it is not possible to directly measure the variables of interest. This is because those variables are subject to a certain degree of uncertainty. At the same time, it is closer to human thinking to use linguistic variables for assessment. Different mathematical theories support the quantitative description of linguistic expressions [7]. Many mathematical theories support modeling linguistic expressions in a quantitative way. The theory of fuzzy sets [7,8] is used in many research areas to describe uncertainty quantitatively.



The fuzzy Delphi method will be used to assess the organizational resilience of the company. Here, the decision-making method is based on a consensus of expert opinions and uncertain information on a particular topic or issue. The overall objective of this research is the analysis of the dependency between organizational resilience factors (RFs) and KPIs’ recovery times. To achieve the defined research goal, organizational resilience should be assessed as well as the recovery time of KPIs in the treated company.



Furthermore, the following chapters are organized as follows: Section 2 provides an overview of the relevant literature. Section 3 presents the proposed model. Section 4 presents the case study in a corporate context, and Section 5 provides a critical discussion and conclusion.




2. Literature Review


The literature supports the use of type one fuzzy sets for modeling existing uncertainties [9,10]. Type one fuzzy sets are used for the research. The features of type one fuzzy sets are the triangular membership function, granulation, and domain. The granulation is often chosen in accordance with the nature of the problem being solved. The domain might be chosen according to the DM assessment or following the literature guidelines [11].



A significant number of scholars support the application of type one fuzzy sets since they provide a solid base for calculations embracing uncertainties with a reasonable number of mathematical operations.



Considering all the issues raised, methods such as Delphi with type one fuzzy sets are used to solve fuzzy group decision-making problems [12,13]. The aggregation of DMs’ opinions into unique opinions can be obtained by applying the different aggregation operators [14,15]. Mostly, in the domain of solving real business problems in the presence of uncertainty, fuzzy arithmetic mean [16,17,18,19] and fuzzy geometric mean [20,21,22] are applied.



This section embraces the analysis of the Fuzzy Delphi technique compared with the fuzzy Delphi technique enhanced with type one fuzzy numbers and applied to solving similar problems in management. The comparative analysis is presented in Table 1.



Authors should discuss the results and how they can be interpreted from the perspective of previous studies and the working hypotheses. The findings and their implications should be discussed in the broadest possible context. Future research directions may also be highlighted.



In the analyzed papers, almost all authors use TFNs to describe the assessment of DMs. Up to now, there is no recommendation in the literature on how to determine the granulation and the domains of the employed fuzzy numbers in the realization of Delphi studies. The number of linguistic variables is most influenced by the complexity of the problem as well as the number of decision-makers included in the Delphi study. Having in mind the stated, it is worth mentioning that most scholars [13,17,18,19,20,21,23,28] employ five linguistic expressions for describing uncertainties in their research.



In the analyzed Delphi studies, the majority of authors [12,13,16,17,18,19,20,21,23] suggested that the domain should be defined on the set of real lines belonging to the interval [0–1].



In this research, the triangular membership function is used for modeling RF value estimates on sub-processes of the manufacturing process, as in almost all analyzed works. In the literature, many authors suggest that TFNs can capture uncertainties and inaccuracies adequately, and on the other hand, their usage does not require complex computations [7]. The number of pre-defined linguistic terms used to describe the considered uncertainty is five, as in the majority of analyzed papers. The domain of TFNs defined in this research belongs to the interval [0–10], as suggested by Liu and Chu [25].



The aggregation of DMs’ assessments into a single assessment is based on the use of different operators. The selection of aggregation methods for DMs’ estimates can be acknowledged as a problem in itself.



In this research, the authors suggest a fuzzy quadratic mean operator, which represents the difference between the presented research and papers that can be found in the relevant literature and is presented in Table 1.



The linguistic expression representing the result of the previous round is obtained from the condition of the minimum distance of pre-defined linguistic expressions and TFN, which describe the aggregate value of the DMs’ assessment. Euclidean distance is most often used in a variety of research [16,19], as in this one particular study. Some scholars use Hamming distance as well [22].



Checking the consistency of DMs’ assessments is based on different procedures [34]. In this research, the procedure for checking if the consensus of DMs’ opinions is reached is performed by using an intraclass correlation coefficient [35]. It can be concluded that it is necessary to perform a sensitivity analysis of the results of the consensus check obtained by applying different methods.




3. Methodology


This section proposes the three-stage fuzzy model, which represents the core of this research. Simultaneously, a literature review is provided. In the first stage, the level of RFs is determined at the level of the product delivery process within the analyzed company by applying the proposed fuzzy Delphi technique. The second stage of the proposed model is used to determine the weighted aggregated fuzzy value of RFs at the level of each KPI as well as the scatterplot dependency between RFs and KPIs. The proposed two-stage model is presented in Figure 1.



To execute the proposed research, the following steps should be performed in the corporate context: (1) the definition of a finite set of RFs (see Section 3.1.1); (2) the definition of the main processes (MP) and sub-processes (SP) of the company (see Section 3.1.2); (3) the definition of the KPIs that are managed at the level of identified subprocesses (see Section 3.1.3); (4) the identification of a group of experts who have in-depth knowledge and experience related to enterprise resilience (see Section 3.1.4); (5) the execution of the proposed Delphi method to reach a consensus opinion of the experts related to the RFs’ level in the treated company (see Section 3.3); (6) the calculation of the aggregated weighted RFs value at the level of each identified KPI; (7) the assessment of the KPIs’ recovery time; (8) The scatter plot analysis of RFs values and KPIs’ recovery time values; (9) analysis of the results to identify weaknesses and opportunities for improvement.



3.1. Defining the Finite Set of Input Variables


3.1.1. Defining the Finite Set Resilience Factors


Formally, the list of proposed RFs is represented by a formal set:     1 , . . , j , . . , J    . The total number of considered RFs is denoted as   J .   The index of RF is marked as   j , j = 1 , . . , J  . In this research, the set of RFs is defined according to the referent literature [36]. The considered RFs that are significant for a production company are: management commitment     j = 1    , reporting culture     j = 2    , learning     j = 3    , awareness     j = 4    , preparedness     j = 5    , flexibility     j = 6    , self-organization     j = 7    , teamwork     j = 8    , redundancy     j = 9    , and fault-tolerance     j = 10    .




3.1.2. Defining the Finite Set of Business Sub-Processes


The classification of the business process and its’ corresponding subprocesses is determined in compliance with the APQC framework [37]. Within this research, a process entitled “Deliver Physical Products” is analyzed. Its’ subprocesses can be formally represented by a set of indices:     1 , . . , p , . . , P    . The finite number of subprocesses is denoted as   P  , and   p , p = 1 , . . , P   represents the index of the subprocess. The sub-processes of Deliver Physical Products are: planning for and aligning supply chain resources     p = 1    , procuring materials and services     p = 2    , produce/assemble/test product     p = 3    , and managing logistics and warehousing     p = 4    .




3.1.3. Defining the Managed KPIs


There is no specific recommendation on which KPIs should be managed in different companies, so it is their responsibility to choose adequate KPIs based on their size, business domain, and other features. For this research, the set of KPIs is defined in compliance with the APQC framework to provide generality, and at the same time, it is adjusted to the company that is analyzed to provide expediency.



The set of considered KPIs is presented by a set of indices:     1 , . . , i , . . , I    . The total number of the considered KPIs is denoted as   I  . The index of the KPI is marked as   i , i = 1 , . . , I  . In this research, these KPIs are [37]: Total cost of quality per $100,000 in revenue   ( i = 1 )  , employee retention rate   ( i = 2 )  , percentage of sales orders scheduled to customer requests   ( i = 3 )  , total cost to perform the procurement process group per purchase order   ( i = 4 )  , average procure-to-pay cycle time in days   ( i = 5 )  , percentage of unique suppliers who are active suppliers   ( i = 6 )  , scrap and rework costs as a percentage of cost of goods sold   ( i = 7 )  , total cost to manufacture per $1000 revenue   ( i = 8 )  , percentage of defective parts per million   ( i = 9 )  , average cycle time in calendar days from delivery order to successful completion of delivery and disposal of back-hauled goods   ( i = 10 )  , perfect order performance   ( i = 11 )  , percentage of supplier on-time delivery   ( i = 12 )  .




3.1.4. Defining the Set of DMs’ Team


The assessment of the level of each RF,   j , j = 1 , . . , J   at the level of each business process should be presented as a fuzzy group decision-making problem. DMs should be aware of the RF level so they can manage and enhance it continuously.



In this research, a set of DMs should be presented by a set of indices:     1 , . . , e , . . , E    . Ukupan broj DMs are denoted as E. The index of DM is marked as   e , . , e = 1 , . . , E  .



The DMs team consists of the highest-ranking employees in the company structure, which enables wide insight into the enterprise’s functioning and experience in the decision-making process. In the analyzed company, the DMs’ team consists of the Chief Executive Officer (  e = 1  ), Operations Manager (  e = 2  ), Management System Manager (  e = 3  ), Global Supply Chain Manager (  e = 4  ), Human Resource Manager   ( e = 5  ), Marketing Manager   ( e = 6  ), Service and Sale Manager   ( e = 7 )  , Chief Information Officer (  e = 8  ), Research and Development Manager (  e = 9  ). It should be noted that the DMs’ team is responsible for all assessments that are proposed by this research.





3.2. The Selection of Linguistic Variables for the Existing Uncertainties’ Description


In this research, existing uncertainties are: (1) the values of RFs at the level of sub-processes of the delivery product business process; and (2) the relative importance of RFs for the KPIs’ recovery.



The assessment of RFs’ values at a level for each considered sub-process is performed by using five linguistic expressions, which are modeled by TFNs. These linguistic variables and their corresponding TFNs are given:



Very low value (B1)—(0, 1.5, 3)



Low value (B2)—(1, 2.5, 4)



Medium value (B3)—(3, 5, 7)



High value (B4)—(6, 7.5, 9)



Very high value (B5)—(7, 8.5, 10)



The domains of TFNs that are used for the quantitative description of RFs’ level in the analyzed company within the interval [0–10]. The values 0 and 10 denote that RF has the lowest value or the highest value, respectively.



The assessment of the relative importance of RFs for the KPIs’ recovery is described by the seven linguistic expressions modeled by TFNs:



Extremely low importance (A1)—(0, 0, 2.5)



Low importance (A2)—(0.5, 2, 3.5)



Fairly low importance (A3)—(1.5, 3.5, 5.5)



Medium importance (A4)—(3, 5, 7)



Fairly high importance (A5)—(5, 6.5, 8)



High importance (A6)—(6.5, 8, 9.5)



Extremely high importance (A7)—(7.5, 10, 10)



The domains of these TFNs are defined on a real line belonging to the interval [0–10]. Values 0 and 10 denote that RF has no relative importance for the KPIs’ recovery or has extremely high importance, respectively.




3.3. The Assessment of RFs Values’ Level by the Proposed Fuzzy Delphi Technique


The Delphi technique is one of the most popular qualitative methods of group decision-making. The simplest explanation of the Delphi technique can be interpreted as the collection and processing of data, which is realized through several rounds.



Within the execution of the technique, one of the most important questions is how to determine the optimal set of DMs. There are no recommendations or guidelines on how to determine the optimal number of DMs. Some scholars [38,39] suggest that there should be between five and ten DMs that provide the assessment. It may be suggested that, through the analysis of the research context, an optimal number of DMs may be determined.



According to best practice, it is assumed that the DMs participating in the Delphi study have a precise perception of the identified problem or that they have in-depth knowledge of the treated area(s). At the same time, the experience level of DMs can vary, and they can be ranked within various levels in the company hierarchy. An important issue during the realization is that the anonymity of DMs must be provided during the execution of the technique so individual biases and personal thoughts do not impact other participants. In this research, the DMs have been selected according to their importance for the company’s operations, considering their knowledge and competence.



The Delphi method is realized in several rounds. During the first round, DMs express their assessment regarding the treated problem. The mapping of DMs’ assessments into a single assessment can be executed by applying different aggregation operators. The average value of the DMs’ assessments is submitted in writing to the DMs again, who should adjust their assessments in the second round according to that value. By applying the different procedures [34], it can be determined if the DMs have reached a consensus. If they are, the average value of the estimates obtained in the second round is accepted as the decision. Otherwise, the described process of data collection and processing is repeated. It should be noticed that the DMs’ team is delivering individual assessments to determine the RFs’ value. This is because their competence covers several aspects of business activities, and all the uncertainties should be considered.



The questionnaire is adapted taking into account the verified research [22] and it is introduced to each DM with explanations of the different resilience levels within the enterprise. The questionnaire contains guidelines with linguistic expressions defining the level of organizational resilience for each RF as follows:



There are no blueprints or plans for the construction of organizational resilience, there is no awareness of organizational resilience—B1;



There are drafts of activities for securing organizational resilience—B2;



There are clear plans and activities for securing organizational resilience, and the competencies of all employees in the field of organizational resilience management are ensured—B3;



Competencies of all employees in the field of organizational resilience management are ensured, and there is a partially developed awareness of organizational resilience—B4;



All needed competences are ensured, and there is the absolute commitment of management and all employees regarding organizational resilience management—B5.



The proposed fuzzy Delphi technique is realized in the following steps:



Step 1. During the first round, each DM   e , e = 1 , … , E   assesses the level of RFs   j , j = 1 , . . , J   at the level of each sub-process   p , p = 1 , . . , P   by using one of the five pre-defined linguistic expressions,       v  ~    j p   1 e   =     l   j p   1 e   ,   m   j p   1 e   ,   u   j p   1 e      .



Step 2. Let us determine the aggregated value of the DMs’ assessment in the first round,       b  ~    j p   1     by applying the operator of the square mean:


      v  ~    j p   1   =      1   E   ·   ∑  e = 1 , . . E          l   j p   1 e       2      ,    1   E   ·   ∑  e = 1 , . . E          m   j p   1 e       2      ,    1   E   ·   ∑  e = 1 , . . E          u   j p   1 e       2         



(1)







So that:


      v  ~    j p   1   = (    l   j p   1   ,   m   j p   1   ,   u   j p   1    ) ,  



(2)







Step 3. Let us calculate the distance between       v  ~    j p   1     and TFNs that correspond to the pre-defined linguistic expressions   B k , k = 1 , . . , 5  ,   d       v  ~    j p   , B k    .



Step 4. To each RF   j , j = 1 , . . , J   at the level of sub-process,   p = 1 , . . , P  , should be adjoined one of the pre-defined linguistic expressions   B k , k = 1 , . . , K   according to the expression:


      min   k = 1 , . . , K    ⁡  d (      v  ~    j p   , B k  ) =   B   j p   *   ,    



(3)







Step 5. During the second round, DMs adjust their assessment according to the average value of     B   j p   *    . Let the DMs’ assessments in the second round be denoted as       v  ~    j p   2 e    .



Step 6. Let us check the correlation degree between the DMs assessment in the first,      v  ~    j p   1 e    , and the second round,       v  ~    j p   2 e    . If the degree of correlation is higher than or equal to 0.5, it can be considered that a consensus of DMs has been reached according to the developed procedure [35]. If there is no statistical dependency between DMs’ assessments in the first and second rounds, it is necessary to perform the second round of the assessment.




3.4. The Calculation of the Aggregated Weighted RFs Value at the Level of Each Identified KPI


This part of the research contains the steps for determining the relative importance of RFs for the KPIs’ recovery that is managed under the business process, which is entitled Deliver Physical Products. The assessment of the relative importance of RFs for the KPIs’ recovery is treated as a problem itself, with the assessment in the form of consensus.



The DMs have seven linguistic expressions at their disposal. The guidelines with the linguistic expressions defining the importance of RFs for the treated KPI’s recovery time are as follows:



The treated RF has extremely low importance for the treated KPI’s recovery time—A1;



The treated RF has low importance for the treated KPI’s recovery time—A2;



The treated RF has fairly low importance for the treated KPI’s recovery time—A3;



The treated RF has medium importance for the treated KPI’s recovery time—A4;



The treated RF has fairly high importance for the treated KPI’s recovery time—A5;



The treated RF has high importance for the treated KPI’s recovery time—A6;



The treated RF has extremely high importance for the treated KPI’s recovery time—A7.



After this, the determination of the weighted aggregated RFs’ value at the level of each denoted KPI is performed by applying the operator of the fuzzy square mean. The proposed procedure is realized as follows:



Step 1. The assessment of RFs   j , j = 1 , . . , J   relative importance of RFs for the KPIs’   i , i = 1 , . . , I   recovery time is denoted by TFN       φ  ~    j i    .



Step 2. Let us calculate the weighted value of each RF   j , j = 1 , . . , J   at the level of each denoted KPI:


      θ  ~    j i   =     v  ~    j p   ·     φ  ~    j i   ,  



(4)







Step 3. Let us determine the weighted aggregated fuzzy value of RFs at the level of each KPI   i , i = 1 , . . , I  ,       θ  ~    i     by applying the operator of the fuzzy geometric mean.




3.5. The Proposed Procedure for Analysis of the Relationship between the Weighted Aggregated RFs’ Values and KPIs’ Recovery Time


The KPIs for recovery time,     t   i    , are obtained from the enterprise records. It is worth mentioning that this research does not take into consideration KPI management but rather follows the sudden drop in KPI values. The time needed for the complete recovery of the KPI’s values is denoted as the recovery time. It is presented in months.



Here, an assumption is introduced: there is a linear correlation between KPIs’ recovery time and the weighted aggregated fuzzy value of RFs at the level of each KPI. This assumption will be checked based on the determination of the coefficient of correlation between the named variables.



The final steps of the research represent the analysis of the relationship between the weighted aggregated RFs’ value and KPIs’ recovery time. This should be executed as follows:



Step 1. Let us determine the representative scalar TFN       θ  ~    i    ,     ∆   i     by applying the simple gravity method.



Step 2. Let us determine the correlation coefficient between the KPIs’ recovery time,     t   i     and the weighted aggregated value of RFs at the level of each considered KPI,     ∆   i    .





4. A Case Study in a Complex Production Company


The analyzed enterprise follows a decentralized organizational structure. Here, all business units are mapped within a matrix organization, which acts autonomously in the global supply chain of precise industry components. Nevertheless, all organizational units should interact closely with each other without limiting their independence, flexibility, and agility in the market. To meet the challenges mentioned, it is essential for almost all organizational units and employees—regardless of the specific company size, characteristics, form, and maturity—to maintain a management system. The analyzed enterprise has a well-structured business process in compliance with the ISO 9001 and ISO 14001 standards, so it is possible to propose a similar business process framework, such as APQC.



The DMs were engaged in the first round, and after the calculations, which are presented in Section 4.1, they also participated in the second round of the fuzzy Delphi.



4.1. Application of Applying the Proposed Fuzzy Delphi Technique


The defined team of DMs has received an email containing the relevant data for assessing the level of RF values, as explained in Section 3.3. The input data for fuzzy Delphi are assessed values (RFs) at the level of the business process of Delivering Physical Products. This data is presented in Appendix A for round one and in Appendix B for the second round.



The proposed fuzzy Delphi technique is illustrated in the example of determining the value RF   j = 1   at the level of sub-process alignment of supply chain resources   ( p = 1 )  .



During the first round, the DMs assessed the values of the treated RF in the following manner:



B5, B4, B4, B4, B4, B4, B4, B4, B3, B2



The aggregated value of the DMs’ assessment in the first round,       v  ~    11   1     is obtained by applying the operator of the fuzzy square mean:


      v  ~    11   1   =            7   2   +   6   2   +   6   2   +   6   2   +   6   2   +   6   2   +   6   2   +   3   2   +   1   2     9    ,            8.5   2   +   7.5   2   +   7.5   2   +   7.5   2   +   7.5   2   +   7.5   2   +   7.5   2   +   5   2   +   2.5   2     9    ,            10   2   +   9   2   +   9   2   +   9   2   +   9   2   +   9   2   +   9   2   +   7   2   +   4   2     9          =   5.53,7 , 8.50    











Let us determine the distance of TFN       v  ~    11     from B1:


  d       v  ~    11   1   , B 1   =    1   3   ·       5.53 − 0     2   +     7 − 1.5     2   +     8.50 − 3     2      = 5.411  











In a similar manner, the distance of TFN       v  ~    11     from the rest of the pre-defined linguistic expressions is calculated:


   d       v  ~    11   1   , B 2   = 4.510    d       v  ~    11   1   , B 3   = 2.054    d       v  ~    11   1   , B 4   = 0.490    d       v  ~    11   1   , B 5   = 4.219   











Let us determine a linguistic expression that can be used to describe the aggregated value of the DMs’ assessment in the first round according to the expression:


    min  ⁡    5.411 ; 4.510 ; 2.054 ; 0.490 ; 4.219     = 0.490 → B 4  











The DMs’ assessments in the second round are B4, B3, B3, B2, B3, B3, B3, B2, and B2.



The aggregated value of the DMs’ assessments in the second round is obtained by using the operator of the fuzzy square mean.


      v  ~    11   2   =   3.06,4.71,6.45    











The check of the consistency of the DMs’ assessment is delivered according to the developed procedure [35].



By using further calculations, the value of the correlation coefficient can be obtained. The value of the correlation coefficient between the assessment of the value RF   j = 1   in the first round and in the second round is 0.8. The obtained value of the correlation coefficient shows that there is a strong positive relationship between the estimates of DMs in the first and second rounds, so it can be concluded that the obtained value of RF   j = 1   j in the second round can be considered the final value.



Similarly, the aggregated values of RFs were determined at the level of each sub-process of the considered business process and presented in Appendix B.



Based on the obtained values of the correlation coefficients, it can be concluded that the values of RFs obtained in the second round can be accepted as the final values of RFs at the level of each sub-process.




4.2. The Calculation of the Aggregated Weighted RFs Value at the Level of Each Identified KPI


The assessment of the relative importance of RFs for the KPIs’ recovery is performed for each denoted KPI at the level of each treated sub-process (Table 2). The DMs have performed this activity within the scope of the panel discussion that is executed after the second round of fuzzy Delphi. The assessment itself was based on the guidelines explained in Section 3.4. The panel discussion took place at the company headquarters with all DMs that participated in previous activities.



Let us determine the aggregate weighted value of the RF (j = 1) at the level of the KPI (  i = 1 )         z  ~    11    :


      z  ~    11   =     v  ~    11   · A 3 =   3.06,4.71,6.45   ·   1.5 , 3.5 , 5.5   =   4.59,16.49,35.48    











The other aggregated weighted values of RFs are calculated similarly to those presented in Appendix C.




4.3. The Determination of the Relationship between the Weighted Aggregated RFs’ Values and KPIs’ Recovery Time


The recovery time is taken from the company records, as explained in Section 3.5. The representative scalars of the resilience at the level of KPIs, as well as the recovery time of each KPI, are given in Table 3.



The input data for the correlation analysis are the representative scalars of the total aggregated weighted values of RFs and the recovery time expressed in months. The obtained value of the correlation coefficient is presented as follows (Table 4).



Based on the obtained value of the correlation coefficient, it can be concluded that there is a statistically significant influence of the values of RFs on the recovery time of KPIs. The value of the coefficient is negative, which indicates that if the value of RFs increases, the recovery time decreases.





5. Discussion and Conclusions


After the execution of the proposed fuzzy Delphi technique, the value of RFs is obtained at the level of each denoted subprocess. In the next step, the relative importance of the RFs for the recovery of each KPI is obtained through a direct assessment. The weighted value of the RFs is obtained through the multiplication of the previously defined variables. The weighted aggregated fuzzy value of each RF is obtained by applying the aggregation operator to the fuzzy square mean. By applying the Simple Gravity Method, the representative scalar of the weighted aggregated fuzzy value of each RF is determined.



The output of the research is the analysis of the relationship between the weighted aggregated value of each RF and the recovery time of each KPI. From the presented calculations considering correlation analysis, it is shown that the introduced assumption of a negative correlation is confirmed. There is a negative statistical dependence between the RFs and the time needed for KPIs’ recovery.



Comparing the results with the already presented research, the following may be concluded: The domains where the aggregation of resilience is conducted may be presented as follows: military service [40], social resilience measurement [41], and quantification of operational supply chain resilience [42]. Each of the mentioned papers considers their own set of resilience indicators/factors, so it can be concluded that there is no unique list of RFs. In the mentioned papers, resilience indicators/factors are presented with crisp values compared to the proposed research, which is done by using linguistic variables. It may be concluded that there are different approaches to aggregate resilience indicators/factors. The aggregated value may be determined in an exact manner by applying multi-attribute decision-making techniques, such as the analytical hierarchy process [40], or by applying simple aggregation operators [41,42]. In the presented research, the aggregated value is obtained through the application of the fuzzy Delphi technique and fuzzy square mean operator.



Improving the overall resilience of companies and their decision-makers requires a holistic approach that takes various aspects into account. Based on the case study conducted, the authors of this paper, together with the DMs that provided input data for the case study, derive the following general recommendations for increasing resilience:




	(1)

	
Establish strong risk management practices: companies should implement a comprehensive risk management system that identifies potential risks, evaluates them, and takes appropriate measures to address them. Such an approach makes it possible to respond to potential threats at an early stage and minimize damage.




	(2)

	
Diversification of business activities: companies should reduce their dependence on individual products, markets, or suppliers. A broader base enables them to respond better to changes in the market and cushion potential risks more effectively.




	(3)

	
Promote flexibility and adaptability: companies should develop a corporate culture that promotes flexibility and adaptability. This includes fostering a spirit of innovation, a willingness to change, and the development of agile structures and processes.




	(4)

	
Empowering leaders: decision-makers should have a high level of resilience Companies should support their leaders by providing them with the necessary resources, training, and coaching to deal with challenging situations.




	(5)

	
Continuous training and learning: companies should ensure that their employees are continuously trained to keep up with changing demands and challenges. This includes both technical and generic competencies, such as problem-solving skills, communication, and teamwork.




	(6)

	
Build a strong network: companies should build and maintain relationships with relevant stakeholders, including customers, suppliers, partners, and regulators. A strong network can be invaluable in times of crisis to gain support and find solutions together.




	(7)

	
Leverage technology and digital transformation: companies should take advantage of modern technologies to make their processes more efficient and improve their resilience. This can include the use of data analytics, artificial intelligence, and other technologies to identify risks early and make informed decisions.









These recommendations serve as a starting point to improve the resilience of companies and their decision-makers. Companies must consider their challenges and needs and develop tailored solutions accordingly. The other approach that may be combined with the proposed measures may include the ranking of the proposed RFs to identify those ranked last, so the DMs may propose more concrete measures to improve those and sustain the values of those ranked first.



The main contribution of the research may be summarized as follows: There are just a few papers that treat the problem in a similar manner, defining interconnections between RFs and KPIs. All the uncertainties that exist in the model are described by using linguistic variables modeled by fuzzy sets theory. The fuzzy values of RFs at the level of delivery of physical product sub-processes are obtained by using the enhanced fuzzy Delphi method. The weighted aggregated fuzzy value of resilience at the level of a KPI is determined in an exact manner by applying fuzzy algebra rules.



The main constraint of the research is the selection of the DM team, which consists of the top management representatives, considering their knowledge, skills, and experience related to overall business operations, strategy, organizational state, and functioning.



On the other hand, it may be considered that the proposed model is flexible in terms of changing the number of KPIs and RFs. Also, the number of DMs can be changed due to the nature of the treated organization.



Future research should cover the extension of the Delphi method by using some other method for checking the consensus, developing a new method, and comparing the obtained results. For resilience management benchmarking, it can be assumed that this model should be used in some business processes and other branches of industry and the economy. Also, it would be useful to test the proposed model with different types of fuzzy numbers to determine their suitability for embracing the existing uncertainties.
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Appendix A. The First Round of the Proposed Fuzzy Delphi




[image: Table] 





Table A1. The assessment of the DMs in the first round.






Table A1. The assessment of the DMs in the first round.





	
Sub-Processes

	
RFs

	
    e = 1    

	
    e = 2    

	
    e = 3    

	
    e = 4    

	
    e = 5    

	
    e = 6    

	
    e = 7    

	
    e = 8    

	
    e = 9    






	
   p = 1   

	
   j = 1   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B4

	
B3




	
   j = 2   

	
B5

	
B5

	
B4

	
B4

	
B3

	
B5

	
B4

	
B5

	
B3




	
   j = 3   

	
B5

	
B5

	
B4

	
B5

	
B4

	
B4

	
B4

	
B5

	
B3




	
   j = 4   

	
B5

	
B4

	
B5

	
B5

	
B4

	
B3

	
B2

	
B3

	
B3




	
   j = 5   

	
B5

	
B5

	
B5

	
B5

	
B3

	
B2

	
B3

	
B3

	
B4




	
   j = 6   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B3

	
B4

	
B5

	
B3




	
   j = 7   

	
B4

	
B5

	
B3

	
B5

	
B4

	
B3

	
B2

	
B5

	
B5




	
   j = 8   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5




	
   j = 9   

	
B5

	
B3

	
B2

	
B4

	
B4

	
B2

	
B2

	
B4

	
B3




	
   j = 10   

	
B5

	
B5

	
B5

	
B4

	
B4

	
B5

	
B5

	
B5

	
B5




	
   p = 2   

	
   j = 1   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B4

	
B5

	
B4

	
B3




	
   j = 2   

	
B5

	
B5

	
B5

	
B3

	
B3

	
B4

	
B5

	
B4

	
B3




	
   j = 3   

	
B5

	
B5

	
B4

	
B4

	
B4

	
B4

	
B4

	
B5

	
B3




	
   j = 4   

	
B5

	
B4

	
B5

	
B5

	
B4

	
B3

	
B2

	
B3

	
B3




	
   j = 5   

	
B5

	
B5

	
B5

	
B5

	
B3

	
B2

	
B3

	
B3

	
B4




	
   j = 6   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B3

	
B3

	
B5

	
B3




	
   j = 7   

	
B4

	
B5

	
B3

	
B5

	
B4

	
B3

	
B2

	
B5

	
B5




	
   j = 8   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5




	
   j = 9   

	
B5

	
B3

	
B3

	
B4

	
B4

	
B2

	
B2

	
B4

	
B3




	
   j = 10   

	
B5

	
B5

	
B5

	
B5

	
B4

	
B5

	
B5

	
B5

	
B5




	
   p = 3   

	
   j = 1   

	
B5

	
B5

	
B4

	
B4

	
B5

	
B5

	
B4

	
B5

	
B5




	
   j = 2   

	
B5

	
B4

	
B2

	
B4

	
B3

	
B4

	
B3

	
B3

	
B3




	
   j = 3   

	
B5

	
B5

	
B4

	
B4

	
B4

	
B5

	
B4

	
B5

	
B3




	
   j = 4   

	
B5

	
B3

	
B4

	
B4

	
B4

	
B4

	
B2

	
B3

	
B4




	
   j = 5   

	
B5

	
B5

	
B4

	
B4

	
B4

	
B2

	
B2

	
B2

	
B3




	
   j = 6   

	
B5

	
B5

	
B4

	
B4

	
B5

	
B3

	
B4

	
B5

	
B4




	
   j = 7   

	
B4

	
B5

	
B2

	
B4

	
B4

	
B3

	
B2

	
B4

	
B3




	
   j = 8   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5




	
   j = 9   

	
B5

	
B3

	
B3

	
B3

	
B4

	
B4

	
B2

	
B4

	
B3




	
   j = 10   

	
B5

	
B5

	
B5

	
B4

	
B4

	
B4

	
B5

	
B5

	
B5




	
   p = 4   

	
   j = 1   

	
B5

	
B4

	
B4

	
B3

	
B5

	
B5

	
B3

	
B3

	
B5




	
   j = 2   

	
B5

	
B3

	
B2

	
B4

	
B2

	
B4

	
B3

	
B3

	
B3




	
   j = 3   

	
B3

	
B4

	
B4

	
B3

	
B4

	
B3

	
B4

	
B4

	
B3




	
   j = 4   

	
B4

	
B3

	
B2

	
B3

	
B4

	
B4

	
B2

	
B4

	
B4




	
   j = 5   

	
B4

	
B4

	
B3

	
B4

	
B4

	
B3

	
B2

	
B2

	
B2




	
   j = 6   

	
B5

	
B5

	
B3

	
B4

	
B5

	
B3

	
B3

	
B3

	
B3




	
   j = 7   

	
B3

	
B3

	
B2

	
B4

	
B4

	
B2

	
B2

	
B4

	
B4




	
   j = 8   

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5

	
B5




	
   j = 9   

	
B5

	
B3

	
B2

	
B3

	
B4

	
B3

	
B2

	
B4

	
B2




	
   j = 10   

	
B4

	
B3

	
B5

	
B3

	
B3

	
B4

	
B5

	
B4

	
B4
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Table A2. The aggregated values of RFs at the level of sub-process Align supply chain resources     p = 1    .






Table A2. The aggregated values of RFs at the level of sub-process Align supply chain resources     p = 1    .





	RFs
	The Aggregated Value in the First Round
	The Linguistic Expression





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(5.53,7,8.50)

(4.70,6.19,7.75)

(4.48,6.07,7.72)

(3.97,5.33,6.83)

(4.33,5.65,7.06)

(5.30,6.72,8.20)

(4.27,5.67,7.17)

(7,8.50,10)

(2.69,4.06,5.65)

(5.61,7.15,8.72)
	B4

B4

B3

B3

B3

B4

B3

B5

B3

B4










[image: Table] 





Table A3. The aggregated values of RFs at the level of sub-process Procure materials and services     p = 2    .






Table A3. The aggregated values of RFs at the level of sub-process Procure materials and services     p = 2    .





	RFs
	The Aggregated Value in the First Round
	The Linguistic Expression





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(5.53,7,8.50)

(4.45,5.87,7.37)

(4.14,5.77,7.48)

(3.97,5.33,6.81)

(4.33,5.65,7.06)

(5.08,6.43,7.84)

(4.27,5.67,7.17)

(7,8.5,10)

(2.71,4.14,5.72)

(5.99,7.51,9.04)
	B4

B3

B3

B3

B3

B4

B3

B5

B3

B4
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Table A4. The aggregated values of RFs at the level of sub-process Test product,     p = 3    .






Table A4. The aggregated values of RFs at the level of sub-process Test product,     p = 3    .





	RFs
	The Aggregated Value in the First Round
	The Linguistic Expression





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(5.47,7.03,8.63)

(2.73,4.20,5.78)

(4.64,6.21,7.85)

(3.04,4.67,6.39)

(3.33,4.72,6.25)

(4.64,6.21,7.85)

(2.87,4.39,6.03)

(6.90,8.39,9.89)

(2.73,4.20,5.78)

(5.33,6.90,8.51)
	B4

B3

B3

B3

B3

B4

B3

B5

B3

B4
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Table A5. The aggregated values of RFs at the level of sub-process Manage logistics and warehousing,     p = 4    .






Table A5. The aggregated values of RFs at the level of sub-process Manage logistics and warehousing,     p = 4    .





	RFs
	The Aggregated Value in the First Round
	The Linguistic Expression





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(4.28,5.71,7.23)

(2.54,3.88,5.39)

(2.33,4.08,5.86)

(2.29,3.97,5.73)

(2.05,3.64,5.32)

(3.68,5,6.43)

(2.69,4.09,5.65)

(6.90,8.39,9.89)

(2.52,3.83,5.31)

(3.51,5.07,6.72)
	B3

B3

B3

B3

B3

B3

B3

B5

B3

B3









Appendix B. The Second Round of the Proposed Fuzzy Delphi
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Table A6. The assessment of the DMs in the second round.






Table A6. The assessment of the DMs in the second round.





	
Sub-Processes

	
RFs

	
    e = 1    

	
    e = 2    

	
    e = 3    

	
    e = 4    

	
    e = 5    

	
    e = 6    

	
    e = 7    

	
    e = 8    

	
    e = 9    






	
   p = 1   

	
   j = 1   

	
B4

	
B3

	
B3

	
B2

	
B3

	
B3

	
B3

	
B2

	
B2




	
   j = 2   

	
B4

	
B4

	
B3

	
B3

	
B2

	
B3

	
B3

	
B4

	
B2




	
   j = 3   

	
B4

	
B2

	
B2

	
B3

	
B3

	
B2

	
B3

	
B3

	
B2




	
   j = 4   

	
B4

	
B3

	
B3

	
B3

	
B2

	
B2

	
B1

	
B2

	
B2




	
   j = 5   

	
B4

	
B5

	
B3

	
B3

	
B2

	
B1

	
B2

	
B2

	
B2




	
   j = 6   

	
B5

	
B4

	
B2

	
B4

	
B3

	
B2

	
B2

	
B4

	
B2




	
   j = 7   

	
B3

	
B3

	
B1

	
B3

	
B2

	
B2

	
B1

	
B3

	
B3




	
   j = 8   

	
B5

	
B5

	
B4

	
B4

	
B5

	
B5

	
B5

	
B5

	
B3




	
   j = 9   

	
B3

	
B2

	
B1

	
B2

	
B2

	
B1

	
B1

	
B1

	
B1




	
   j = 10   

	
B4

	
B3

	
B3

	
B2

	
B2

	
B3

	
B3

	
B4

	
B4




	
   p = 2   

	
   j = 1   

	
B5

	
B4

	
B4

	
B4

	
B3

	
B4

	
B4

	
B4

	
B3




	
   j = 2   

	
B4

	
B3

	
B3

	
B2

	
B3

	
B3

	
B3

	
B3

	
B3




	
   j = 3   

	
B3

	
B3

	
B3

	
B2

	
B2

	
B3

	
B3

	
B3

	
B2




	
   j = 4   

	
B4

	
B3

	
B3

	
B3

	
B2

	
B2

	
B1

	
B2

	
B2




	
   j = 5   

	
B4

	
B4

	
B4

	
B3

	
B2

	
B1

	
B2

	
B2

	
B2




	
   j = 6   

	
B4

	
B4

	
B2

	
B3

	
B3

	
B2

	
B2

	
B3

	
B2




	
   j = 7   

	
B3

	
B3

	
B1

	
B3

	
B2

	
B2

	
B1

	
B3

	
B3




	
   j = 8   

	
B5

	
B5

	
B4

	
B4

	
B5

	
B5

	
B5

	
B5

	
B3




	
   j = 9   

	
B3

	
B1

	
B1

	
B2

	
B2

	
B1

	
B1

	
B1

	
B2




	
   j = 10   

	
B4

	
B3

	
B3

	
B2

	
B2

	
B3

	
B3

	
B3

	
B3




	
   p = 3   

	
   j = 1   

	
B3

	
B2

	
B2

	
B2

	
B2

	
B3

	
B2

	
B3

	
B3




	
   j = 2   

	
B3

	
B2

	
B1

	
B2

	
B1

	
B3

	
B2

	
B2

	
B3




	
   j = 3   

	
B3

	
B3

	
B2

	
B2

	
B2

	
B2

	
B3

	
B4

	
B2




	
   j = 4   

	
B3

	
B2

	
B3

	
B3

	
B2

	
B2

	
B1

	
B2

	
B2




	
   j = 5   

	
B3

	
B4

	
B3

	
B2

	
B2

	
B1

	
B1

	
B1

	
B2




	
   j = 6   

	
B4

	
B3

	
B3

	
B3

	
B4

	
B2

	
B2

	
B3

	
B3




	
   j = 7   

	
B2

	
B3

	
B1

	
B3

	
B3

	
B2

	
B1

	
B3

	
B2




	
   j = 8   

	
B5

	
B4

	
B5

	
B4

	
B5

	
B5

	
B5

	
B5

	
B4




	
   j = 9   

	
B3

	
B1

	
B1

	
B1

	
B2

	
B2

	
B1

	
B2

	
B2




	
   j = 10   

	
B3

	
B3

	
B3

	
B2

	
B2

	
B2

	
B4

	
B3

	
B2




	
   p = 4   

	
   j = 1   

	
B3

	
B1

	
B2

	
B1

	
B2

	
B2

	
B1

	
B1

	
B2




	
   j = 2   

	
B3

	
B1

	
B1

	
B2

	
B1

	
B2

	
B1

	
B1

	
B1




	
   j = 3   

	
B2

	
B2

	
B2

	
B1

	
B2

	
B2

	
B2

	
B2

	
B1




	
   j = 4   

	
B3

	
B2

	
B1

	
B2

	
B2

	
B2

	
B1

	
B2

	
B2




	
   j = 5   

	
B3

	
B2

	
B1

	
B3

	
B2

	
B2

	
B1

	
B1

	
B1




	
   j = 6   

	
B3

	
B4

	
B2

	
B2

	
B3

	
B2

	
B2

	
B2

	
B2




	
   j = 7   

	
B2

	
B2

	
B1

	
B2

	
B2

	
B1

	
B1

	
B2

	
B2




	
   j = 8   

	
B5

	
B5

	
B4

	
B4

	
B5

	
B5

	
B5

	
B5

	
B5




	
   j = 9   

	
B3

	
B2

	
B1

	
B1

	
B2

	
B2

	
B1

	
B1

	
B1




	
   j = 10   

	
B2

	
B1

	
B2

	
B1

	
B1

	
B2

	
B3

	
B3

	
B3
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Table A7. The aggregated values of RFs at the level of sub-process Align supply chain resource     p = 1    .






Table A7. The aggregated values of RFs at the level of sub-process Align supply chain resource     p = 1    .





	RFs
	The Aggregated Value in the Second Round
	The Measure of Achieved Consensus





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(3.06,4.71,6.45)

(4.03,5.59,7.29)

(2.91,4.49,6.16)

(2.73,4.20,5.78)

(3.45,4.78,6.25)

(4.35,5.69,7.12)

(2.29,3.97,5.73)

(6.45,7.97,9.49)

(1.15,2.47,3.97)

(4.03,5.59,7.23)
	0.8

0.94

0.50

0.90

0.88

0.76

0.91

1

0.79

0.85
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Table A8. The aggregated values impact RFs at the level of sub-processes Procure materials and services,     p = 2    .






Table A8. The aggregated values impact RFs at the level of sub-processes Procure materials and services,     p = 2    .





	RFs
	The Aggregated Value in the Second Round
	The Measure of Achieved Consensus





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(5.61,7.15,8.72)

(3.33,5.14,6.99)

(2.69,4.56,6.45)

(2.73,4.20,5.78)

(3.67,4.96,6.37)

(3.38,4.86,6.44)

(2.29,3.97,5.73)

(6.45,7.97,9.49)

(1.15,2.47,3.97)

(3.20,4.93,6.72)
	0.59

0.61

0.62

0.90

0.92

0.74

0.91

1

0.79

0.71
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Table A9. The aggregated values of RFs at the level of sub-process Test product,     p = 3    .






Table A9. The aggregated values of RFs at the level of sub-process Test product,     p = 3    .





	RFs
	The Aggregated Value in the Second Round
	The Measure of Achieved Consensus





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(2.13,3.82,5.54)

(1.18,3.41,5.04)

(2.75,4.25,5.84)

(1.18,3.47,5.12)

(2.52,3.83,5.31)

(3.64,5.27,6.98)

(2.08,3.70,5.40)

(6.68,8.18,9.68)

(1.20,2.56,4.07)

(2.91,4.49,6.16)
	0.71

0.55

0.56

0.70

0.86

0.78

0.84

0.50

0.88

0.69
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Table A10. The aggregated values of RFs at the level of sub-process Manage logistics and warehousing,     p = 4    .






Table A10. The aggregated values of RFs at the level of sub-process Manage logistics and warehousing,     p = 4    .





	RFs
	The Aggregated Value in the Second Round
	The Measure of Achieved Consensus





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(1.20,2.56,4.07)

(0.94,2.41,3.90)

(1.60,3.09,4.67)

(1.29,2.73,4.26)

(1.53,2.94,4.50)

(2.58,4,5.53)

(0.82,2.22,3.70)

(6.79,8.29,9.79)

(0.67,2.01,3.48)

(2.05,3.64,5.32)
	0.68

0.94

0.60

0.58

0.77

0.87

0.72

0.66

0.50

0.59









Appendix C. The Weighted Aggregated Fuzzy Value of RFs at the Level of KPI
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Table A11. The weighted aggregated fuzzy value of RFs at the level of KPI in the scope of sub-process Align supply chain resources (  p = 1  ).






Table A11. The weighted aggregated fuzzy value of RFs at the level of KPI in the scope of sub-process Align supply chain resources (  p = 1  ).





	RFs
	i = 1
	i = 2
	i = 3





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(4.59,16.49,35.48)

(20.15,36.34,58.32)

(14.55,29.19,49.28)

(20.48,33.60,54.91)

(17.25,31.07,50)

(13.05,28.45,49.84)

(1.15,7.94,20.06)

(9.68,27.90,52.20)

(5.75,16.06,31.76)

(30.23,55.90,72.30)
	(22.95,47.10,64.50)

(2.02,11.18,25.52)

(21.83,35.92,58.52)

(20.48,33.60,54.91)

(25.88,38.24,59.38)

(2.18,11.38,24.92)

(6.87,19.85,40.11)

(48.38,79.70,94.90)

(0.58,4.94,13.90)

(2.02,11.18,25.31)
	(15.30,30.62,51.60)

(30.23,44.72,69.26)

(14.55,29.19,49.28)

(20.48,33.60,54.91)

(17.25,31.07,50)

(13.05,28.45,49.84)

(6.87,19.85,40.11)

(19.35,39.85,66.43)

(0.58,4.94,13.90)

(6.05,19.57,39.77)



	Weighted aggregated fuzzy value of RFs
	(12.90,30.94,49.45)
	(22.05,36.40,51.81)
	(16.45,30.14,50.68)
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Table A12. The weighted aggregated fuzzy value of RFs at the level of KPI in the scope of sub-process procurement materials and services (  p = 2  ).
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	RFs
	i = 4
	i = 5
	i = 6





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(42.08,57.20,82.84)

(24.98,51.40,69.90)

(13.45,29.64,51.60)

(13.65,27.30,46.24)

(18.35,32.24,50.46)

(25.35,38.88,61.18)

(6.87,19.85,40.11)

(19.35,39.85,66.43)

(1.73,8.65,21.84)

(4.80,17.26,36.98)
	(28.05,46.48,69.76)

(16.65,33.41,55.92)

(1.35,9.12,22.58)

(20.48,42,57.80)

(18.35,32.24,50.46)

(25.35,38.88,61.18)

(3.44,13.90,31.52)

(9.68,27.90,52.20)

(0.58,4.94,13.90)

(4.80,17.26,36.98)
	(42.08,71.50,87.20)

(5,17.99,38.45)

(1.35,9.12,22.58)

(20.48,33.60,54.91)

(5.51,17.36,35.04)

(5.07,17.01,35.42)

(3.44,13.90,31.52)

(19.35,39.85,66.43)

(0,0,9.93)

(16,32.05,53.76)



	Weighted aggregated fuzzy value of RFs
	(20.47,35.28,55.46)
	(16.10,29.95,48.44)
	(17.07,31.70,48.46)
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Table A13. The weighted aggregated fuzzy value of RFs at the level of KPI in the scope of the sub-process Test product (  p = 3  ).
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	RFs
	i = 7
	i = 8
	i = 9





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(3.20,13.37,30.47)

(1.77,11.94,27.72)

(20.63,34,55.48)

(8.85,27.76,48.64)

(12.60,24.90,42.48)

(10.92,26.35,48.86)

(6.24,18.50,37.80)

(20.04,40.90,67.76)

(9,20.48,38.67)

(14.55,29.19,49.28)
	(15.98,38.20,55.40)

(8.85,27.28,47.88)

(13.75,27.63,46.72)

(8.85,27.76,48.64)

(7.56,19.15,37.17)

(18.20,34.26,55.84)

(3.12,12.95,29.70)

(10.02,28.63,53.24)

(6,16.64,32.56)

(8.73,22.45,43.12)
	(6.39,19.10,38.70)

(3.54,17.05,35.28)

(8.25,21.25,40.88)

(5.90,22.56,40.96)

(18.90,30.64,50.45)

(1.82,10.54,24.43)

(3.12,12.95,29.70)

(10.02,28.63,53.24)

(6,16.64,32.56)

(14.55,29.19,49.28)



	Weighted aggregated fuzzy value of RFs
	(10.53,26.17,46.13)
	(11.01,26.54,45.88)
	(9.35,21.87,40.54)
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Table A14. The weighted aggregated fuzzy value of RFs at the level of a KPI in the scope of a sub-process Manage logistics and warehousing (  p = 4  ).
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	RFs
	i = 10
	i = 11
	i = 12





	j = 1

j = 2

j = 3

j = 4

j = 5

j = 6

j = 7

j = 8

j = 9

j = 10
	(6,16.64,32.58)

(7.05,19.28,37.05)

(4.80,15.45,32.69)

(3.87,13.65,29.82)

(11.48,23.52,42.75)

(7.74,22,38.71)

(1.23,7.77,20.35)

(20.37,41.45,68.53)

(3.35,13.07,27.84)

(6.15,18.35,37.24)
	(9,25.60,40.70)

(7.05,19.28,37.05)

(12,24.72,44.37)

(6.45,17.75,34.08)

(11.48,23.52,42.75)

(7.74,22,38.71)

(2.46,11.10,25.90)

(33.95,53.98,78.32)

(2.01,10.05,24.36)

(6.15,18.35,37.24)
	(9,25.60,40.70)

(7.05,24.10,39)

(8,20.09,37.36)

(9.68,21.84,40.47)

(11.48,23.52,42.75)

(12.90,28.60,44.24)

(2.46,11.10,25.90)

(20.37,41.45,68.53)

(1.01,7.04,19.14)

(10.25,23.86,42.56)



	Weighted aggregated fuzzy value of RFs
	(8.84,20.97,38.72)
	(13.11,25.41,42.74)
	(10.57,24.39,41.88)
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Figure 1. The proposed fuzzy model for assessment and analysis of the relationship between the weighted aggregated RFs’ values and KPIs’ recovery time. 
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Table 1. Comparative analysis of the proposed Delphi technique with type one fuzzy numbers.
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	Authors
	The Number of DMs
	Membership Function Shape/Granulation/

Domain
	The Aggregation Operator/Defuzzification Procedure/the Distance between Two Fuzzy Numbers/Checking the Consensus of Decision-Makers Assessments





	Chen and Lee [23]
	-
	TFN/5/[0–1]
	the proposed aggregation method/simple gravity method/-/the proposed threshold value [23]



	Habibi et al. [12]
	-
	TFN/5/[0–1]

TFN/7/[0–1]
	the proposed aggregation procedure/center gravity method/-/the usually used threshold [24]



	Liu and Chu [25]
	-
	TrFN/3/[0–10]
	the proposed aggregation procedure/-/-/the proposed procedure by Horng et al. [24]



	Kumar et al. [26]
	-
	TFN/9/[0.1–0.9]
	the proposed aggregation procedure [26]/center of gravity method/-/-



	Jani et al. [16]
	12
	TFN/7/[0–1]
	fuzzy arithmetic mean/-/Euclidean distance/threshold value defined by Mahmoudi et al. [27]



	Singh and Sarkar [28]
	15
	TFN/5/[0.1–0.9]
	the proposed aggregation procedure/center of gravity method/-/the proposed procedure based on a threshold value defined by Kumar et al. [29]



	Bui et al. [20]
	-
	TFN/5/[0–1]
	fuzzy geometric mean/method of the maximum possibility/-/the proposed procedure for establishing equilibrium across the fundamental judgments among the expert group [7]



	Khan et al. [21]
	12
	TFN/5/[0–1]
	fuzzy geometric mean/center of gravity/-/procedure defined by Horng et al. [24]



	Abdollahi et al. [17]
	15
	TrFN/5/[0–9]
	fuzzy arithmetic mean/-/the defuzzification procedure [30]/distance between two consecutive rounds [27]



	Tsai et al. [18]
	14
	TFN/5/[0–1]
	fuzzy arithmetic mean/center of gravity method/-/-



	Dawood et al. [19]
	-
	TFN/5/[0–1]
	fuzzy arithmetic mean/center of gravity method/Euclidean distance/The consensus must be higher than or equal to 75% to declare an acceptable agreement amongst the experts [31]; defined threshold value; distance between two consecutive rounds [27]



	Mabrouk [13]
	-
	TFN/5/[0–1]
	the proposed aggregation model/the proposed defuzzification method/-/defined the filtering threshold for the critical attributes



	Aleksić et al. [22]
	5
	TFN/7/[1–9]
	fuzzy geometric mean/-/Hamming distance/combining the Graded Mean Integration Representation and Average Percent of Majority Opinions Cut-off Rate [32]



	The proposed model
	9
	TFN/5/[0–10]
	fuzzy square mean/-/Euclidean distance/intraclass correlation coefficient [33]
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Table 2. The relative importance of RFs for the KPIs’ recovery at the level of each treated sub-process.
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	RFs
	    i = 1    
	    i = 2    
	    i = 3    
	    i = 4    
	    i = 5    
	    i = 6    
	    i = 7    
	    i = 8    
	    i = 9    
	    i = 10    
	    i = 11    
	    i = 12    





	   j = 1   
	A3
	A7
	A5
	A6
	A5
	A7
	A3
	A7
	A4
	A5
	A7
	A7



	   j = 2   
	A5
	A2
	A6
	A7
	A5
	A3
	A3
	A6
	A4
	A6
	A6
	A7



	   j = 3   
	A5
	A6
	A5
	A5
	A2
	A2
	A6
	A5
	A4
	A4
	A6
	A5



	   j = 4   
	A6
	A6
	A6
	A5
	A7
	A6
	A6
	A6
	A5
	A4
	A5
	A6



	   j = 5   
	A5
	A6
	A5
	A5
	A5
	A3
	A5
	A4
	A6
	A6
	A6
	A6



	   j = 6   
	A4
	A2
	A4
	A6
	A6
	A3
	A4
	A5
	A2
	A4
	A4
	A5



	   j = 7   
	A2
	A4
	A4
	A4
	A3
	A3
	A4
	A3
	A3
	A3
	A4
	A4



	   j = 8   
	A3
	A7
	A4
	A4
	A3
	A4
	A4
	A3
	A3
	A4
	A5
	A4



	   j = 9   
	A5
	A2
	A2
	A3
	A2
	A1
	A6
	A5
	A5
	A5
	A4
	A3



	   j = 10   
	A7
	A2
	A3
	A3
	A3
	A5
	A5
	A4
	A5
	A4
	A4
	A5
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Table 3. The total aggregated weighted crisp values of RFs and KPIs’ recovery time in months.
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	    K P I s    
	      z   i      
	      t   i      





	   i = 1   
	31.10
	10



	   i = 2   
	36.76
	7



	   i = 3   
	32.42
	5



	   i = 4   
	37.07
	7



	   i = 5   
	31.50
	4



	   i = 6   
	32.41
	6



	   i = 7   
	27.61
	10



	   i = 8   
	27.81
	6



	   i = 9   
	23.92
	7



	   i = 10   
	22.84
	9



	   i = 11   
	27.09
	7



	   i = 12   
	25.61
	8
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Table 4. Impact of the aggregated weighted values of RFs on KPIs’ recovery time.






Table 4. Impact of the aggregated weighted values of RFs on KPIs’ recovery time.










	
	The Weighted Aggregated RFs’ Value at the Level of Each KPI
	The Recovery Time of Each KPI





	The weighted aggregated RFs’ value at the level of each KPI
	1
	



	The recovery time of each KPI
	−0.73857
	1
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