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Abstract 

In today's world, selecting a suitable, reasonable option is challenging for any decision-maker. Where does this problem 

arise from? According to the decision-making literature, complexity “multiple criteria and interrelationship among them” 

and uncertainty “the vagueness of judgments and future uncertainty” have made decision-making one of the most 

significant problems for people. Though multiple-criteria decision-making (MCDM) methods can help decision-makers 

select the best alternative among multiple criteria and consider their interrelationships, they do not deal with uncertainty. 

Fuzzy set theory handles uncertainty arising from the vagueness of human thoughts and language in making decisions. 

Still, the MCDM or FMCDM techniques fail to formulate the probable futures since they use the present information and 

judgments to collect the data, while in the real world, choosing a method that can deal with the uncertain environment 

and reduce its impact on outcomes will be effective. Moreover, soft OR methods, such as robustness analysis, strategic 

choice approach, etc., can deal with future uncertainty but not complexity. Thus, we will use a combination of the Matrix 

Approach to Robustness Analysis (MARA) and Fuzzy DEMATEL-based ANP (FDANP) to address the weakness 

mentioned above. This hybrid method has two significant advantages: it can (i) consider numerous scenarios, criteria, 

and alternatives as well as the interdependency among criteria to address the complexity aspect, and (ii) examine the 

option performance among the different possible futures and the fuzzy nature of the problem owner's judgments to 

address the uncertainty aspect. This method is applied to a case related to starting a new business in Iran. The results 

show that by concerning the environmental situations and the possible future of Iran, education service is the most robust 

business to start. 

 

Keywords- Decision-making, Robustness analysis, Complexity and uncertainty, Fuzzy DEMATEL-based ANP 

(FDANP). 

 

 

 

1. Introduction 
For so many years, decision-making has been a regular, ongoing thing (task), but nowadays, it is 

challenging (Lin and Pham, 2019). No matter what we do, whether a manager, a mother, or even a 

jobless person, everybody has to make different decisions during the day. This process forces us to 

select between various options. It is said that choosing a suitable choice is one of the most 

significant problems for decision-makers (Nakhjavani et al., 2014). Where does this problem arise 

from? Reviewing decision-making literature addresses two critical factors: complexity and 

uncertainty (Ocampo et al., 2019). Complexity includes two main aspects: (A) identifying effective 

criteria (Taati and Dooki, 2017) in the situation in which numerous variables are affecting the 

consequences of the decision and (B) determining the relationships among the evaluation criteria 
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(Salimi and Edalatpanah, 2020). Uncertainty includes two main aspects as well: (A) the uncertainty 

of individual judgment (Ocampo et al., 2015) and (B) future uncertainty – the future which will 

most probably be different from what we have expected (Rudd et al., 2008). The last aspect of the 

uncertainty is related to the environmental factor and their changes affecting the decision outcome. 

 

Managing complexity needs to grasp the interrelationships among interacting criteria affecting the 

situation (Kim et al., 2021). The diversity of criteria and various dependencies among them have 

caused selecting the best option to be very complicated (Arjomandi et al., 2021). While The 

effectiveness of decision-making depends mainly on DMs ability to analyze these interrelationships 

(Lin and Wu, 2008), the number of criteria and the interactions among them make the 

interdependency more complex (Song et al., 2020). In such situations, applying multi-criteria 

decision-making (MCDM) techniques seems reasonable (Taati and Dooki, 2017; Avikal et al., 2020; 

Kharisma and Ardi, 2020). MCDM is continuously growing because of its ability to capture 

multidimensionality (Kavta and Goswami, 2021). Among all its well-known methods, one of the 

most widely used MCDM is the Analytic Network Process (ANP), a mathematical theory that can 

systematically overcome all types of dependencies (Hsu et al., 2012). Applying the ANP method 

will be advisable when the problem elements form a network structure (Tadić et al., 2014). Another 

helpful method developed to make decisions in a complex environment (Dinçer et al., 2019) is the 

Decision-Making Trial and Evaluation Laboratory, DEMATEL (Liou et al., 2018). DEMATEL 

makes a structural model and then analyzes the influence relation among multiple criteria (Wu and 

Lee, 2007; Chang et al., 2011). More recently, calculating the criteria weight by using a 

combination of DEMATEL and ANP (Hsu et al., 2012; Sudarmin and Ardi, 2020), DANP, has 

been addressed by so many researchers (Huang, 2012; Vinodh and Swarnakar, 2015; Busyra and 

Ardi, 2020). Applying DANP, decision-makers can determine the key factors and their weights 

(Hu et al., 2014). Though the ANP, DEMATEL, and DANP techniques solve the complexity aspect 

of the problem, none of them considers neither future uncertainty nor individual judgment 

uncertainty. 

 

There is no gainsaying that a lot of referable studies have been conducted to respond to one aspect 

of uncertainty by using fuzzy set theory (Sagnak et al., 2020; Akram et al., 2021). Fuzzy logic is 

an approach to calculating the values based on “degrees of truth” instead of the usual Boolean “true 

or false” logic (Edalatpanah, 2020). Because human judgment about preferences is often unclear 

and hard to estimate by exact numerical values, it is constructive to deal with the vagueness of 

human thoughts and language in making decisions (Lin and Wu, 2008; Huang and Ting, 2012). 

The integration of fuzzy set theory with MCDM methods has been reported vastly in the literature 

(Ocampo et al., 2020) and is not enumerated here for brevity. However, while decision-making 

problems need to be carried out under uncertainty (Seker and Zavadskas, 2017), another aspect of 

that, future uncertainty, is neglected in the MCDM literature. MCDM and FMCDM models can 

deal with both qualitative and quantitative data; can consider a sufficient number of criteria, options, 

etc.; can formulate the relationships among different criteria; and, if using fuzzy set theory, can 

model the vagueness of verbal judgments. Nevertheless, none analyze the consequences of 

decisions (alternatives, options, etc.) and the environmental factors changing the current situation. 

Imagine you want to choose a supplier between S1 and S2 while you live in Iran, and the quality of 

raw material is your only criterion. S1 located in your country has low-quality and S2 located in 

Japan has high-quality. After a few months, while you choose S2, this supplier refuses to supply 

you because of the Joint Comprehensive Plan of Action (JCPOA). What happens now? Is still your 

decision suitable and reasonable? It indicates while we live in a turbulent environment, we have to 

consider the possible scenarios of the future. 
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There are a few approaches in which the future scenarios form the basis of the analysis. Scenario 

Planning (SP) is a well-known approach to support strategic planning and decision-making 

(Greiner et al., 2014). It defines a specific set of uncertainties, what the future is going to be and 

how the environment will change over time in light of that future; Strategic Choice Approach (SCA) 

deals with the uncertainty by introducing three different categories: Uncertainties about our 

working environment (UE), Uncertainties about our guiding values (UV), and Uncertainties about 

choices on related agendas (UR); Robustness Analysis (RA) is an approach to assess the primary 

sequential decisions in the sense that robustness and debility of choice in the future alternatives is 

examined to make a decision that could provide acceptable and satisfactory results among more 

futures and simultaneously followed by fewer adverse outcomes (Rosenhead, 1980, 2011). Having 

some distinct advantages in considering uncertainty, none of these approaches can deal with both 

aspects of complexity. Specifically, scenario planning models often include only three, four, or five 

scenarios and can not deal with various criteria affecting the problem to address the first aspect of 

the complexity. The strategic choice approach is a reliable one to handle the uncertainty 

surrounding the decision-making problem. However, it cannot model the relationships among the 

criteria and their possible future situations. And robustness analysis, which is able to handle one 

aspect of the complexity, the number of the criteria, scenarios, etc., does not consider the criteria 

interrelationships. Hence, we believe that applying a combinational approach addressing all the 

above constraints is essential. 

 

As applying an inappropriate approach in the decision-making process leads to inaccurate results 

(Dinçer et al., 2019), choosing an approach that can deal with the uncertain environment and reduce 

its impact on outcomes (Chutia and Gogoi, 2018), and that covers complexity aspects will be 

effective. This situation forces us to combine some suitable approaches because any of the above 

ones consider one or two aspects of either complexity or uncertainty. The MCDM approaches fail 

to formulate the probable futures since decision-makers tend to give assessments according to their 

past experiences and knowledge (Lin and Wu, 2008), while they must consider the changing 

conditions of today’s environment (Azar and Sorourkhah, 2015). Due to human capacity 

constraints, scenario Planning cannot deal with complexity (Månsson, 2016). Robustness Analysis, 

which is more uncomplicated and more accessible than SCA to understand for the managers and 

participants (Namen et al., 2010), has some significant weaknesses (Sorourkhah and Edalatpanah, 

2021). It considers a small number of scenarios, is unable to deal with numerous criteria, and above 

all, fails to determine the results of some decisions in future scenarios. It should be said that the 

Matrix Approach to Robustness Analysis MARA (Sorourkhah et al., 2018, 2019) covers all the RA 

weaknesses but the relationships among the criteria. So, we will use a combination of the Matrix 

Approach to Robustness Analysis, MARA, and Fuzzy DEMATEL-based ANP, DANP, to address 

the weakness mentioned above. “MARA can deal with one aspect of complexity (numerous criteria, 

options, scenarios, etc.) and one aspect of uncertainty (future uncertainty), and FDANP can deal 

with another aspect of complexity (criteria interdependency) and another aspect of uncertainty 

(uncertainty of individual judgment). So, the proposed approach considers the dimensions of both 

complexity and uncertainty”. Robustness analysis, in fact, is an appropriate model to address future 

uncertainty because it analyzes options (decisions) according to the future situation of different 

criteria. The matrix approach can deal with a large number of criteria, scenarios and options at an 

appropriate time. And fuzzy DANP can handle the criteria interdependency and judgment 

vagueness. The proposed approach can be helpful in complex and uncertain environments where 

finding, analyzing and choosing the best option is challenging. 
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The proposed approach will be applied to a problem related to a decision-maker who wants to start 

a business in Ramsar, Iran. This case is an MCDM one with multiple elements (criteria, scenarios, 

etc.), interdependency among criteria, future uncertainty, vagueness of human judgments, and some 

options to be selected. In this regard, our paper is organized in the following arrangements. In 

Section 2, our methodology, including the mixture of MARA and FDANP, is described in detail. 

In Section 3, the methodology is applied to a case study, and the results are presented and compared 

with the previous study. Finally, conclusions are drawn in Section 4. 

 

2. Methodology 
To select the best option, we combine the MARA approach with FDANP, the process of which is 

illustrated in Figure 1. Accordingly, we need first to identify the main options, MOi, i=1,…,r, 

implying the result of choosing several predefined options Oj, j=1,…, m, as follows: 

MOi = Oj1
 Oj2

 …  Oji
, i = 1, … , r,                                                                                                                                  (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

Figure 1. The proposed model flowchart. 
 

 

In the next step, we need to define the scenario matrix S. The probable situations (states) of the 

criteria (indicators) determined by decision-makers will shape this matrix. The columns of the 

matrix S (Sci) show the number of scenarios, and its rows indicate a given situation of each indicator, 

𝑆 = [𝑆𝑐1, 𝑆𝑐2, … , 𝑆𝑐𝑞].                                                                                                                                                          (2) 

 

In the third step, for option Oj, decision-makers specify favorability (Oj+) and non-favorability (Oj-) 

conditions based on the different situations of the indicators displayed in the previous step. 

Afterward, the condition matrix C of the order n×2m can be defined as follows: 

𝐶 = [𝑂1
+, O1

−, 𝑂2
+, 𝑂2

−, … , 𝑂𝑚
+, 𝑂𝑚

−].                                                                                                                   (3) 
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Before the next step, we apply FDANP to gain the weights of environmental indicators and consider 

their interdependency as follows: 

 

Step 1. Building the fuzzy direct influence matrix (�̃�) with respect to Table 1. For the sake of 

brevity, we just introduce FDANP steps. For more details, if necessary, please see (Hamedi and 

Mehdiabadi, 2020; Karuppiah et al., 2020; Kim et al., 2021). 

 

 
Table 1. Verbal variables and the TFNs (Kim et al., 2021). 

 

Verbal variables (influence) No Low Medium High Very high 
Fuzzy numbers (0.0, 0.0, 0.25) (0.0, 0.25, 0.5) (0.25, 0.5, 0.75) (0.5, 0.75, 1.0) (0.75, 1.0, 1.0) 

 

 

Step 2. Deriving (�̃�) through normalizing (�̃�). 
Step 3. Generating the fuzzy total influence matrix (�̃�) defined as: 

�̃� = �̃�(𝐼 − �̃�)
−1

                                                                                                                                                                    (4) 

 

Step 4. Constructing the fuzzy unweighted supermatrix (�̃�𝑐). 

The fuzzy total influence relation matrix of criteria is expressed by (�̃�𝑐) in Eqn. (5): 

�̃�𝑐 = (𝑇𝑐
𝑙 , 𝑇𝑐

𝑚, 𝑇𝑐
ℎ).                                                                                                                                                                  (5) 

 

The normalized influence matrix for criteria assigned by (�̃�𝑐
𝛼) in Eqn. (6): 

�̃�𝑐
𝛼 = (𝑇𝑐

𝛼𝑙 , 𝑇𝑐
𝛼𝑚, 𝑇𝑐

𝛼ℎ).                                                                                                                                                        (6) 

 

Taking the transposition of normalized submatrixes, we will construct �̃�𝑐 in Eqn. (7): 

�̃�𝑐 = (𝑇𝑐
𝛼)′ = (𝑊𝑙 , 𝑊𝑚, 𝑊ℎ).                                                                                                                                         (7) 

 

Step 5. Determining the fuzzy weighted supermatrix (�̃�). 

Normalizing the fuzzy total influence relation matrix of clusters, (�̃�𝐷), we will obtain (�̃�𝐷
𝛼). Then, 

multiplying (�̃�𝐷
𝛼) and �̃�𝑐 , we will calculate the fuzzy weighted supermatrix (�̃�) in Eqn. (8): 

�̃�𝛼 = �̃�𝐷
𝛼 ⊗ �̃�𝑐                                                                                                                                                                       (8) 

 

Step 6. Determining the fuzzy influence weights (�̃�*). 

Reaching a stable supermatrix, �̃�𝛼can be raised to limiting powers in Eqn. (9): 

𝑙𝑖𝑚
𝑧→∞

(�̃�𝛼)
𝑧
.                                                                                                                                                                             (9) 

 

Step 7. Defuzzifying the fuzzy values. 

The Best Non-fuzzy Performance (BNP) defuzzification method is used in defuzzifying the fuzzy 

values into crisp values (Chen et al., 2008). The BNP of a triangular fuzzy number a = (l, m, u) can 

be expressed as: 

𝐵𝑁𝑃 = 𝑙 +
(𝑢−𝑙)+(𝑚−𝑙)

3
                                                                                                                                               (10) 

 

Now, in the last step of the MARA approach, we can define the robustness-debility matrix (Z). The 

columns of matrix Z corresponds to different scenarios (Sci), and its rows correspond to alternative 
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options (Oj). To determine the element (j,i) of matrix Z, we have to compare each scenario with the 

favorability (Oj+) and non-favorability (Oj-) condition matrix C. Accordingly, we will consider a 

positive score (equal to the indicator weight) for each compliancy of Sci with 𝑂𝑗
+and a negative 

score (equal to the indicator weight) for each compliancy of Sci, with 𝑂𝑗
−. Sum of these scores will 

be the element Zji. 

 

Next, using Eqn. (11), we can calculate the robustness (R) scores of the options (Rosenhead, 1980): 

𝑅𝑗 =
𝑛(𝑟)

𝑞
,                                                                                                                                                                             (11) 

 

in which n (r) indicates the number of positive elements of the jth row of the matrix Z and q shows 

the total number of the elements of the jth row. For the debility (D) scores, we have: 

𝐷𝑗 =
𝑛(𝑑)

𝑞
,                                                                                                                                                                             (12) 

 

in which n (d) indicates the number of negative elements of the jth row of matrix Z. 

 

Finally, for each main option MOi, the sum of the elements of R corresponding to the predefined 

options (see Eqn. (1)) determines the robustness level, and the debility level will be calculated in 

the same way. The best option has the highest robustness score. 

 

3. Case Study 
This study is related to a decision-maker who wanted to start a viable business in Ramsar, Iran. 

Because this problem has an MCDM structure, we applied the proposed method to solve the 

problem. Initially, she considered two main options: product business (MO1), including a tea 

manufacturing facility (O1) or producing artisanal handicrafts (O2), and service business (MO2), 

including cafeteria (O3), tourism (O4), or education service (O5). In step 1, we identified the main 

options based on the Eqn. (1) as follows: 

𝑀𝑂1 =  𝑂1 ⊕ 𝑂2,                                                                                                                                                                 (13) 

𝑀𝑂2 =  𝑂3 ⊕ 𝑂4 ⊕  𝑂5.                                                                                                                                                  (14) 

 

In step 2, we defined future scenarios according to different situations shown in Table 2. 

 

 
Table 2. Factors and different states of them. 

 

Factors Indicators Situations 

Economic 
Currency exchange rate Decrease (f11), Increase (f12) 

Inflation rate Less than %20 (f21), More than %20 (f22) 

Market 
Competition level Decrease (f31), Stability (f32), Increase (f33) 

Market size Increase (f41), Stability (f42), Decrease (f43) 

Environment 
Business environment Stability (f51), Worse (f52), Better (f53) 

International relations Stability (f61), Better (f62) 

 

 

Hence, based on Eqn. (2), the most probable scenarios are shown in matrix S: 



Sorourkhah & Edalatpanah: Using a Combination of Matrix Approach to Robustness Analysis … 
 

 

74 | Vol. 7, No. 1, 2022 

1 2 2 1 2 2 2 1 2 2

1 2 1 2 1 1 2 1 2 1

3 1 3 2 2 2 1 3 2 2
.

1 2 1 3 2 2 1 1 2 2

2 1 2 2 2 1 2 2 2 2

2 1 2 2 1 2 1 2 1 2

S

 
 
 
 

=  
 
 
 
 
   

 

In step 3, the decision-maker specified favorability or non-favorability conditions of every option 

shown in the condition matrix C: 

1 2 3 4 551 2 3 4

0 0 1 2 0 0 1 2 0 0

1 2 2 1 1 2 2 1 1 2

.1,2 3 1 2,3 1 2,3 1 2,3 1,2 3

1 2,3 1,2 3 1 2,3 1,2 3 1,2 3

1,3 2 0 0 1,3 2 0 0 1,3 2

0 0 2 1 2 1 2 1 2 1

o o o o o o o o o o

C

+ − + − + − + − + −

 
 
 

=  
 
 
 
 
 
   

 

In step 4, applying FDANP, we obtained the final weights. In this order, the decision-maker 

specified the crisp direct influence matrix A:  

0 2 1 2 2 3

3 0 3 4 2 1

1 1 0 3 2 1
.

1 2 4 0 3 1

1 2 4 4 0 1

4 4 3 3 2 0

A

 
 
 
 

=  
 
 
 
 
   

 

Consequently, according to Table 1, we determined the fuzzy direct influence matrix (�̃�): 

5 5 51 1 1 2 3 3 3 4 6

0 0 .25 .25 .5 .75 0 .25 .5 .25 .5 .75 .25 .5 .75 .5 .75 1

.5 .75 1 0 0 .25 .5 .75 1 .75 1 1 .25 .5 .75 0 .25 .5

0 .25 .5 0 .25 .5 0 0 .25 .5 .75 1 .25 .5 .75 0 .25 .5

0 .25 .5 .25 .5 .75 .75 1 1 0 0 .25 .5 .75 1 0 .25 .5

0 .25 .5 .25 .5

l m u m l m u m l m u mf f f f f f f f f f f f

A = .

.75 .75 1 1 .75 1 1 0 0 .25 0 .25 .5

.75 1 1 .75 1 1 .5 .75 1 .5 .75 1 .25 .5 .75 0 0 .25

 
 
 
 
 
 
 
 
 
   

 

Now, applying Eqn. (4-10), we obtained the final weights of the criteria shown in Table 3. 

 
Table 3. The criteria final weights (W*). 

 

Factor Currency Inflation Competition Market environment relations 

W* 0.15 0.16 0.19 0.20 0.17 0.13 
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In step 5, by comparing the matrices S and C, we can obtain matrix Z showing the Robustness and 

Debility scores of different options in every scenario: 

 

0.01 0.01 0.01 0.34 0.02 0.33 0.05 0.01 0.34 0.02

0.13 0.27 0.17 0.05 0.43 0.17 0.27 0.13 0.11 0.17

0.13 0.13 0.13 0.59 0.53 0.08 0.08 0.13 0.85 0.27

0.13 0.27 0.17 0.05 0.43 0.17 0.27 0.13 0.11 0.

B

− − − − − − −

− −

− − −

− − − − −

− − − −

− −

− − −

= − − − − − −

− − − −− −− −

,

17

0.13 0.27 0.13 0.21 0.24 0.85 0.08 0.13 0.08 0.51− −

 
 
 


−− − −


 
 
 − −−−   

 

Consequently, considering matrix Z and applying Eqn. (11 and 12), we have robustness and debility 

of the options, vectors R and D, as follows: 

 

R = [
3

10
   

5

10
   

4

10
   

5

10
   

7

10
]T

,
 

D = [
7

10
   

5

10
   

6

10
   

5

10
   

3

10
]T

 .
 
 

 

 

 
 

Figure 2. Robustness and debility of the options. 

 

 

As shown in Figure 2, option 5, education service, is the only robust one. Finally, according to the 

relations (13 and 14), the robustness and debility of the main options levels are depicted in Figure 

3. 
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Figure 3. Robustness and debility of the product and service business. 

 

 

Thus, as shown in Figure 3, the service business is more robust. To show our approach’s 

sensibleness and effectiveness, we compare it with the MARA approach introduced by Sorourkhah 

et al. (2019). For example, consider O1 as a single option the decision-maker has. The robustness 

and debility scores in 10 scenarios are shown in Table 4. (the first row is obtained according to the 

first row of matrix Z in step 5 and the next row according to the MARA approach). 

 

 
Table 4. Robustness and Debility of O1 under MARA and the proposed approach. 

 

Approach 1 2 3 4 5 6 7 8 9 10 R D 

FDANP - + - - - + + - - - 3/10 7/10 

MARA 0 0 0 - 0 + 0 0 - 0 1/10 2/10 

 

 

As shown in Table 4, by applying the proposed approach, we can determine the robustness or 

debility scores of O1 in all possible scenarios. In contrast, we can evaluate it in only three scenarios 

by applying the MARA approach. It shows that our approach can present more acceptable results. 

 

4. Conclusions 
Every decision-maker makes many simple decisions affected by a few elements surrounded by a 

stable environment. This kind of decision does not need any extra analysis or formulation. As the 

environment becomes more complex, uncertain, and ambiguous, better decisions are drawn when 

an appropriate structure of the problem and evaluation of the multi‐criteria nature of the problem 

is explicitly established (Ocampo et al., 2019). During the last years, a growing number of studies 

have investigated complexity (Kim et al., 2021). Complexity increases with the number of elements 

(criteria, scenarios, options, alternatives, etc.) and interdependencies (Tadić et al., 2014). MCDM 

can be helpful when we encounter a situation in which complexity increases (Hu et al., 2014; 

Arjomandi et al., 2021; Kavta and Goswami, 2021). Nevertheless, because this approach is not 

suitable for the fuzzy environment of the real world (Hu et al., 2018), so many researchers 

addressed incorporating the fuzzy set theory in ANP, DEMATEL, or both to deal with uncertainty 

and complexity (Ocampo et al., 2020). But, as mentioned before, these very approaches do not 

consider the most critical aspect of uncertainty, future uncertainty (Sorourkhah et al., 2019). 
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Scenario Planning (SP), Strategic Choice Approach (SCA), and Robustness Analysis (RA) are 

three different approaches that consider future uncertainty. Having some distinct advantages, none 

of them can deal with both aspects of complexity. Scenario planning (SP) often includes only three, 

four, or five scenarios; therefore, it can not deal with various criteria affecting the problem to 

address the first aspect of the complexity, numerous variables affecting the consequences of the 

decision. The strategic choice approach is reliable for handling uncertainty. However, it cannot 

model the relationships among the criteria and their possible future situations. And robustness 

analysis, which is able to handle one aspect of the complexity, the number of the criteria, scenarios, 

etc., does not consider the criteria interdependencies. 

 

The real-world situation, comprising increasing criteria and alternatives; the criteria 

interdependency; environmental changes affecting the structure of the organization; the vagueness 

of the verbal judgments; and increasing uncertainty about possible futures, forces the decision-

makers to consider these two critical elements, complexity and uncertainty, in their decision-

making approach (Sorourkhah and Edalatpanah, 2021). In this regard, we applied a combination of 

MARA and FDANP, which can consider numerous scenarios, criteria, and alternatives as well as 

the interdependency among criteria to address the complexity aspect, and the environmental 

uncertainty by examining the option performance among the different possible futures as well as 

the fuzzy nature of the problem owner's judgments to address the uncertainty aspect. Another 

advantage of our approach is that it is not time-consuming at all. Using the matrix approach allows 

us to receive the judgments of the decision-makers quickly and, unlike the classic robustness 

analysis approach, determine the situation of the whole decisions in all the future scenarios. 

Applying this method shows that option 5, education service, is the most robust. As education is 

vital to individuals for their personal and professional accomplishments (Baykasoğlu et al., 2013) 

and its need is constantly increasing (Su et al., 2016), this option seems reasonable. 

 

Finally, it should be said that some limitations of this study require further examination: for 

example, as the future scenarios are determined by decision-makers judgmentally, using a 

structured, scientific method, like artificial intelligence, can be helpful; As fuzzy set theory needs 

auxiliary information and pre-assumptions, like membership functions, to describe the degree of 

imprecision (Song et al., 2020), applying more acceptable approaches, like q-rung orthopair fuzzy 

Einstein model (Akram et al., 2021), can be helpful as well. And because in a decision-making 

process, uncertain factors influence decision-makers, we can apply the new entropy measure for 

Pythagorean Fuzzy Set (PFS) introduced by Wang et al. to determine attribute weights (Wang et 

al., 2021). Nevertheless, we believe that the most severe weakness of the proposed approach is that 

it cannot analyze quantitative data, precisely the financial results of each decision. In our future 

study, we are going to address this problem. 
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