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Abstract 

 

The nature of decision-making is commonly fashioned by uncertainty and vagueness due to 

lack of information and psychological biases of human beings. Many efforts have been made 

to cater this issue such the emergence of fuzzy set theory. Recently, the fuzzy set theory has 

been extended to spherical fuzzy sets (SFS) which generalize other forms of extension of fuzzy 

sets. The SFS consists of membership, non-membership and hesitancy grades, which are 

independent of each other, providing larger domains for decision-makers to assign such grades. 

SFS makes use of the three variables in its calculation as compared to only membership grade 

in the classical fuzzy set. In this paper, the performance of the SFS using simple additive 

weighting (SAW) and weighted product method (WPM) for ranking alternatives was 

compared. The developed models were illustrated using coffee shop selection in Jengka, 

Pahang based on six criteria: atmosphere, flavor, price, menu variety, service and location. The 

SAW and WPM models based on spherical fuzzy numbers were applied and compared in 

ranking three coffee shops. Further, sensitivity analysis was performed to validate the 

consistency and stability of the models by increasing and decreasing the criteria weights by 

50%. As a result, the developed models show unchanged ranking of alternatives (coffee shops) 

which highlights the stability of the models. Comparing the two models, the WPM model 

performs better than the SAW model since it produces smaller errors in terms of score functions 

when compared to the initial values. 

 

Keyword: Coffee shop selection, simple additive weighting, spherical fuzzy set, weighted 

product method  

 

Introduction 

 

The information is sometimes unclear during the decision-making process, which leads to 

uncertainty and vagueness. The use of crisp numbers in describing certain variables is less 

suitable as humans tend to exhibit hesitation due to lack of information and psychological 

biases (Aliev et al., 2021). Hence, the emergence of fuzzy set theory (Zadeh, 1965) helps to 

overcome this issue by allowing certain values in the interval [0,1] to describe a variable instead 

of using only 0 and 1 to represent the falsity and truth. 

Fuzzy set theory itself has shown extension into intuitionistic fuzzy set (IFS), 

Pythagorean fuzzy set and picture fuzzy set. Recently, Kutlu Gündoğdu and Kahraman (2019) 

introduced the concept of spherical fuzzy set (SFS) which generalizes other forms of extensions 

of fuzzy sets. The SFS consists of membership, non-membership and hesitancy grades, which 
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are independent of each other. This feature allows the decision-makers to express their 

judgement efficiently (Sharaf, 2021). For instance, the linear restriction of the membership and 

non-membership in the IFS leads to triangular preference domain. However, the restriction of 

the membership, non-membership and hesitancy grades in the SFS forms a spherical surface, 

which provides flexibility in expressing the preferences by decision-makers. 

The SFS has been applied in various fuzzy decision-making approaches such as simple additive 

weighting (SAW) (Kutlu Gündoğdu & Yörükoğlu, 2021),TOPSIS (Aydoğdu et al., 2023), 

ARAS (Aydoğdu & Gül, 2022), PROMETHEE (Akram et al., 2023), WASPAS (Wang et al., 

2022) and EDAS (Garg & Sharaf, 2022). Each of these approaches has its own strengths and 

weaknesses. The simple additive weighting (SAW) and weighted product method (WPM) 

exhibit the simplicity in evaluating the criteria weights and ranking the alternatives. 

 Fauzi et al. (2021) adopted the analytic hierarchy process (AHP) to determine the most 

preferred locations for coffee shop business by considering seven criteria which were rental 

rate, buildings, water supply, internet network, electricity supply, accessibility, and distances 

from offices. On the other hand, Purba et al. (2023) used TOPSIS method to determine the best 

coffee shop by taking into account five attributes which were price, service, flavor, facility and 

location. However, the crisp value was used to develop the TOPSIS method, which was 

incapable of handling uncertainty of decision-making. 

Furthermore, Hutagalung et al. (2023) developed VIKOR method to assess customers’ 

preferences of coffee shops in Medan, Indonesia. In their approach, the atmosphere, flavor, 

menu variety, price, facility and service were among the criteria in determining the customers’ 

preferences for a certain coffee shop. Again, the crisp valuation using the proposed VIKOR 

method was limited to uncertainty and vagueness among respondents. Recently, Windarto et 

al. (2024) adopted the preference selection index (PSI) approach to determine the best coffee 

shop considering five criteria, namely the food, beverages, service, entertainment and parking 

area. 

Hence, this paper adopts the simple additive weighting (SAW) and weighted product 

method (WPM) from Kutlu Gündoğdu and Yörükoğlu (2021) to rank coffee shops based on 

six criteria: atmosphere, flavor, price, menu variety, service and location. The two fuzzy 

decision-making methods used in this paper perform the calculations using spherical fuzzy 

numbers (SFN). 

The organization of this paper is summarized as follows: this section provides some 

background on the topic; Section 2 reviews some preliminaries related to the SFN; Section 3 

describes the proposed spherical SAW and WPM models; Section 4 illustrates the developed 

decision-making models for coffee shop selection; Section 5 discusses the obtained results and 

Section 6 concludes the paper. 

 

Preliminaries 

 

In this section, some basic concepts on the spherical fuzzy numbers (SFN) are reviewed as 

follows: 

 

Definition 1 (Kutlu Gündoğdu & Kahraman, 2019) 

A spherical fuzzy set in the universe of discourse U is represented by 

 ( ) , ( ), ( ), ( ) |  = A A AA x x x x x U  (1) 

where ( ) : [0,1], →A x U ( ) : [0,1], →A x U ( ) : [0,1], →A x U  and 

 
2 2 20 ( ) ( ) ( ) 1   .   + +   A A Ax x x x U  (2) 
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Next, some basic operations on the SFN are reviewed. 

 

Definition 2 (Kutlu Gündoğdu & Kahraman, 2019) 

Let ( ), ,  = A A AA  and ( ), ,  = B B BB  be two SFN and   be a non-negative scalar. Then 

(i) ( ) ( )( )2 2 2 2 2 2 2 2 2 2, , 1 1            = + − − + − −A B A B A B B A A B A BA B  (Addition) 

(ii) ( ) ( )( )2 2 2 2 2 2 2 2 2 2, , 1 1            = + − − + − −A B A B A B B A A B A BA B  

(Multiplication) 

(iii) ( ) ( ) ( )2 2 2 21 1 , , 1 1 1
  

     
 

 = − − − − − − − 
 

A A A A AA  (Scalar multiplication) 

(iv) ( ) ( ) ( )2 2 2 2, 1 1 , 1 1 1
  

     
 

= − − − − − − − 
 

A A A A AA  (Exponentiation). 

 

Sometimes, there are more than one decision-maker involved in the decision-making 

process. Hence, the aggregation of the decision-makers can be done using spherical weighted 

arithmetic mean (SWAM) which is defined below. 

 

Definition 3 (Kutlu Gündoğdu & Yörükoğlu, 2021) 

The spherical weighted arithmetic mean (SWAM) with respect to ( )1 2, ,..., = nw w w , where 

1 2 ... 1+ + + =nw w w , is defined by 

 

( )

( ) ( ) ( )

1 1 1 2 2

2 2 2 2

1 1 1 1

,..., ...

1 1 , , 1 1 .    
= = = =

= + + +

 
= − − − − − − 
 
 

   
i i i

i

i i i i i

n n n

n n n n
w w w

w

A A A A A

i i i i

SWAM A A w A w A w A

 (3) 

 

Converting the SFN into crisp values requires an approach called the defuzzification. 

In this paper, the score function will be used to quantify the SFN into crisp values. 

 

Definition 4 (Kutlu Gündoğdu & Yörükoğlu, 2021) 

Let ( ), ,  = A A AA . The score function of A is given by 

 ( ) ( ) ( )
2 2

3 0.5 0.5 .   = − − −A A A AS A  (4) 

 

Proposed Fuzzy Decision-Making Model 

 

The fuzzy decision-making model developed in this paper consists of two parts: the criteria 

evaluation and ranking of alternatives. The criteria are evaluated using simple additive 

weighting (SAW), meanwhile the alternatives are further ranked using weighted product 

method (WPM). The detailed steps are as follows: 

 

Step 1: Obtain the decision-makers’ preferences on each criterion and convert them into 

SFN in accordance with Table 1. 
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Table 1 Linguistic terms and their corresponding spherical fuzzy numbers (Kutlu Gündoğdu 

& Yörükoğlu, 2021) 

Linguistic Terms Spherical fuzzy numbers 

Extremely important / Extremely good (0.9,0.1,0.1) 

Very strongly important / Very strongly good (0.8,0.2,0.2) 

Strongly important / Strongly good (0.7,0.3,0.3) 

Moderately important / Moderately good (0.6,0.4,0.4) 

Fair (0.5,0.5,0.5) 

Moderately not important / Moderately bad (0.4,0.6,0.4) 

Strongly not important / Strongly bad (0.3,0.7,0.3) 

Very strongly not important / Very strongly bad (0.2,0.8,0.2) 

Extremely not important / Extremely bad (0.1,0.9,0.1) 

 

Step 2: Aggregate the opinions using the SWAM operator defined in Eq. (3). 

 

Step 3: Defuzzify the SFN representing each criterion using the score function defined in 

Eq. (4) to obtain the weight. 

 

Step 4: Normalize the weight of each criterion using the formula in the following. 

 
( )

( ) ( ) ( )1 2 ...
 =

+ + +i

i

A

n

S A

S A S A S A
 (5) 

 where 
iA  is the normalized weight of criterion iA  while ( )iS A  is the weight of 

criterion iA  defuzzified using the score function. 

 

Step 5: Construct the decision matrices on m alternatives with respect to n criteria and 

convert them into SFN by referring to Table 1. 

 

Step 6: Aggregate the decision matrices from all decision-makers using the SWAM operator 

defined in Eq. (3). 

 

Step 7: Compute the spherical weight of each alternative using simple additive weighting 

(SAW) and product weighting method (WPM) defined in Eq. (6) and (7), 

respectively. 

 ( ) ( )
1

, ,    1,...,
j

n

i ij ij ij A

j

SAW Alt i m   
=

=   =   (6) 

 ( ) ( )
1

, ,    1,...,
Aj

n

i ij ij ij

j

WPM Alt i m


  
=

=  =  (7) 

 where iAlt  is i-th alternative, ( ), ,ij ij ij    is the aggregated SFN representing the 

evaluation on the i-th alternative with respect to j-th criterion, and 
jA  is the 

normalized weight of criterion jA . 

 

Step 8: Defuzzify the spherical weights of the alternatives using Eq. (4) and rank the 

alternatives from the highest value to the lowest value. 
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Illustrative Example 

 

For illustrating the developed fuzzy decision-making model, the coffee shop selection in 

Jengka, Pahang is considered as a case study. This study involved 5 decision-makers, with 

different levels of coffee enthusiasm. The decision-makers were required to rate their level of 

enthusiasm using linguistic terms “extremely unlike”, “very strongly unlike”, “strongly 

unlike”, “moderately unlike”, “fair”, “moderately like”, “strongly like”, “very strongly like”, 

and “extremely like”, as shown in Table 2. Note that for quantifying each linguistic term in 

Table 2, the variables “extremely unlike” to “extremely like” are assigned values from 1 to 9, 

respectively. Hence, the weightage of each decision-maker is obtained by finding its ratio to 

the total crisp values. For example, DM1 expressed “extremely unlike”, in which the crisp 

value is 1, which is then divided by total values of 29, resulting in 0.034 as his/her weight. 

 

Table 2 Level of enthusiasm towards coffee of decision-makers 

 DM1 DM2 DM3 DM4 DM5 Total 

Linguistic 

terms 

Extremely 

unlike 

Very 

strongly 

like 

Moderately 

like 

Extremely 

like 

Fair - 

Crisp 

value 

1 8 6 9 5 29 

Weights 0.034 0.276 0.207 0.301 0.172 1 

 

Next, the evaluation on the criteria in selecting the coffee shops was done. The involved 

criteria were atmosphere (A1), flavor (A2), price (A3), menu variety (A4), service (A5) and 

location (A6). Table 3 represents the SFN for the criteria from five decision-makers. 

 

Table 3 Criteria evaluation using SFN 

 A1 A2 A3 A4 A5 A6 

DM1 (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) 

DM2 (0.7,0.3,0.3) (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) 

DM3 (0.7,0.3,0.3) (0.7,0.3,0.3) (0.8,0.2,0.2) (0.9,0.1,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1) 

DM4 (0.7,0.3,0.3) (0.9,0.1,0.1) (0.6,0.4,0.4) (0.8,0.2,0.2) (0.9,0.1,0.1) (0.8,0.2,0.2) 

DM5 (0.9,0.1,0.1) (0.9,0.1,0.1) (0.8,0.2,0.2) (0.8,0.2,0.2) (0.9,0.1,0.1) (0.7,0.3,0.3) 

 

Next, the aggregation of the SFN, calculated using Eq. (3) and is represented in Table 

4 together with their score functions and normalized weights. 

 

Table 4 Aggregation of SFN, score function and normalized weight 

Criteria Aggregation Score Function Normalized Weight 

A1 (0.764,0.239,0.252) 4.684 0.130 

A2 (0.876,0.126,0.136) 6.546 0.182 

A3 (0.804,0.200,0.222) 5.292 0.147 

A4 (0.861,0.140,0.145) 6.298 0.175 

A5 (0.900,0.100,0.100) 7.020 0.195 

A6 (0.852,0.150,0.160) 6.120 0.170 

 

Upon obtaining the normalized weights of criteria, three coffee shops in Jengka (Alt1, 

Alt2 and Alt3) were ranked using simple additive weighting (SAW) and weighted product 

method (WPM). The aggregated decision matrix is represented by Table 5. 
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Table 5 Criteria evaluation using SFN 

 Alt1 Alt2 Alt3 

A1 (0.69,0.31,0.33) (0.77,0.24,0.26) (0.76,0.25,0.27) 

A2 (0.56,0.44,0.45) (0.57,0.47,0.30) (0.78,0.22,0.24) 

A3 (0.54,0.47,0.41) (0.46,0.55,0.40) (0.69,0.31,0.32) 

A4 (0.66,0.34,0.36) (0.66,0.35,0.32) (0.69,0.31,0.32) 

A5 (0.72,0.29,0.30) (0.62,0.41,0.28) (0.85,0.15,0.16) 

A6 (0.71,0.30,0.30) (0.59,0.41,0.42) (0.81,0.20,0.24) 

 

Next, the spherical fuzzy weights were calculated using the SAW and WPM, and their 

score functions are evaluated as shown in Table 6. 

 

Table 6 Spherical fuzzy weights and their score functions 

 Simple Additive Weighted (SAW) Weighted Product Method (WPM) 

 Spherical fuzzy weight Score 

function 

Spherical fuzzy weight Score 

function 

Alt1 (0.66,0.35,0.36) 3.166 (0.64,0.37,0.37) 3.004 

Alt2 (0.62,0.40,0.33) 2.840 (0.60,0.42,0.34) 2.621 

Alt3 (0.78,0.23,0.25) 4.858 (0.77,0.24,0.26) 4.682 

 

Results and Discussion 

 

The alternatives were ranked based on the score functions, in which the alternative with the 

highest value is the most preferred coffee shop among the decision-makers. In reference to 

Table 6, the ranking of coffee shops using the spherical SAW and WPM is as follows: 

3 1 2Alt Alt Alt . 

To validate the consistency and stability of the developed decision-making model, the 

sensitivity analysis was performed by changing the weights of selected criteria. In this situation, 

the weights of criteria with the highest weightage (A5) and lowest weightage (A1) increase and 

decreases, respectively, by 50%. For this purpose, Eq. (8) is adopted from Memariani et al. 

(2009). 

 

            if                         

1
    if    , 1,2,...,

1

j k

j k
j

k

j k

j k j m

 

 




+ =


 =  −
 =  − 

 (8) 

where j  is the initial weight of the j-th criterion, j   is the new weight of the j-th criterion, 

and k  is the increment or decrement of weight. 

Tables 7 and 8 display the score functions of alternatives obtained after increasing and 

decreasing the criteria weight up to 50% for the SAW and WPM models, respectively. 

 

Table 7 Results of sensitivity analysis for SAW model 

 Increasing weight of A1 Decreasing weight of A5 

 10% 20% 30% 40% 50% 10% 20% 30% 40% 50% 

Alt1 3.203 3.239 3.274 3.310 3.345 3.183 3.200 3.217 3.233 3.250 

Alt2 2.896 2.952 3.006 3.061 3.115 2.864 2.888 2.912 2.936 2.959 

Alt3 4.887 4.915 4.943 4.971 4.999 4.882 4.905 4.928 4.951 4.974 
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Table 8 Results of sensitivity analysis for WPM model 

 Increasing weight of A1 Decreasing weight of A5 

 10% 20% 30% 40% 50% 10% 20% 30% 40% 50% 

Alt1 2.981 2.958 2.935 2.913 2.891 2.976 2.948 2.921 2.894 2.867 

Alt2 2.609 2.597 2.585 2.573 2.561 2.600 2.580 2.559 2.538 2.518 

Alt3 4.649 4.616 4.584 4.552 4.520 4.660 4.639 4.617 4.596 4.575 

 

Even the criteria weights are increasing or decreasing up to 50%, the developed SAW 

and WPM models maintain their consistency in producing the ranking of alternatives since the 

initial ranking is not changed. This result highlights the stability of the models in evaluating 

criteria weights and ranking the alternatives. However, comparing these results to the initial 

score functions obtained in Table 6 highlights that the WPM model performs better than the 

SAW model. Comparing the average deviation of each value from Table 7 and Table 8 using 

the mean square error, the SAW model produces an average error of 0.0120, meanwhile the 

WPM model produces an average error of 0.0061, which is much smaller than the SAW. 

 

Conclusion 

 

The simple additive weighting (SAW) and weighted product method (WPM) exhibited 

simplicity in fuzzy decision-making. This feature allowed ranking of alternatives in efficient 

and optimal time. The integration of the two approaches with spherical fuzzy sets (SFS) 

enhanced the handling of uncertainty and vagueness among decision-makers. This is due to the 

fact that SFS has larger domains of hesitancy and is independent of the membership and non-

membership grades. Based on these aforementioned facts, this paper successfully implemented 

the spherical SAW and WPM approaches in determining the best coffee shops in Jengka, 

Pahang. Among the six criteria evaluated, service was the most preferred criterion in selecting 

a certain coffee shop, followed by flavor, menu variety, location, price, and atmosphere. The 

sensitivity analysis was performed by increasing and decreasing the criteria weights up to 50% 

and the results showed that the implemented approaches produced stable ranking of coffee 

shops. In fact, the WPM model performed better than the SAW model since it produced smaller 

errors in terms of score functions when compared to the initial values. In the future, other fuzzy 

multi-criteria decision-making approaches such as WASPAS, EDAS and ARAS can be adopted 

to assess customers’ preferences in selecting the best coffee shops. 
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