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Abstract: In international trade, exporters prefer to receive payments as quickly as possible, and importers want to make payments as late as possible. In this respect, the payment field, an essential condition for trade transactions, also represents the positions of exporters and importers conflict. In addition, there are many cases in which various variables must be considered rather than only one specific variable representatively affecting payment, particularly in the case of import-export Small and Medium-Sized Enterprises (SMEs) from emerging countries. A selection of proper payment methods can be categorized as a Multi-Criteria Decision-Making (MCDM) issue. Therefore, this study aims to propose a novel and efficient Spherical Fuzzy Weighted Aggregated Sum Product Assessment based Entropy Objective Weighting method (SF-EW and WASPAS-SF) to evaluate international payment methods with uncertain information. First, SF-EW model is applied to determine the relative weights of critical factors. Second, international payment method alternatives are prioritized by the WASPAS-SF approach. Five essential factors for four international payment methods are proposed based on experts’ opinions and the existing literature. A real-world case study from Vietnamese import-export SMEs is presented to validate the applicability of the proposed framework. The results indicated that “Characteristics of payment method (PA)” had the most significant impact on international payment method selection. In comparison, “Letters of Credit (L/C)” was the most reliable payment method with the highest ranking available to international traders. Furthermore, a sensitivity analysis was performed to examine the validity and robustness of the proposed decision support model. Consequently, this study could contribute to international payment services and in the context of globalization and international trade.
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1  Introduction

In the current trend of globalization of the economy and international trade, the international payment activities of commercial banks are a vital component in the process of concluding a foreign trade agreement [1]. International payment activities also boost the bank's external relationships, increase its competitiveness, improve its international reputation, and, as a result, exploit funding sources from foreign banks and capital sources in the international financial market to meet the bank’s capital needs.

In Vietnam, the banking system is divided into state banks and commercial banks. Currently, nine state-owned banks are divided into state-owned commercial banks, policy banks, and joint-stock commercial banks with state capital more significant than 50%, typically Vietcombank, Vietnam Development Bank, Agribank. Commercial banks based on ownership form will be divided into five types, including state-owned commercial banks, joint-stock commercial banks, joint venture banks, foreign banks based in Vietnam, and commercial banks with 100% capital overseas [2]. In international payments (IP), the banking services provided include export payments offered to exporters, import payments served to importers, and cross-border payment is a payment solution for businesses that buy and sell goods with Chinese partners [3].

For each IP method, the bank will have different obligations and responsibilities. For Cash in Advance and Open Account methods, the bank will act as a payment intermediary to transfer money to related parties. For Document Collection, the bank is both a payment intermediary and must send documents to the importer. For Letter of Credit (L/C), besides the above tasks, the bank must also ensure payment to the exporter and check the documents for any discrepancy decide to pay [4]. In recent years, the growth rate of international payment methods at Vietnamese commercial banks has changed significantly. According to statistics of several banks, the proportion by Cash in advance tends to increase, while the proportion of payment by L/C tends to decrease. Specifically, there are several principal forms of payment: international remittance, trade finance including L/C and collection, and border payment [5]. The gradual shift to cash in advance payment can help businesses save costs compared to using safer payment methods through banks, such as collecting documents and paying by L/C. The Vietnamese importer had to ask the bank to issue the L/C, even a confirmed L/C for payment from the initial distrust. Analysis of the current situation of using international payment methods at Vietnamese commercial banks shows that using money transfer and collection is increasing. The payment method by L/C tends to decrease shortly.

However, there are several intricacies regarding the geographical distance between the parties, differences in time zones, and currencies. This has resulted in the development of specialized payment methods to cater to the needs of international payments [6]. Recognizing and avoiding biased judgments and choices during the choosing process of international payment methods is not an easy undertaking for decision-makers (DMs) because of involves many potential criteria. Multi-criteria decision-making (MCDM) procedures are unquestionably beneficial for boosting the dependability of selections and reducing the subjective nature of made decisions [7]. It is vital to develop decision-making tools and procedures that can deal with this level of complexity. MCDM techniques facilitate the evaluation and selection of the optimal alternative based on a set of criteria.

Among popular MCDM models, entropy is simpler and more suitable for criteria with strong independence than similar weighting methods like the maximum deviation method and correlation coefficient method [8]. The WASPAS method has been applied in various real-world problems. WASPAS is known as an integration of simple additive weighting (SAW) and weighted product model (WPM) through (λ) parameter and therefore, it is the fact that a joint generalized criterion of weighted aggregation of the methods increases the ranking reliability [9]. Compared to other methods, WASPAS is a relatively novel and straightforward MCDM method that has been widely expanded in various doctrines. In addition to its simplicity, WASPAS uses the concept of ranking accuracy and is more accurate than WSM and WPM. To reduce imprecise information and vague judgments, there have been various extensions of WASPAS with numerous developments of fuzzy sets, which are widely employed in the literature. Even though numerous studies have utilized MCDM models and Spherical fuzzy sets to address real-world problems, no study has applied the Entropy and WASPAS framework to prioritize international payment methods in emerging markets countries. Therefore, the main objective of this study is to propose a practical approach for evaluating and selecting international payment methods under uncertain business environments. This research is conducted by identifying critical factors of international payment methods in import-export activities in the context of Vietnamese SMEs and ranking international payment methods using a novel MCDM framework-based Spherical fuzzy set.

The contributions are three-fold in this study. First, this research aims to construct a robust integration of SF-EW and WASPAS-SF to support stakeholders of import-export SMEs in selecting international payment methods. All critical criteria affecting the selection process of international payment methods were defined by experts’ opinions and based on the literature review. The SF-EW was utilized to calculate criteria weights under uncertain circumstances and qualitative judgments. The WASPAS method ranked all widely used methods in terms of international payment. The implementation, via the use of a case study, demonstrates the feasibility of the proposed paradigm. Additionally, the combined model can be investigated in conjunction with other models to broaden the range of outcomes. The suggested Spherical fuzzy MCDM model will aid academics and decision-makers in determining the ideal payment service in international trade while considering critical factors. Additionally, the prescribed approach and outcomes in this study can inform similar international payment method selection processes in other nations and businesses.

2  Literature Review

2.1 Literature Review on MCDM Methods

Many attempts in the realm of international trade have been made. Receiving payments against export from the overseas buyer on time is a requirement for sustainable export. The form of payment utilized for a particular transaction has an enormous impact on whether the payment is received on time. Other factors can also have an impact on payment. The most essential is the possible risk and expense that the exporters and importers are willing to incur or share. Various extensions, such as Pythagorean fuzzy sets, intuitionistic fuzzy sets, neutrosophic sets, hesitant fuzzy sets, and so on, are developed in the literature to address the shortcomings of existing definitions of fuzzy sets. The entropy weighting approach is used to derive objective weights of decision qualities or the importance of DMs indicating their level of expertise. They are helpful when subjective weight evaluation is not sought or required. It is demonstrated that the WASPAS-SF technique based on the entropy method is highly robust because the novel entropy measure does not often produce an undesirable ranking solution. Wang [10] proposed combining the Decision-Making Trial and Evaluation Laboratory Technique (DEMATEL) with the Analytic Network Process (ANP) to handle dependence and feedback difficulties and to choose an acceptable international interactive trade. Chiao et al. [11] used the fuzzy analytic hierarchy process (FAHP) to evaluate account receivable collection instruments by examining four collection alternatives: L/C, Documentary collection, Prepayment, and Open Account in the case of Taiwan. Recently, Surucu-Balci [12] utilized interpretative structural modeling and Cross-Impact Matrix Multiplication Applied to Classification analyses to investigate the relationships between blockchain adoption barriers and identify the critical stakeholders for blockchain adoption in containerized international trade. A few research, however, used the WASPAS technique in their analyses. Lescauskiene et al. [13] introduced VASMA weighting with WASPAS-SVNS integration to discover subjective weights and entropy for objective weights. Kutlu Gündoğdu et al. [14] proposed extending the classic WASPAS approach to the spherical fuzzy WASPAS (WASPAS-SF) method and applying it to an industrial robot selection problem. Ayyildiz et al. [15] applied the spherical fuzzy AHP-integrated spherical WASPAS method to determine the optimal petrol station location in the case of Istanbul. Keshavarz-Ghorabaee et al. [16] developed a novel system for evaluating green building suppliers based on WASPAS, SMART, and Fermatean fuzzy sets. Nguyen et al. [17] applied a hybrid Spherical Fuzzy AHP and Fuzzy WASPAS model to assist stakeholders such as governors and policymakers in prioritizing governmental interventions in response to the COVID-19 epidemic. Gul et al. [18] introduced a modified failure modes and effects analysis using the interval-valued spherical fuzzy extension of technique for order preference by similarity to ideal solution (TOPSIS) method, with a case study in a marble manufacturing facility. Sharaf et al. [19] proposed a spherical fuzzy TODIM (an acronym in Portuguese for iterative MCDM) for green occupational health and safety equipment supplier selection. Bakır et al. [20] employed an integrated fuzzy Pivot Pairwise Relative Criteria Importance Assessment (F-PIPRECIA) and fuzzy Measurement Alternatives and Ranking according to the Compromise Solution (F-MARCOS) approach for the regional aircraft selection with a case study of the Turkish airline industry.

To summarize, there is a lack of MCDM applications in general, precisely the spherical fuzzy entropy-based WASPAS-SF method in studying international trade and payment methods, and a lack of studies on factors influencing payment terms choice of ranking methods for payment terms selection. To the best of our knowledge, there is no study using a combination of Entropy and WASPAS based Spherical fuzzy to solve the MCDM problems in the case of international trade, particularly in the context of import-export SMEs from Vietnam. Aside from the fact that selection criteria for foreign payment methods are qualitative, articulating criteria for a method’s capabilities in different values is tricky. This work aims to fill a research gap by using an MCDM technique with Spherical fuzzy sets to find relevant elements of international payment methods. Beyond that, we propose rankings of payment methods to assist Vietnamese import-export businesses in determining the appropriate payment options. The proposed extension approach is used with spherical fuzzy numbers in this study. So far, no evidence of the SF-EW and WASPAS studies’ usefulness in the field of international payment method selection has been produced. This conclusion suggests that the proposed method’s capabilities could be tested in import-export activities and other sectors.

2.2 Literature Review on International Payment Methods

The choice of international payment methods will directly affect the interests of exporters and importers. Therefore, for international trade and international payments, businesses need to research their partners before transacting carefully, and businesses must consider carefully before choosing a payment method fit. Risks in international payment activities are economic risks arising in conducting international payment activities. Many factors can happen between when a transaction is completed and when the money is expected to be received, making international transactions less stable, safe, transparent, or reliable than domestic transactions [21]. It occurs due to causes arising from the relationship between the parties to international trade (exporters, importers, banks, organizations, individuals, and intermediaries). Like risks in domestic, commercial transactions, but more complicated due to geographical distance, differences in culture, laws. Recently, Hoefele et al. [22] empirically investigated the selection of different payment alternatives by using firm-level data from developing nations. Their findings showed that payments are made after delivery when financing costs are high and contract enforcement is low in the source country. Also, it has been proved that industry complexities could influence the importance of contract enforcement and financing costs when making a contract choice. Based on a comprehensive literature review, Binet et al. [23] established a framework for qualifying payment in international trade. The agreement’s subsequent findings indicated that it might be viewed as a payment for ecosystem services. The EU spent money to conserve local fish resources that its fishing fleet could exploit.

Moreover, it paves the way for further payment applications for ecosystem service schemes in various ecosystem contexts and is a valuable alternative source of funding for marine biodiversity conservation. Hwang et al. [24] examined factors affecting the significant change in export payment terms in Korea from 1997 to 2015. The study concluded that growing global competitiveness, higher exports of information technology products and intra-firm trade, and developments in information and communication technology would all result in a decline in the share of L/C terms in overall exports over the long run. Zhou et al. [25] discussed global payment risks in private SMEs in Zheijiang, China, investigating the reasons for increasing international payment risks from a cultural perspective, then offered recommendations for the better management of payment risks during the post-crisis period.

Document collection method (X1): It is more advantageous for the exporter because the bank has taken over the role of the exporter in controlling the items through documentation. The importer must pay or agree to pay to receive the necessary documentation to receive the goods [26]. Documentary collections are more convenient to use than Letters of Credit, and bank fees are typically lower. However, this method has the disadvantages of not guaranteeing the seller’s interests because the payment depends on the buyer’s wishes and slow payment speed. The banks act merely as intermediaries to facilitate payment for a shipment [27].

Open account method (X2): It is entirely beneficial for the importer, who only must pay when the goods or services have been received or even when the goods and services have been consumed. The exporter shall bear the risk of delay in payment or incomplete payment by the importing party. The seller’s capital is stagnant until the buyer receives the goods, sometimes encountering the buyer’s non-payment because the buyer did not need to issue any promissory notes in the first instance [28].

Letters of credit method (X3): In international goods sale and purchase activities, the payment method of letter of credit has transferred the payment responsibility from the importer to the bank to ensure that the exporter delivers and receives money safely quickly. Importers receive the shipping invoice on time [29]. Therefore, to a certain extent, L/C is a payment method that balances the interests of both exporters and importers and resolves conflicts of distrust of both parties. However, in applying the Letters of Credit method, there are still some risks for import and export enterprises. In case the exporter presents a set of documents that do not conform to the L/C, any payment may be refused, and the exporter will have to deal with it himself by uploading, storing, and auctioning, etc., until the problem is resolved, or the goods must be shipped back to the country. The exporter must pay overdue storage, storage fees, insurance for goods, etc. Besides, the bank only checks for the apparent validity of such documents; there is no guarantee to the importer that the goods will be by the contract in quantity, type and undamaged, etc. In this case, the importer still must refund the total amount paid to the issuing bank.

Cash in advance method (X4): This is regarded as the most secure and risk-free mode of international commerce for the seller, as money is received before dispatch. However, it will be very disadvantageous to the buyer if the money transfer is completed, the seller goes bankrupt or delivers the goods with the wrong quantity, type, poor quality, or does not guarantee the delivery time as agreed [30]. The importer rarely chooses cash in advance unless the seller is fortunate, has unique or high-demand products, or the buyer is unknown from an unstable country.

2.3 Proposed Criteria Affecting Payment Method Selection in International Trade

Numerous studies describe international trade. However, research on the factors affecting the decision to choose a payment method is quite modest. First, Petersen [31] showed that the criteria related to the relationship between importers and exporters should be evaluated. This criterion is also considered by Agbonika [32], and the author further highlighted another important aspect, namely product characteristics. Becker [33] indicated that businesses should consider carefully when choosing a payment method for custom-made items that are specialized goods. For example, suppose this is one of the unique products, not for everyone. In that case, it is difficult for businesses to find alternative partners when the importer refuses to receive the goods using documentary collections.

On the other hand, when analyzing payment methods for importers, Laurel Delaney [34] pointed out that for this factor, businesses should consider more about product consumption in the country they import, whether customer demand is significant or not. As such, exporters may be willing to be more flexible with payment terms. Specifically, the exporter can allow the importer to pay a part in advance or extend the payment period if a potential partner needs time to recover capital when processing a large shipment. Aside from the item’s quality, the value of the transaction is also mentioned. In this study, five critical criteria are proposed based on the literature review and experts’ opinions in the context of Vietnamese import-export SMEs.

Type of goods (GO): Depending on the type of import and export goods, enterprises will choose different payment methods following their specific characteristics. Businesses can consider simple payment methods for goods that are easy to trade on the market. The complicated nature of commodities, on the other hand, has an impact on the decision to choose the method of enterprise [35]. For items with a high level of intricacy (i.e., machinery and equipment, production lines), sometimes it is necessary to use binding methods or mix different methods. In addition, the parties also need to understand the value of the shipment; if the shipment is of high value, it is also necessary to use payment methods with high safety and low risk. Furthermore, the seasonality of the product and the preferences of the consumer should be considered. Specifically, suppose the delay in the transaction time can affect the quality of the goods. In that case, the importer will consider choosing a method with guaranteed delivery time, or if the product has an essential change in price in the market, the field will make the parties decide to choose a complex and highly secure method.

Opinions and requirements of external parties (EX): External parties impact companies as they decide which international payment method to use. Specifically, companies know that the bank is a neutral third party with sufficient expertise and experience to choose an appropriate payment method. As a result, the bank will provide guidance and suggestions during trade, significantly affecting the trader’s judgment [36]. In terms of other aspects, although the import-export trader decides the payment method, it is not always accepted by the bank because the customer does not meet some bank regulations. Typically, about credit requirements, if their business wants to open an L/C, but currently the credit requirements of the business cannot be met, it cannot open an L/C, the import-export trader must switch to another payment method [37].

Political-economic situation of partner (MA): Import and export is a typical activity in foreign trade; one country and another will exchange goods or services. Every foreign market has its characteristics. Therefore, the parties need to raise questions about the political and economic conditions within the importer and exporter’s nationals [38]. When conducting international trade, the parties need to pay attention to the political situation in each country. Issues related to import and export policies, or tariff barriers should be carefully considered. Moreover, increased import and export activities create great value of goods and materials for each country. Based on tax policies, tax collection from these import and export activities also increases over time, playing a significant role in the state budget. In addition, the economic growth rates of different countries vary significantly [30].

Relationship between the two parties (RE): The relationship between the exporter and the importer is built on the time and frequency of cooperation; the reliability will be high if the two parties have had a long-term cooperation relationship or if the two parties have never incurred any violations in the payment or delivery process in the previous cooperation process [38]. Clients with a high reputation level may also give their partners a certain amount of trust when dealing with new customers. From the standpoint of the exporter, with a low degree of trust, usually choose the method of cash in advance or documentary credit to ensure payment to avoid the possibility of the buyer misappropriating the seller’s capital during the payment process, the buyer misappropriated the seller’s capital, slows down, or lacks payment, even refuses to pay. Thus, it is critical to carefully analyze the payment options available to reduce payment risk for organizations [31].

Characteristics of each payment method (PA): When choosing a suitable payment method for businesses, the characteristics of each method are a factor that businesses cannot ignore [39]. Because each method has its advantages and disadvantages, characteristics for each party, however, common issues can be mentioned, such as the cost when choosing this method, the level of risk faced, the interests of the transaction participants are guaranteed or not or the speed of payment processing when using this method. These characteristics all influence the choice decision of the business [38].

3  Methodology

3.1 Basic Operations of Spherical Fuzzy Sets

Kutlu Gündouğdu et al. [40] suggested Spherical Fuzzy Sets (SFS) as the newest development of the fuzzy sets with each spherical fuzzy number including the membership, non-membership, and hesitancy function belonging to the interval [0,1] (Fig. 1).
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Figure 1: Geometric representations of SFS

Definition 1: SFS is presented as F~S:

F~S={x,(αF~S(x),βF~S(x),γF~S(x))|x∈X}(1)

where F~S denotes a spherical fuzzy set of the universe X.

αF~S(x):X→[0,1],βF~S(x):X→[0,1],γF~S(x):X→[0,1](2)

0≤αF~S2(x)+βF~S2(x)+γF~S2(x)≤1(3)

with ∀x∈X, for each x, αF~S(x),βF~S(x) and γF~S(x) denote for membership, non-membership, and hesitancy levels of x to F~S, respectively.

Definition 2: Let F~S=(αF~S,βF~S,γF~S) and E~S=(αE~S,βE~S,γE~S) be two SFSs. Some arithmetic operations of SFS are presented as follows.

Union

F~S∪E~S={max{αF~S,αE~S},min{βF~S,βE~S},min{(1−((max{αF~S,αE~S})2+(min{βF~S,βE~S})2))0.5,max{γF~S,γE~S}}}(4)

Intersection

F~S∩E~S={min{αF~S,αE~S},max{βF~S,βE~S},max{(1−((min{αF~S,αE~S})2+(max{βF~S,βE~S})2))1/2,min{γF~S,γE~S}}}(5)

Addition

F~S⊕E~S={(αF~S2+αE~S2−αF~S2αE~S2)0.5,βF~SβE~S,((1−αE~S2)γF~S2+(1−αF~S2)γE~S2−γF~S2γE~S2)0.5}(6)

Multiplication

F~S⊗E~S={αF~SαE~S,[((βF~S)2+β(E~S)2−β(F~S)2β(E~S2))]0.5,[((1−βE~S)2)γ(F~S)2+(1−β(F~S)2)γ(E~S)2−γ(F~S)2γ(E~S2)]0.5}(7)

Multiplication by a scalar; σ>0

σ.F~S={(1−(1−αF~S2)σ)0.5,βF~Sσ,((1−αF~S2)σ−(1−αF~S2−γF~S2)σ)0.5}(8)

Power of FS;σ>0

F~Sσ={αF~Sσ,(1−(1−βF~S2)σ)0.5,((1−βF~S2)σ−(1−βFS2−γF~S2)σ)0.5}(9)

Definition 3: For these SFSs F~S=(αF~S,βF~S,γF~S) and E~S=(αE~S,βE~S,γE~S), the followings are valid under the condition σ,σ1,σ2>0.

F~S⊕E~S=E~S⊕F~S(10)

F~S⊗E~S=E~S⊗F~S(11)

σ(F~S⊕E~S)=σF~S⊕σE~S(12)

σ1F~S⊕σ2F~S=(σ1+σ2)F~S(13)

(F~S⊗E~S)σ=F~Sσ⊗E~Sσ(14)

F~Sσ1⊗F~Sσ2=F~Sσ1+σ2(15)

Definition 4: Spherical weighted arithmetic mean (SWAM) concerning w=(w1,w2,…,wn); wi∈[0,1]; ∑i=1nwi=1, SWAM is defined as follows.

SWAMw(F~S1,…,F~Sn)=w1F~S1+w2F~S2+…+wnF~Sn={[1−∏i=1n(1−αF~Si2)wi]0.5,∏i=1nβF~Siwi,[∏i=1n(1−αF~Si2)wi−∏i=1n(1−αF~Si2−γF~Si2)wi]0.5}(16)

Definition 5: Spherical weighted geometric mean (SWGM) concerning w=(w1,w2…,wn; wi∈[0,1]; ∑i=1nwi=1, SWGM is defined as follows.

SWGMw(F~S1,…,F¨Sn)=F~S1w1+F~S2w2+…+F~Snwn=∏i=1nαF~Siwi,[1−∏i=1n(1−βF~Si2)wi]0.5,[∏i=1n(1−βF~Si2)wi−∏i=1n(1−βF~Si2−γF~Si2)wi]0.5(17)

Definition 6: Let F~sand E~s be two SFSs on X. A real-valued function EW: [0,1] SFS → is an entropy measure for SFSs if it is provided with the following properties:

EW(F~s)=0ifF~sisacrispset,
EW(F~s)=1ifαF~s(x)=βF~s(x)andγF~s(x)=0.5forallx∈X,
EW(F~s)=EW(F~sc), where F~sc denotes a compliment of F~s

EW(F~s)≤EW(E~s)ifγE~s2(x)≤γF~s2(x)andαF~s2(x)≤αE~s2(x)≤βE~s2(x)≤βF~s2(x)orβF~s2(x)≤βE~s2(x)≤αE~s2(x)≤αF~s2(x)forallx∈X.(18)

3.2 Proposed Methodology

The proposed method of SF-EW and WASPAS-SF is presented in Fig. 2. In this framework, we have three phases.

Phase I: A panel of decision-makers (DMs) is created by finding knowledgeable-experienced individuals in the context of the research scope to get their opinions and comments on criteria and alternatives of methods of international payment. And then, we prioritize the importance of experts based on their experiences.

Phase II: Differentiating from the previous study of [14], we applied the entropy weighting method extension of the spherical fuzzy set proposed by [41].

Phase III: The WASPAS model was firstly proposed by [42]. In this study, the spherical fuzzy extension of WASPAS (WASPAS-SF) using linguistic terms was proposed to overcome vague and imprecise assessments in the case of selecting international payment methods.
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Figure 2: The proposed research framework

The process of the research is described as following steps to simplify the computing procedure [41]:

Step 1: Creating a pane of decision-makers (DMs) ei. The spherical fuzzy number ei=[αei,βei,γei] is denoted the rate of ith DMs. The weight of ith DMs can be calculated using Eq. (19):

λei=(αei+γei(αeiαei+βei))∑e=1l(αei+γei(αeiαei+βei))(19)

Step 2: Employing entropy objective weights. DMs fulfill the criteria and alternative evaluation matrices (F~S1,…,F~Sn) using the spherical fuzzy linguistic terms given in Tab. 1. Spherical Weighted Arithmetic Mean (SWAM) operator is used to aggregate decision matrix using Eqs. (20) and (21):

F~agg=SWAMw(F~S1,…,F~Sn)=w1F~S1+w2F~S2+…+wnF~Sn={[1−∏i=1n(1−αF~Si2)wi]0.5,∏i=1nβF~Siwi,[∏i=1n(1−αF~Si2)wi−∏i=1n(1−αF~Si2−γF~Si2)wi]0.5}(20)

F~agg=[(α11,β11,γ11)⋯(α1m,β1m,γ1m)⋮⋱⋮(αn1,βn1,γn1)⋯(αnm,βnm,γnm)](21)
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Step 3: Criteria’s entropies are used for determining their weights (wj). Divergence (divj) representing the intrinsic information of each criterion calculated through divj=1−EWj. Obtaining entropy weights by Eqs. (22) and (23):

EWj=1n∑i=1n[1−45(|αij2−βij2|+|γij2−0.25|)](22)

wj=divj∑jmdivj(23)

Step 4: Simple additive weighting (SAW) method is operated to find the SA~Wi SF scores of each alternative based on the addition operation of SFSs in Section 3.1. The performance evaluations can be weighted as given in Eqs. (25) and (26). A defuzzification process of SAWidef values as given in Eq. (27). If required, the alternatives can also be ranked in descending order of SAWidef values after a defuzzification operation.

SA~Wi=∑j=1m(wj⟨αij,βij,γij⟩)=⟨αiSAW,βiSAW,γiSAW⟩(24)

wj⟨αij,βij,γij⟩={(1−(1−αij2)wj)12,vijwj,((1−αij2)wj−(1−αij2−γij2)wj)12}(25)

⟨αi1,βi1,γi1⟩⊕⟨αi2,βi2,γi2⟩={(αi12+αi22−αi12αi22)12,βi1βi2,((1−αi22)γi12+(1−αi12)γi22−γi12γi22)12}(26)

SAWidef=(αiSAW−γiSAW)2−(βiSAW−γiSAW)2(27)

Step 5. Weighted product model (WPM) is performed on Fagg by taking wj into account for obtaining the WP~Mi of each alternative given in Eqs. (28) and (29). The exponentially weighted scores can be aggregated by performing the multiplication operation given in Eq. (30). If required, the alternatives can also be ranked in descending order of WPWidef values after a defuzzification operation.

WP~Mi=∏j=1m⟨αij,βij,γij⟩wj=⟨αiWPM,βiWPM,γiWPM⟩(28)

⟨αij,βij,γij⟩wj={αiwj,(1−(1−βi2)wj)12,((1−βi2)wj−(1−βi2−γi2)wj)12}(29)

⟨αi1,βi1,γi1⟩⊗⟨αi2,βi2,γi2⟩={αi1αi2,(βi12+βi22−βi12βi22)12,((1−βi22)γi12+(1−βi12)γi22−γi12γi22)12}(30)

Step 6. SAW and WPM spherical fuzzy values are aggregated by employing a threshold number of δ representing their importance. To obtain the aggregated value of each alternative using Eq. (31):

Q~i=δSA~Wi+(1−δ)WP~Mi=⟨αi,βi,γi⟩(31)

δSA~Wi={(1−(1−(αiSAW)2)δ)12,(βiSAW)δ,((1−(αiSAW)2)δ−(1−(αiSAW)2−(γiSAW)2)δ)12}
(1−δ)WP~Mi={(1−(1−(αiWPM)2)(1−δ))12,(βiWPM)(1−δ),((1−(αiWPM)2)(1−δ)−(1−(αiWPM)2−(γiWPM)2)(1−δ))12}
Step 7. SF values Q~i are defuzzified and Qi crisp values are found by performing Eq. (32). Then, they are ranked in descending order.

Qi=(αi−γi)2−(βi−γi)2(32)

If any alternatives have the same Qi values, their accuracy function values might be considered to break this tie. Accuracy function is Acci=αi2+βi2+γi2.

4  A Case Study and Results

4.1 A Case Study of the Vietnamese SMEs

The data was gathered in accordance with international payment systems through an online questionnaire survey of 5 specialists. The data collection process involved contacting regional universities qualified and experienced import-export industry managers and international economics researchers. One expert works for the Vietnam Trade Promotion Agency and Agency of Foreign Trade, two scholars work at foreign trade and international business universities, and two individuals with more than ten years of experience serving in the import-export sector from Ha Noi and Ho Chi Minh city, Vietnam.

To show the applicability of the proposed entropy-based SF-WASPAS methodology, the case study presented by [43] is analyzed. The goal of this decision problem is to find the most appropriate international payment alternative. In this study, four international payment methods and five main criteria with 22 sub-criteria are considered. Five DMs who were selected due to their expertise in international trade assessed four alternatives. The hierarchy of criteria and sub-criteria and four alternatives are presented in Fig. 3. The decision support model of SF-EW and WASPAS- SF is presented to find the optimal choice of international payment method alternatives. Additionally, a sensitivity analysis is performed to demonstrate the proposed method’s dependability and applicability by examining ranking results obtained using alternative approaches.

[image: images]

Figure 3: The hierarchical framework

4.2 Results Analysis

First, the weights of these DMs who have different experience levels and positions are shown in Tab. 2. As an example, the calculation of weights of the 1st expert (E1) is shown as follows:

[image: images]

λ1=(αe1+γe1(αe1αe1+βe1))∑e=15(αe1+γe1(αe1αe1+βe1))=(0.5+0.5(0.50.5+0.5))(0.5+0.5(0.50.5+0.5))+(0.6+0.4(0.60.6+0.4))+(0.8+0.2(0.80.8+0.2))+(0.7+0.3(0.70.7+0.3))+(0.3+0.3(0.30.3+0.7))=0.753.91=0.192
DMs evaluated the alternatives using the linguistic terms in terms of four attributes and give the alternative evaluation matrices (Fe1,Fe2,Fe3,Fe4,Fe5). After these linguistic terms are converted to corresponding SFNs, SWAM operator (Eq. 20) is implemented for aggregating evaluation criterion by criterion in Step 2. The objective weights of criteria are calculated by using the proposed entropy-based approach. First, the entropy value of each criterion is computed by applying Eq. (22). Then, entropy is used in Eq. (23) for obtaining objective criteria weights. As an example, the entropy of GO is computed as follows:

EWGO=1n∑i=1n[1−45(|α112−β112|+|γ112−0.25|)]=14[(1−45(|(0.717)2−(0.284)2|+|(0.289)2−0.25|))+(1−45(|(0.722)2−(0.295)2|+|(0.304)2−0.25|))+(1−45(|(0.813)2−(0.201)2|+|(0.156)2−0.25|))+(1−45(|(0.295)2−(0.729)2|+|(0.306)2−0.25|))]=0.472
wGO=divj∑jmdivj=1−EWj∑jmdivj=1−0.4720.528+0.443+0.596+0.56+0.701=0.187

Entropy values of the remaining criteria and corresponding weights are given in Tab. 3. According to the objective weighting approach, the importance ranking of criteria is found as PA (Characteristics of each payment method) > MA (Political and Economic situations of partner) > RE (Relationship between two parties) > EX (Opinions of external parties) > GO (Type of goods) since the weights are found 24.8% for PA, 21.1% for MA, 19.8% for RE, 18.7% for GO and 15.7% for EX.

The weighted scores are calculated and then summed by performing Eq. (26). Tab. 4 gives the aggregated scores of alternatives which are represented as SFNs in the column of SA~Wi. Defuzzification of these numbers is made by using Eq. (27) and depicted in the column of SAWidef. Other exponentially weighted scores are calculated and then summed by performing Eq. (30). Tab. 4 presents the aggregated scores of alternatives which are represented as SFNs in the column of WP~Mi. Defuzzification of these numbers is made by using the same concept in Eq. (27) and depicted in the column of WPMidef. The alternatives can be ordered according to these values: X3 (Letters of credit method) > X1 (Document collection method) > X2 (Open Account method) > X4 (Cash in Advance method).

As an example of obtaining defuzzified values of alternatives, SAWidef and WPMidef are given below:

SAWidef=(αiSAW−γiSAW)2−(βiSAW−γiSAW)2=(0.712−0.296)2−(0.300−0.296)2=0.172
WPMidef=(αiWPM−γiWPM)2−(βiWPM−γiWPM)2=(0.695−0.308)2−(0.323−0.308)2=0.150
By applying Eq. (31), Q~i values are calculated as visualized in Fig. 4, and defuzzied values (Qi) which are calculated by Eq. (32).

4.3 Sensitivity Analysis

In this section, the authors proposed a sensitivity analysis to investigate the changes of the various sets of parameters δ in the WASPAS-SF model. Threshold δ representing the importance of these two scores SA~Wi and WP~Mi for finding the WASPAS-SF score of each alternative is employed.

[image: images]
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Varying the δ values from 0 to 1 are considered to assess the sensitivity of the proposed model. First, if δ = 0, the results will be equal to the results of WPM, and then if δ = 1 is set, the results will be the same as the SAW result. As can be seen in Fig. 4, the rankings of alternatives for varying δ are not changed: X3 > X1 > X2 > X4. Therefore, the proposed model is applicability and effectiveness.

[image: images]

Figure 4: Final ranking of alternatives for sensitivity analysis

5  Conclusions and Future Studies

This study explores the aspects affecting choosing international payment methods of import and export SMEs in Vietnam. A hybrid MCDM approach of SF-EW, the WASPAS-SF was proposed for Vietnamese businesses to minimize risks when choosing payment methods in international transactions, considering qualitative and quantitative research methodologies. Five main criteria were considered in this research model, including Relationship between the two parties, Type of goods, The political and economic situation of the partner, Characteristics of each payment method, The opinions and requirements of external parties. The SF-EW, the WASPAS-SF results showed that L/C is the best choice of payment method for Vietnamese SMEs. This study aims to provide suggestions to develop Vietnam’s import-export industry and Vietnam’s international payment services. The main contributions are summarized as follows. First, robust integration of SF-EW and WASPAS-SF was proposed for the first time to support stakeholders of import-export SMEs in selecting international payment methods. An evaluation indicator system affecting the selection process of international payment methods was determined by experts’ opinions and literature review. The SF-EW was utilized to calculate criteria weights under uncertain circumstances, then SF-WASPAS ranked the international payment methods. A case study was presented to test the feasibility of the proposed paradigm. Additionally, the combined model can be investigated in conjunction with other models to broaden the range of outcomes. The prescribed approach and outcomes in this study can inform similar international payment method selection processes in other nations and businesses. One of the study’s limitations is that the evaluation process depends mainly on experts’ opinions; thus, results are based on personal opinions, knowledge, and judgment. For avoiding this limitation, five experts were utilized to provide different preferences. Other multi-criteria evaluation techniques could be employed to achieve the same goal, and findings could be compared. The analysis’s weakness could also be strengthened by including more quantitative evaluation criteria.

In terms of managerial implications that the current study implied, businesses must understand the nature of the commodities they sell to select the best IP solution. To reduce risks and damages in payments with international partners, companies must strengthen data capture on previous examples of hazards notified by authorities related to product categories identical to those of their firms. Aside from that, organizations must grasp and comprehend the foreign market’s trading processes for specific items to properly comprehend their responsibilities, obligations, and rights in transaction strategies. Understanding such practical procedures would thus assist businesses in raising their awareness of the quality of goods to assure the issuing bank’s capacity to pay. Through trade promotion events, create opportunities to contact and learn about overseas companies. The entire country’s trade promotion operations are critical in supporting and promoting the development of export markets, including traditional markets, potential markets, and export markets.

To further elucidate this conceptual methodology, research international payment systems by distributing broader survey questions to import-export SMEs in Vietnam can signify avenues for future work. The combinations of the MCDM model and Partial Least Squares Structural Equation Modeling (PLS-SEM) [44] in the subsequent stage are recommended to highlight the gap in the relative relevance of criteria linked to international payment methods in international trade operations. Methodologies can be utilized to analyze international payment method selection in other countries and additional criteria. This study demonstrates how combining MCDM based Spherical fuzzy set might result in a more successful evaluation model. Their results can be compared to prior studies’ results which can be expanded in future studies by assessing the relative performance of new MCDM techniques that incorporate emerging modern fuzzy extensions, such as spherical fuzzy sets, intuitionistic fuzzy sets, and hesitant fuzzy sets.
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Table 1: Linguistic scales and Spherical fuzzy numbers

Linguistic scale Code (o, B,7)

Absolutely more importance AMI (0.9,0.1,0.1)
Very high importance VHI (0.8,0.2,0.2)
High importance HI (0.7,0.3,0.3)
Slightly more importance SMI (0.6,0.4,0.4)
Equally importance El (0.5,0.5,0.5)
Slightly low importance SLI (0.4,0.6,0.4)
Low importance LI (0.3,0.7,0.3)
Very low importance VLI (0.2,0.8,0.2)
Absolutely low importance ALI (0.1,0.9,0.1)
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Table 3: The results of local and global weights and rankings
X1 X2 X3 X4 EW; div; Local  Concept Rank  Global Rank
weights weights weights
GO1 (0.586,0.442,0.344) (0.512,0.511,0.401) (0.703,0.319,0.335) (0.512,0.511,0.401) 0.802 0.198 0.115 0.187 4 0.021 22
GO2 (0.734,0.281,0.288) (0.381,0.632,0.394) (0.663,0.349,0.337) (0.601,0.451,0.268) 0.647 0.353 0.204 0.038 17
GO3 (0.694,0.326,0.257) (0.497,0.549,0.262) (0.712,0.311,0.273) (0.497,0.549,0.262) 0.677 0.323 0.187 0.035 21
GO4 (0.751,0.269,0.219) (0.590,0.427,0.339) (0.737,0.282,0.238) (0.590,0.427,0.339) 0.610 0.390 0.225 0.042 12
GOS (0.726,0.288,0.334) (0.668,0.368,0.315) (0.817,0.192,0.244) (0.668,0.368,0.315) 0.534 0.466 0.269 0.050 8
EX1 (0.651,0.362,0.296) (0.481,0.520,0.484) (0.430,0.602,0.373) (0.441,0.569,0.453) 0.806 0.194 0.259 0.157 5 0.041 13
EX2 (0.569,0.448,0.387) (0.478,0.542,0.359) (0.581,0.438,0.356) (0.481,0.534,0.377) 0.832 0.168 0.224 0.035 20
EX3 (0.609,0.417,0.324) (0.532,0.493,0.359) (0.584,0.429,0.411) (0.491,0.527,0.377) 0.823 0.177 0.236 0.037 18
EX4  (0.539,0.484,0.368) (0.650,0.360,0.304) ((0.521,0.512,0.294) (0.562,0.503,0.227) 0.789  0.211  0.281 0.044 10
MA1 (0.700,0.300,0.300) (0.756,0.273,0.171) (0.743,0.269,0.312) (0.500,0.500,0.500) 0.618 0.382 0.244 0.211 2 0.051 7
MA2 (0.711,0.293,0.307) (0.581,0.506,0.158) (0.830,0.174,0.196) (0.547,0.480,0.331) 0.608 0.392 0.251 0.053 6
MA3 (0.754,0.253,0.236) (0.424,0.622,0.288) (0.779,0.231,0.237) (0.325,0.677,0.327) 0.537 0.463 0.296 0.062 2
MA4 (0.583,0.426,0.396) (0.598,0.440,0.307) (0.778,0.228,0.230) (0.598,0.440,0.307) 0.672 0.328 0.210 0.044 9
RE1 (0.700,0.300,0.300) (0.676,0.358,0.292) (0.782,0.229,0.279) (0.785,0.226,0.273) 0.495 0.505 0.201 0.198 3 0.040 15
RE2 (0.746,0.264,0.299) (0.835,0.167,0.181) (0.688,0.317,0.335) (0.681,0.334,0.334) 0.493 0.507 0.202 0.040 14
RE3 (0.861,0.141,0.164) (0.709,0.302,0.335) (0.729,0.273,0.284) (0.630,0.382,0.318) 0.496 0.504 0.201 0.040 16
RE4 (0.708,0.299,0.319) (0.708,0.307,0.273) (0.737,0.268,0.260) (0.833,0.172,0.161) 0.463 0.537 0.214 0.042 11
RES (0.717,0.290,0.319) (0.639,0.375,0.327) (0.868,0.135,0.156) (0.633,0.374,0.392) 0.539 0.461 0.184 0.036 19
PA1 (0.700,0.300,0.300) (0.100,0.900,0.100) (0.698,0.321,0.284) (0.500,0.500,0.500) 0.569 0.431 0.239 0.248 1 0.059 4
PA2 (0.643,0.363,0.378) (0.662,0.354,0.296) (0.846,0.158,0.180) (0.535,0.486,0.354) 0.611 0.389 0.216 0.053 5
PA3 (0.809,0.196,0.194) (0.774,0.260,0.138) (0.796,0.208,0.224) ((0.593,0.442,0.280) 0.458 0.542 0.300 0.074 1
PA4 (0.725,0.283,0.308) (0.580,0.443,0.374) (0.786,0.217,0.233) (0.328,0.715,0.228) 0.556 0.444 0.246 0.061 3
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Table 4: Results of SAW and WPM

SAW, SAW™ WPM, WPM®™ Rank
X1 (0.711,0.300,0.297) 0.172 (0.695,0.323,0.308) 0.150 2
X2 (0.626,0.413,0.294) 0.096 (0.542,0.508,0.297) 0.015 3
X3 (0.748,0.265,0.266) 0.233 (0.720,0.310,0.283) 0.190 1
X4 (0.581,0.451,0.341) 0.046 (0.538,0.497,0.349) 0.014 4
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Table 2: The weights of DMs

Expert El E2 E3 E4 ES

Years of Experience 11 10 15 12 15

Education Level MBA MBA Ph.D Ph.D MBA

Positions Manager Policymaker  Faculty Faculty Manager

member member

Linguistic EI SMI VHI HI LI

Assessment

SFNs (0.5,0.5,0.5)  (0.6,0.4,0.4) (0.8,0.2,0.2)  (0.7,0.3,0.3)  (0.3,0.7,0.3)
A =0.192 A, =0.215 A = 0.246 Ay = 0.233 As =0.115
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