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Abstract 

The present paper has two-fold purposes. First, the current work provides an integrated 
theoretical framework to compare popular mobile wallet service providers based on 
users’ views in the Indian context. To this end, we propose a new grey correlation-
based Picture Fuzzy-Evaluation based on Distance from Average Solution (GCPF-EDAS) 
framework for the comparative analysis. We integrate the fundamental framework 
of the Technology Acceptance Model and Unified theory of acceptance and use of 
technology vis-à-vis service quality dimensions for criteria selection. For compara-
tive ranking, we conduct our analysis under uncertain environments using picture 
fuzzy numbers. We find that user-friendliness, a wide variety of use, and familiarity and 
awareness about the products help reduce the uncertainty factors and obtain positive 
impressions from the users. It is seen that PhonePe (A3), Google Pay (A2), Amazon Pay 
(A4) and PayTM (A1) hold top positions. For validation of the result, we first compare 
the ranking provided by our proposed model with that derived by using picture fuzzy 
score based extensions of EDAS and another widely used algorithm such as The Tech-
nique for Order of Preference by Similarity to Ideal Solution. We observe a significant 
consistency. We then carry out rank reversal test for GCPF-EDAS model. We notice that 
our proposed GCPF-EDAS model does not suffers from rank reversal phenomenon. 
To examine the stability in the result for further validation, we carry out the sensitivity 
analysis by varying the differentiating coefficient and exchanging the criteria weights. 
We find that our proposed method provides stable result for the present case study 
and performs better as ranking order does not get changed significantly with the 
changes in the given conditions.

Keywords:  Picture fuzzy, Grey correlation, EDAS method, TOPSIS, Comparison of 
mobile wallets

Introduction
The present paper endeavours to put forth a comparative analysis of some of the pop-
ular M-Wallet service providers based on users’ opinions. The theoretical foundations 
of two widely used frameworks such as TAM and UTAUT and the findings of the past 
work are considered to select the attributes for comparing the M-Wallets based on sub-
jective opinions of a group of users having different demographic backgrounds. For 
comparative analysis, the existing algorithm of EDAS method is modified using grey 
theory and picture fuzzy logic. In the aftermath of the revolution in the field of wireless 
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communication technology supported by significant development in hardware and com-
puting domain, worldwide, mobile phone usage has increased massively over the last 
decades. Increasing mobility in communication, convenience, and advanced services has 
made mobile phones an integral part of human lives, significantly influencing all spheres 
of life (Jack and Suri 2011; Thakur and Srivastava 2014; Aydin and Burnaz 2016; Madan 
and Yadav 2016). The rapidly increasing rate of multi-faceted usage of mobile phones 
(i.e., smartphones) has presented vast opportunities for technology-based firms in vari-
ous sectors and has accelerated the growth in mobile technology-based business solu-
tions (Flood et al. 2013; Petter et al. 2013; Kuganathan and Wikramanayake 2014; Attour 
et  al. 2015; Viswanathan et  al. 2017). Among various such technology-based services, 
mobile phone payments have increased significantly in recent years. M-Wallet services 
have drawn interest from a sizeable number of consumers. The number of service takers 
is increasing daily, accepting and adopting M-Wallets as an alternative way to pay elec-
tronically at a place they prefer and at the time they want, without reaching the point of 
sale physically (Duncombe and Boateng 2009; Leavitt 2012; Dennehy and Sammon 2015; 
Tang et al. 2014).

The usage is not restricted to age and profession, though a general notion is that tech-
savvy, educated, and young consumers usually prefer to use M-Wallets. The recent out-
break of COVID-19 has acted as a catalyst to unleash the importance of M-Wallets to 
run daily activities for households and businesses. Extreme disruption and a stringent 
requirement of maintaining health and hygiene (minimization of payments using cash to 
prevent spreading infections) have resulted in a surge in the usage of M-Wallets. The rise 
in the number of M-Wallet users during the last year stands as a distinct outlier world-
wide compared with yearly historical data prior to 2020 (Nandi and Banerjee 2020). A 
recent study (Statista Mobile POS Payments xxxx) reported that the expected number of 
mobile POS payers would be 1754.6 million by 2024.

During the last several years, the GOI has emphasized achieving its financial inclusion 
goal. The GOI aims to leverage the electronic medium for payment for the inclusion of 
a large part of the society (consists of small traders and merchants, people working in 
un-organized sectors, and low-literate people) into the mainstream, given the favour-
able rate of penetration of mobile phones in both urban and rural areas.1, 2 However, 
the upward trend in the use of mobile payments started in India post-2014 with two 
significant initiatives taken by the GOI, such as “Digital India” and “Demonetization.” 
The decision to phase-wise shift towards a new regime for moving forward with paper-
free, cashless and virtual operations with various initiatives, supported by incentives to 
Fin-Tech companies; development of faster wireless networks and mass-promotion of 
new innovative technologies have created a conducive environment for the growth of 
M-Wallet service providers (Kumar et al. 2011; Chattopadhyay et al. 2017; Sinha et al. 
2019; Mittal and Kumar 2018). After the declaration of demonetization on November 
08, 2016, India has witnessed a rapid enhancement in the consumer base using online 
payments in successive years (Padiya and Bantwa 2018). In effect, it has been observed 
that mobile phones are being used in various financial services. As a result, the M-Wallet 

1  https://​main.​mohfw.​gov.​in/​digit​al-​payme​nt(last accessed September 28, 2022).
2  https://​www.​rbi.​org.​in/​Scrip​ts/​Publi​catio​nVisi​onDoc​uments.​aspx?​Id=​1202 (last accessed September 28, 2022).

https://main.mohfw.gov.in/digital-payment
https://www.rbi.org.in/Scripts/PublicationVisionDocuments.aspx?Id=1202
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market flourished, and many new entrants (both from public and private initiatives) 
have come into the picture (Pal et  al. 2019; Sharma and Kulshreshtha 2019; Liébana-
Cabanillas et al. 2020a). In India, a recent publication (Asher 2020) estimated approxi-
mately 760 million smartphone users by 2021 and around 973 million in 2025 (in 2013, it 
was 76 million) against a global prediction of approximately 3.8 billion by 2021. There is 
a massive potential for the M-Wallet market.

Several researchers and practitioners have worked on this area, given the promising 
growth and future potential of the M-Wallet sector. The extant literature shows that con-
tributors put effort into investigating why consumers use M-Wallet services and what 
factors influence their decision to select a service provider. In this regard, most of the 
past contributions used TRA (Fishbein and Ajzen 1975), TPB (Ajzen 1991), and TAM 
(Davis 1989). While TRA sheds light on behavioural intentions controlled by attitude 
and subjective norms (Fishbein and Ajzen 1975; Ajzen and Fishbein 1980), TPB extends 
the horizon by including “the perceived ease or difficulty of performing the behav-
iour,” assuming that every decision-maker is rational (Ajzen 1991). Using the founda-
tions laid by TRA and TPB, TAM stands on two essential pillars, perceived ease of use 
and usefulness (Davis 1989), which gained more popularity among researchers than 
its predecessors, particularly for explaining consumer behaviour related to technology 
products (Hong et al. 2006). We notice the extensive application of TAM and its exten-
sion, UTAUT (Venkatesh et  al. 2003) in understanding the motives and nature of the 
behaviour of the consumers for using M-Wallets and electronic payments. The studies in 
various countries, including India (Aydin and Burnaz 2016; Pousttchi and Wiedemann 
2007; Chen and Nath 2008; Shin 2009; Yang et al. 2012; Liébana-Cabanillas et al. 2014, 
2020b; Dwivedi et al. 2014; Kapoor et al. 2014, 2020; Phonthanukitithaworn et al. 2015; 
Yadav 2016; Manikandan and Jayakodi 2017; Mei and Aun 2019, Pal et al. 2020; Singh 
and Sinha 2020; Singh et  al. 2020), revealed various factors influencing the decisions 
to use M-Wallets. Mobile technology solutions such as consumer attitude, expectancy 
about performance, innovative applications, facilitation, convenience, user-friendliness, 
speed of transaction, compatibility issues, social pressure, information security and pri-
vacy, trust, cost of operations, and rewards influence the consumers. Summarizing these 
studies, it is evident that researchers mostly attempted to work on influencing factors in 
a fragmented way and carried out causal analysis using regression, structural equation 
modelling, and other statistical tests using empirical methods.

Motivation of the research

Within our best possible search, we have noticed that a holistic comparison of M-Wallet 
service providers based on multiple factors or criteria is rare. In one recent study (see 
footnote 2), the authors tried to do a comparative analysis of service providers using a 
semantic differential scale and entropy-based approach based on the opinions of the 
respondents belonging to a young target group (21–30  years) in an empirical setup. 
However, this work also does not reflect a comprehensive view as it emphasizes the ser-
vice quality dimensions and attitude of the users. Further, response-based comparison 
suffers from impreciseness which cannot be captured effectively in a crisp domain. In 
addition, people belong to an age group of 31–40, and even more avail M-Wallet ser-
vices. Therefore, it is quite imperative to consider their views also. In another recent 
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study (Kapoor et al. 2020), the authors argued for developing appropriate service quality 
dimensions for comparing solution providers. They applied a fuzzy-TOPSIS framework. 
However, the authors did not compare service providers. In this paper, we use service 
quality parameters aligned with the basic framework of TAM and UTAUT used in past 
research to respond to the gaps noticed in the past work. We use these factors as cri-
teria to compare some of the popular M-Wallet service providers. As Dahlberg et  al. 
(Dahlberg et al. 2015) advocated for an appropriate ecosystem for holistic comparison, 
we follow a user opinion-based MCDA while considering dealing with impreciseness in 
information. Further, in this paper, we apply a widely used recent MCDA algorithm such 
as EDAS with imprecise information for user opinion-based comparison of M-Wallet 
services.

Compared with the VIKOR and TOPSIS, EDAS method also evaluates the alternatives 
based on their separation from the ideal or preferential point. However, instead of the 
distance from two extreme ideal points (i.e., positive and negative), in EDAS, the dis-
tances of the alternatives from the average solution (such as PDA and NDA) are calcu-
lated. The preferred alternative is identified based on higher PDA and lower NDA values. 
Since the EDAS method considers the average solution point as the yardstick, it is free 
from extreme point variation and decision-making fluctuations. Therefore, the EDAS 
algorithm operates well in an uncertain environment and can deal with various com-
plex decision-making problems by providing better accuracy and aggregation (Ghora-
baee et al. 2015, 2016). However, we have observed a scantiness of research work that 
combine two perspectives of uncertainty measures such as grey theory and picture fuzzy 
logic with classical EDAS method to provide a comprehensive MCDM based analysis.

Contributions of the paper

Our paper contributes to the growing literature in two ways. First, it uses a combined 
theoretical framework for a holistic multi-criteria based comparison of M-Wallet service 
providers in India. The criteria are selected in tune with extant literature using the basic 
framework TAM and UTAUT with service quality considerations. Second, we provide a 
novel extension of the EDAS method in an uncertain environment using GC and PFNs. 
Thirdly, the present paper provides a rare combination of grey theory and picture fuzzy 
logic in conjunction with EDAS method that provides a greater flexibility and compre-
hensive uncertainty based model for the analysts in solving various real-life complex 
problems.

Paper organization

The rest of the paper is presented as follows. The following section ("Related work" sec-
tion) gives a summary of some of the related work. "Preliminaries: PFS and PFN" section 
provides some preliminary concepts on PFS and PFN. In "EDAS method" section, we 
discuss about the original EDAS algorithm. We explain the procedural steps of our pro-
posed methodology in "Proposed methodology: grey correlational picture fuzzy EDAS 
(GCPF-EDAS)" section. "Case study: M-Wallet selection" section exhibits the data analy-
sis related to our problem of this paper and obtained results. In "Validation and sensitiv-
ity analysis" section, discussions on the findings are included and finally, "Conclusion 
and future scope" section concludes the paper and highlights some of the future scope.
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Related work
The EDAS method have been used by several researchers to evaluate alternatives for 
solving various problems in both engineering and management domains. For example, 
researchers have applied EDAS method to solve the issues like supplier selection on 
environmental dimensions and order allocation (Ghorabaee et  al. 2017a), comparison 
of bank performances (Ghorabaee et al. 2017b), project management (Feng et al. 2018), 
comparison of the third-party logistics service providers (Ecer 2018), solid waste dis-
posal (Kahraman et al. 2017; Behzad et al. 2020), construction management (Stanujkic 
et  al. 2017; Hasheminasab et  al. 2019), investment decision-making (Karmakar et  al. 
2018), personnel selection problem (Stanujkic et al. 2018), manufacturing performance 
(Stevic et al. 2018), comparison of performance of steam boilers (Kundakcı 2019), mate-
rial selection (Chatterjee et al. 2018), renewable energy management (Asante et al. 2020), 
and contractor evaluation (Ghorabaee et al. 2018a). One of the major reasons behind the 
popularity of the EDAS method is its freedom from the rank reversal problem, which 
occurs for the TOPSIS algorithm (Ghorabaee et  al. 2018b). After its proposal, several 
researchers have contributed to extending the basic framework for the EDAS method 
over the last five years. The extant literature reveals the applications of a modified and 
extended framework of the EDAS method using fuzzy sets (Ecer 2018; Hasheminasab 
et  al. 2019; Stevic et  al. 2018), intuitionistic fuzzy sets (Kahraman et  al. 2017), inter-
val fuzzy sets (Ilieva 2018), dynamic fuzzy sets (Ghorabaee et al. 2018a), Interval type 
2 fuzzy sets (Ghorabaee et al. 2017a, 2017c), hesitant fuzzy linguistic scale (Feng et al. 
2018), normally distributed data in a stochastic environment (Ghorabaee et al. 2017b), 
neutrosophic fuzzy linguistic scales (Li et  al. 2019), interval-valued neutrosophic sets 
(Karasan and Kahraman 2018a; Karaşan and Kahraman 2018), neutrosophic fuzzy soft 
set with new similarity measures (Peng and Liu 2017), q-rung orthopair fuzzy sets (Li 
et al. 2020), and interval grey numbers (Stanujkic et al. 2017).

In this context, Zhang et al. (Zhang et al. 2019) proposed a multi-criteria group deci-
sion making model based on EDAS using the PFN. The concept of PFS with basic opera-
tions and properties was introduced by Cuong and Kreinovich (Cuong and Kreinovich 
2014, 2013). A typical PFS is expressed in terms of three kinds of membership functions 
such as positive, neutral and negative. In addition, it captures the degree of refusal also. 
PFS has been used in multi-criteria based analysis for solving various problems (for 
example, (Yang and He 2019)) and gradually got developed and extended over the years. 
For instance, Wei used picture fuzzy (PF) cross entropy (Wei 2016), defined various 
similarity measures (Wei 2017b, 2018a), and proposed different aggregation operators 
(Wei 2017, 2018b). In this context, Wei and Gao introduced a generalized dice similarity 
measure for PFS (Wei and Gao 2018). PFS has been used to extend the TODIM method 
(Wei 2018c), TOPSIS algorithm (Yang and He 2019) and propose a projection model 
(Wei et al. 2018). Some extensions such as picture fuzzy matrix (Dogra and Pal 2020a), 
m-polar PF algebra (Dogra and Pal 2020b) and PF sub-rings (Dogra and Pal 2021) are 
also evident in the extant literature. However, through the possible search we find that 
PFS has not been yet used widely to extend the existing MCDM algorithms. Further, for 
EDAS method, use of PFS is not done to a significant extent.

However, EDAS method suffers from a limitation that it uses distance as a measure-
ment scale. The average point may not be decided precisely in a typical scenario which 
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involves substantial amount of subjectivity (Das and Chakraborty 2022). Further, clas-
sical EDAS method many a times does not reveal true ranking when comparing the 
alternatives that are too similar in magnitude or differing from each other largely 
(Ilieva et  al. 2018). Further, in a circumstance which involves degree of refusal (in 
case of PFS) along with degrees of positive, negative and neutral membership, there is 
some amount of information loss. The concept of grey theory (Julong 1982, 1989) is 
suitable to use when a significant amount of subjectivity and information loss is pre-
sent and it becomes arduous to define the fuzziness (Chithambaranathan et al. 2015). 
In the domain of MCDA techniques and their applications in solving various prob-
lems, grey theory and related concepts have been used plenteously. The GC method 
is derived from the concept GRA which works on the fundamental principles of grey 
theory (Xia et  al. 2015). GC finds its importance among the researchers as it can 
measure the strength of relations among the data sequences under varying condition 
and provides estimation even with low volume cases. As a result, grey concepts are 
used with fuzzy sets and multivariate models in tandem (Das et al. 2019; Chakraborty 
et al. 2018, 2019). The expanding literature shows numerous occasions wherein grey 
concepts are used in decision-making problems (Huang and Jane 2009), for instance, 
supplier selection (Badi and Pamucar 2020), product selection (Pamucar 2020), and 
materials selection (Chatterjee and Chakraborty 2012). Das and Chakraborty (Das 
and Chakraborty 2022) infused the concept of GC in the basic framework of EDAS 
for solving a production engineering problem. Here, we endeavour to integrate the 
models of Das and Chakraborty (Das and Chakraborty 2022) and Zhang et al. (Zhang 
et al. 2019) PF environment for presenting an opinion-based service provider selec-
tion framework.

Preliminaries: PFS and PFN
In this section, we present some preliminary concepts pertaining to the domain of PFS 
and PFN.

Definition  Let Ã denotes a PFS on a universe of discourse U. Then, Ã is defined as 
(Cuong and Kreinovich 2014, 2013)

where x ∈ U;µ
Ã
(x),η

Ã
(x),υ

Ã
(x) ∈ [0, 1] are the degrees of positive, neutral and nega-

tive membership of x in Ã respectively such that

PFS has been derived from the traditional fuzzy sets. Here, if η
Ã
(x) = 0 then it resem-

bles the IFS and if both η
Ã
(x) = υ

Ã
(x) = 0, Ã becomes a classical fuzzy set. The neutral-

ity component provides a clearer ‘picture’ of the information and enables to carry out 
a more granular analysis for improving accuracy (Wang et  al. 2017). PFS has another 
component such as degree of refusal ( π

Ã
(x) ) which provides the decision-makers not to 

give opinions when they are not interested. Therefore, PFS is more efficient in capturing 
uncertainties.

(1)Ã = x,µ
Ã
(x),η

Ã
(x),υ

Ã
(x)

(2)0 ≤ µ
Ã
(x)+ η

Ã
(x)+ υ

Ã
(x) ≤ 1 ∀x ∈ U
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For a given element x in U, a PFN is represented as

The properties and operations are given below (Cuong and Kreinovich 2014, 2013).

Properties

Let, Ã = x,µ
Ã
(x),η

Ã
(x),υ

Ã
(x) and B̃ = x,µB̃(x),ηB̃(x),υB̃(x) are two PFS ∀x ∈ U , then

Operations

Let, A = (µA,ηA,υA) and B = (µB,ηB,υB) are any two PFNs. The following are some of 
the basic operations.

(3)π
Ã
(x) = 1− µ

Ã
(x)+ η

Ã
(x)+ υ

Ã
(x) ∀x ∈ U

(4)A =
{{

(µA,ηA,υA)|µA,ηA,υA ∈ [0, 1] and 0 ≤ µA + ηA + υA ≤ 1
}}

(5)
Ã ∪ B̃ =

{(

x,max(µ
Ã
(x),µB̃(x)

)

, min
(

η
Ã
(x),ηB̃(x)

)

, min
(

υ
Ã
(x),υB̃(x)

)

)|x ∈ U
}

(6)
Ã ∩ B̃ =

{(

x,min(µ
Ã
(x),µB̃(x)

)

, min
(

η
Ã
(x),ηB̃(x)

)

, max
(

υ
Ã
(x),υB̃(x)

)

)|x ∈ U
}

(7)Ã
c
=

{

x,υ
Ã
(x), η

Ã
(x),µ

Ã
(x)|x ∈ U

}

(8)Ã ⊆ B̃ if
(

µÃ(x) ≤ µB̃(x),ηÃ(x) ≤ ηB̃(x),υÃ(x) ≥ υB̃(x) ∀x ∈ U
)

(9)Ã = B̃ if Ã ⊆ B̃ and B̃ ⊆ Ã

(10)Ã ⊆ B̃ and B̃ ⊆ C̃ ⇒ Ã ⊆ C̃

(11)
(

Ã
c
)c

= Ã

(12)A⊕ B = (µA + µB − µAµB,ηAηB,υAυB)

(13)A⊗ B = (µAµB,ηA + ηB − ηAηB,υA + υB − υAυB)

(14)�A =
(

1− (1− µA)
�, η

�

A,υ
�

A

)

; � > 0

(15)A� = (µ�

A, 1− (1− ηA)
�, 1− (1− υA)

�; � > 0

(16)A⊕ B = B⊕ A

(17)A⊗ B = B⊗ A
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Defuzzification

The defuzzification of a PFN A is done in the following steps (Son 2017; Xu et al. 2019):
Step 1. Defining new positive and negative memberships

Step 2. Calculation of defuzzication value

Distance calculation

Two popular distance measures are defined in Cuong and Son (2015); Son 2016) as follows
Let, Ã = x,µÃ(x),ηÃ(x),υÃ(x) and B̃ = x,µB̃(x),ηB̃(x),υB̃(x) are two PFS ∀x ∈ U where 

x = {x1, x2, x3, . . . .., xn}.
Normalized Hamming distance:

Normalized Euclidean distance:

Score and accuracy functions

The score function of any PFN A is given as (Cuong and Kreinovich 2013)

The accuracy function is defined as

In this regard, the rules for comparing any two PFNs such as A and B are given below

(i)	If SA ≺ SB, then A ≺ B

(18)
(

A�1
)�2

= A�1�2

(19)�(A ⊕ B) = �A⊕ �B

(20)(A ⊗ B)� = A� ⊗ B�

(21)µ′
A = µA +

ηA

2

(22)υ
′
A = υA +

ηA

2

(23)γA = µ′
A + πA

(

1+ µ′
A − υ

′
A

2

)

(24)
dH

(

Ã, B̃
)

=
1

n

n
∑

i=1

(∣

∣µÃ(xi)− µB̃(xi)
∣

∣+
∣

∣ηÃ(xi)− ηB̃(xi)
∣

∣+
∣

∣υÃ(xi)− υB̃(xi)
∣

∣

)

(25)dE
(

Ã, B̃
)

=

√

√

√

√

1

n

n
∑

i=1

(

(

µÃ (xi)− µB̃ (xi)
)2

+
(

ηÃ (xi)− ηB̃ (xi)
)2

+
(

υÃ (xi)− υB̃ (xi)
)2
)

(26)SA = µA − υA

(27)HA = µA + ηA + υA
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(ii)	 If SA ≻ SB, then A ≻ B

(iii)	If SA = SB, HA ≺ HB, then A ≺ B

(iv)	If SA = SB,HA ≻ HB, then A ≻ B

(v)	 If SA = SB, HA = HB, then A = B

However, Si et al. (Si et al. 2019) reviewed the calculation of score values using above-
mentioned conventional definitions and proposed a modified version. They proposed defi-
nitions of absolute and actual scores using all three membership functions such as positive, 
neutral and negative.

Absolute and actual score

The steps for calculation are described below (Si et al. 2019)
Step 1. Identification of the positive ideal solution (PIS).
For a set of n number of PFNs, PIS is given as

Step 2. Find out goal differences for each PFN

Step 3. Find out the average neutral degree

Step 4. Calculation of the absolute score for each PFN

Step 5. Derive the actual score for each PFN

Here, the following rules are applicable

As (η− ηi) �= 1, Si(act) is always finite.

(28)Z+ =
(

µ+,η+,υ+
)

= (max
i

µi, min
i

ηi, min
i

υi), where i = 1, 2, . . .n

(29)Positivegoaldifference: µi+ = µ+ − µi

(30)Negative goal difference:υi− = υi − υ
+

(31)η =
1

n

n
∑

i=1

ηi

(32)Si(abs) = (1− µi+)− υi−

(33)Si(act) =
Si(abs)

1− (η− ηi)

If SA(act) ≻ SB(act) then A ≻ B

If SA(act) = SB(act) then if µA > µB and ηA ≥ ηB then A ≻ B

If SA(act) = SB(act) and µA ≥ µB and ηA < ηB

then if υA ≤ υB then A ≻ B, otherwiseA ≺ B
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EDAS method
The computational steps of the original EDAS method (Ghorabaee et al. 2015) are given 
below.

Step 1: Formulation of the decision-making matrix (X) given as:
X = [Xij]m×n; where Xij: Performance value of ith alternative on jth criterion.
Step 2: Calculation of the average solution

Step 3: Calculation of PDA and NDAIf jth criterion is beneficial,

If jth criterion is non-beneficial,

Step 4: Determine the weighted sum of PDA and NDA for all alternatives

where wj is the weight of jth criterion.
Step 5: Normalization of the values of SP and SN for all the alternatives

(34)AVj =

∑m
i=1 xij

m
; j = 1, 2, . . . .n

PDA =
[

PDAij

]

m×n
,

NDA =
[

NDAij

]

m×n

(35)PDAij =
max

(

0,
(

xij − AVj

))

AVj

(36)NDAij =
max

(

0,
(

AVj − xij
))

AVj

(37)PDAij =
max

(

0,
(

AVj − xij
))

AVj

(38)NDAij =
max

(

0,
(

xij − AVj

))

AVj

(39)SPi =

n
∑

j=1

wjPDAij

(40)SNi =

n
∑

j=1

wjNDAij

(41)NSPi =
SPi

max
i

(SPi)

(42)NSNi = 1−
SNi

max
i

(SNi)
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Step 6: Calculation of the appraisal score (AS) for all alternatives

where 0 ≤ ASi ≤ 1. The alternative having the highest ASi is ranked first and so on.

Proposed methodology: grey correlational picture fuzzy EDAS (GCPF‑EDAS)
In this section we present the computational steps of the proposed GCPF-EDAS 
methodology for multi-criteria based group decision-making extending the work of 
Zhang et  al. (2019); Das and Chakraborty 2022) based on the original algorithm of 
EDAS (Ghorabaee et al. 2015).

Suppose,
Mi, where i = 1, 2, . . .m(m is finite and ≥ 2) are the number of alterna-

tives under comparison subject to a set of attributes or criteria, Cj, where 
j = 1, 2, . . .n(n is finite and ≥ 2) , based on the opinions of DMk, where 
k = 1, 2, . . . r (r is finite and ≥ 2) are the number of decision-makers.

The steps of the proposed algorithm are as follows.
Step 1. Construction of the linguistic weight matrix for the attributes

Here, ϕk
j  is the relative importance (in linguistic scale) given by DMk (where, 

k = 1, 2, . . . r ) for each criterion Cj (where, j = 1, 2, . . .n ). The DMs express their views as 
positive, neutral, and negative and may refuse to give opinions as well. In this research, 
for finding out relative importance of the criteria, we do not allow the DMs to refuse as 
the criteria used for a common real-life problem are sufficiently known to all. Therefore, 
we offer the DMs to select any of the following three categories for their response with 
respect to each criterion (see Table 1).

Step 2. Formulation of the PF criteria weight matrix.
The criteria matrix is represented as Cw =

[

Cwj

]

n×1
.

Here, Cwj = µj,ηj,υj is a PFN showing the relative importance of the criterion 
Cj considering the responses of all DMs. The aggregation of the individual DM’s 
response can be done in several ways. We refer the method followed in Jovčić et al. 
(2020) and accordingly, the PFNs corresponding to the criteria are calculated in terms 

(43)ASi =
1

2
(NSPi +NSNi)

(44)ϕk =

C1

C2

·
·
Cn













ϕk
1

ϕk
2
·
·

ϕk
n













Table 1  Linguistic scale for weighting the criteria

Notation Meaning and/or indication

H High importance (positive membership)

N neither high nor low importance (neu-
tral membership)

L low importance (negative membership)
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of the proportion of type of responses (positive, neutral, and negative) opined by the 
DMs.

Step 3. Calculation of criteria weights
The weight for the criterion Cj is given as (Jovčić et al. 2020)

Here, πj represents the degree of refusal (refer the expression (3)).
Step 4. Formulation of the linguistic evaluation matrix.
The linguistic evaluation matrix (for individual responses) is given by

ζ kij  is the linguistic evaluation expressed by kth DM for ith alternative with respect to 
jth criterion. Again, in general, a respondent may express positive, neutral, negative or 
refusal opinion respectively.

Step 5. Formulation of the PF-evaluation matrix.
The PF-evaluation matrix is represented as

Here, τij = µij,ηij,υij represents a PFN for evaluation of the ith alternative with respect 
to the jth criterion by the DMs. The PFNs are calculated in terms of the proportion of 
type of responses (positive, neutral, and negative) opined by the DMs.

Step 6. Determination of PF-decision matrix.
The PF-decision matrix is formed after normalization of the PF-evaluation matrix.

where,

Step 7. Computation of the average solution

γ j is also a PFN µ′
ij,η

′
ij,υ

′
ij wherein the membership functions are average of the member-

ship values of γij for each criterion. For example, µ′
ij =

[
∑m

i=1 µij

m

]

1×n
.

Step 8. Derive the positive distance from average (PDA) and negative distance from aver-
age (NDA)

(45)

wj =
µj +

ηj

2 + 1
2πj

(

1+ µj − υj

)

∑n
j=1

[

µj +
ηj

2 + 1
2πj

(

1+ µj − υj

)

] , j = 1, 2, ..n; wj ∈ [0, 1] and

n
∑

j=1

wj = 1

(46)� =
[

ζ kij

]

m×n
; k = 1, 2, . . . r

(47)Ŵ =
[

τij
]

m×n

(48)� =
[

γij
]

m×n

(49)γij =

{

τij = µij ,ηij ,υij; forbeneficialcriteria
τ cij = υij ,ηij ,µij; fornon - beneficialcriteria

(50)γ j =

[
∑m

i=1 γij

m

]

1×n
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where the score value is calculated using the conventional way (refer the Eq. (26)).
Step 9. Calculation of the grey correlation coefficient (GC) values

Here, ξ is the differentiating or distinguishing or identification coefficient whose value 
is usually taken as 0.5 as suggested in Das and Chakraborty (2022) which is a neutral 
position.

Step 10. Calculation of the average weighted GC values

Step 11. Normalization of the average weighted GC values

Step 12. Calculation of the grey-based appraisal score

Here, 0 ≤ GASi ≤ 1 ; the decision rule is: Higher the value, more is the preference.

(51)PDA:
[

D+
ij

]

m×n
=

Max
(

0,
(

S
(

γij
)

− S
(

γ j

)))

S
(

γ j

)

(52)NDA:
[

D−
ij

]

m×n
=

Max
(

0,
(

S
(

γ j

)

− S
(

γij
)

))

S
(

γ j

)

(53)GPij =
D+
ijmin + ξD+

ijmax
∣

∣

∣
D+
ijmax − D+

ij

∣

∣

∣
+ ξD+

ijmax

(54)GNij =
D−
ij min + ξD−

ij max
∣

∣

∣
D−
ij max − D−

ij

∣

∣

∣
+ ξD−

ij max

(55)GCPi =
1

n

n
∑

j=1

wjGPij

(56)GCNi =
1

n

n
∑

j=1

wjGNij

(57)N-GCP:GCP′i =
GCPi

max
i

GCPi

(58)N-GCN:GCN′
i = 1−

GCNi

max
i

GCNi

(59)GASi =
1

2

(

GCP′i + GCN′
i

)
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Case study: M‑Wallet selection
In this paper, we deal with the problem of selection of mobile wallet based on user based 
views. We select a list of widely used mobile wallets in India. These wallets have been 
introduced in the market by various public and private bodies for multiple uses. Table 2 
provides the list of wallets under comparison in this study.

We then move to nominate a group of users for multi-criteria group decision based 
analysis. For selection of respondents or DMs, we consider the aspects like varying age 
group, employment, qualification, and the frequency of usage of M-Wallets (which is an 
indicator of familiarity of use and awareness. we considered those who use mobile wal-
lets at a reasonably high frequency). Accordingly, in the present study 10 respondents 
have participated. Therefore, in this paper, the number of DMs is 10 (r = 10) which satis-
fies the condition for sample size to be used in a typical group-decision making set up 
(Kendall 1948; Turskis et al. 2019; Biswas 2020).

The next step is the selection of criteria. We follow the findings of the past work in line 
with the theoretical framework of TAM and UTAUT to select the criteria. The descrip-
tions of the criteria are given in Table 3.

Therefore, in this study, i = 14; j = 7 and r = 10. In the following steps we present the 
detailed analysis.

Step 1. The linguistic weight matrix for the attributes or criteria is given in Table 4. The 
respondents rate the criteria according to their relative priority using the scale given in 
the Table 1.

Step 2. Using the methodology explained earlier, we then formulate the PF criteria 
weight matrix (see Table 5). Since, during the evaluation of the relative importance of 
criteria, the DMs are not allowed to refuse, μ + η + ν = 1.0

Table 2  List of mobile wallets

Mobile wallets Code Mobile wallets Code

PayTM A1 JioMoney A8

Google Pay A2 HDFC PayZapp A9

PhonePe A3 Mobikwik A10

Amazon Pay A4 YonoSBI A11

Freecharge A5 Airtel Payment Banks A12

BHIM Axis Pay A6 PayU A13

ICICI Pockets A7 Citi MasterPass A14

Table 3  List of criteria

Criteria Code Description Effect direction

Features C1 Variety of applications, options ( +)

Convenience to use C2 Easy to use anywhere, anytime, user friendly ( +)

Compatibility C3 Accessible on any device and any operating system ( +)

Speed C4 Time taken to complete a transaction ( +)

Offers and Discounts Cash back offers, vouchers ( +)

Security and Privacy C6 Information security ( +)

Transaction cost C7 processing charge ( −)
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Step 3. Using the expression (45), in this step we calculate the crite-
ria weights. Since, the option for refuse is not present in this phase, πj = 0. 
Accordingly, the weights are calculated (refer Table  6). For example, 
w1 =

0.6+ 1
2×0.4

5.5 = 0.1468;w2 =
1.0+ 1

2×0.0

5.5 = 0.1835.
Step 4. Now we proceed for linguistic evaluation of the alternatives (i.e., mobile wal-

lets) with respect to the criteria used here. For such purpose, now the respondents are 
allowed to refuse also, as we assume all DMs do not use all wallets. Hence, for some 
criteria, the DMs may not be able to rate all alternatives appropriately. As we see, C7 
is the cost element. Therefore, for C7 we prefer to use high, low, and neither high nor 
low options whereas, for all other criteria we use good, bad, and neither good nor bad 
ratings. Table 7 exhibits the linguistic evaluation scales and Table 8 shows the rating 

Table 4  Linguistic evaluation of the criteria by the DMs

Criteria DMs

DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C1 H H H N H N H N H N

C2 H H H H H H H H H H

C3 N H N N H H N L H H

C4 N H H H H H H N H H

C5 H H H H H N L H N N

C6 H N H H H H N H H N

C7 N N L H L H L L H N

Table 5  PF criteria matrix for weight calculation

Criteria μ η ν

C1 0.6 0.4 0.0

C2 1.0 0.0 0.0

C3 0.5 0.4 0.1

C4 0.8 0.2 0.0

C5 0.6 0.3 0.1

C6 0.7 0.3 0.0

C7 0.3 0.3 0.4

Table 6  Criteria weights

Criteria μ η ν μ + η/2 Weight

C1 ( +) 0.6 0.4 0.0 0.8 0.1468

C2 ( +) 1.0 0.0 0.0 1.0 0.1835

C3 ( +) 0.5 0.4 0.1 0.7 0.1284

C4 ( +) 0.8 0.2 0.0 0.9 0.1651

C5 ( +) 0.6 0.3 0.1 0.8 0.1376

C6 ( +) 0.7 0.3 0.0 0.9 0.1560

C7 ( −) 0.3 0.3 0.4 0.5 0.0826

Sum 5.5
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of all alternatives with respect to the criteria as opined by the DMs. Here, ‘R’ stands 
for refusal.

Step 5. In this step we form the PF-evaluation matrix based on the responses of the 
DMs (refer Tables 7 and 8). We find the degrees of positive, neutral and negative mem-
berships by proportionate responses (Good or High; Neither Good nor Low or Neither 
High nor Low; Poor or Bad) and find out the respective PFNs. For example,

For the alternative A1 subject to the influence of the criterion C1:
Good = 5 responses; Poor = 1 response; Neither Good nor Poor = 3 responses; 

Refusal = 1 response.

Likewise, we calculate all other PFNs to construct the matrix Ŵ =
[

τij
]

m×n
 as shown in 

the Table 9.
Step 6. Next, we normalize the PF evaluation matrix Γ using the expression (49) and 

formulate the PF decision matrix (see Table 10).
Step 7. The average solution is calculated using the expression (50) with respect to 

each criterion.
For example, γ 1 = µ′

i1,η
′
i1,υ

′
i1

Table 11 provides the values of the average solutions.
Step 8. Next, we calculate the PDA and NDA values using Eqs. (51–52)
For example,

Step 9. Calculation of the grey correlation coefficient (GC) values using Eqs. (53–54) 
wherein we consider ξ = 0.5.

For example,

Step 10. Calculation of the average weighted GC values by applying expressions 
(55–56)

⇒ µ = 0.5;η = 0.3;υ = 0.1

µ′
i1 =

1

14

14
∑

i=1

µi1 = 0.2143; η
′
i1 =

1

14

14
∑

i=1

ηi1 = 0.229; υ
′
i1 =

1

14

14
∑

i=1

υi1 = 0.15

D+
11 =

Max
(

0,
(

S(γ11)− S
(

γ 1

)))

S
(

γ 1

) = 5.22; D−
51 =

Max
(

0,
(

S
(

γ 1

)

− S(γ51)
))

S
(

γ 1

) = 2.56

GP11 =
0.00+ 0.5× 13.00

|13.00− 5.22| + 0.5× 13.00
= 0.455; GN11 =

0.00+ 0.5× 5.67

|5.67− 0.00| + 0.5× 5.67
= 0.333

Table 7  Linguistic evaluation scale for the alternatives

Notion Meaning Indication

G Good Positive membership

P Poor Negative membership

H High Positive membership

L Low Negative membership

N Neither high nor low/ neither good nor poor Neutral membership



Page 17 of 31Biswas and Pamucar ﻿Financial Innovation            (2023) 9:41 	

Table 8  Linguistic evaluation of the alternatives

Criteria DMs A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14

C1 DM1 G G G R R R R N N N G N N N

DM2 P G G G R R R R P P P G R R

DM3 G N G P N P R N R N P N G R

DM4 N N G G R P R R N P G R R R

DM5 G N G N R R R R R R R R R R

DM6 N G G P P G P N P P P P P P

DM7 R R G R R R R R R R R R R R

DM8 G N N N R P R P R N R N N P

DM9 G R G G R R R R R R G N R R

DM10 N G G N R G N N N N G G N R

C2 DM1 G G G R R R R N N N G N N N

DM2 P G G G R R R R P R P R R R

DM3 G G G G N P R N R N N N G R

DM4 G G G G N P P P G P G G R R

DM5 G N G G R R R R R R R R R R

DM6 G G G R R N R R N R R R R R

DM7 R R G R R R R R R R R R R R

DM8 G G N G R P R N R P R G N P

DM9 G R G G R R R R R R G N R R

DM10 N G G N N G G G G N G G G N

C3 DM1 G G G N N N R G R R G R R R

DM2 G G G G R R R R R R G G R R

DM3 G G G G N P R G R N P N G R

DM4 G G G G N P P P N R G G R R

DM5 G P G G R R R R R R R R R R

DM6 G G G N N G R R R R R R R R

DM7 R R G R R R R R R R R R R R

DM8 N G N G R P R N R N R N N P

DM9 G R G G R R R R R R G R R R

DM10 N G G G N N N N G N G G G G

C4 DM1 N G G N N R R N R R P R R R

DM2 R G G G R P R R R R R R R R

DM3 N G G G N N R N R N R N N R

DM4 N G G G P P P P G N N N R R

DM5 G G G G R R R R R R R R R R

DM6 G G G N P G R R N R R R R R

DM7 R R G R R R R R R R R R R R

DM8 G G G N R P R N R N R G N P

DM9 N R N G R R R R R R N R R R

DM10 N G G G N N G N G N G G G N
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Steps 11–12. Normalization of the average weighted GC values and final ranking using 
Eqs. (57–59). Table 12 summarizes the calculated results for steps 10–12 and final ranking 
results.

It is seen that PhonePe (A3), Google Pay (A2), Amazon Pay (A4) and PayTM (A1) hold 
top positions. From the responses, it is revealed that user friendliness, wide variety of use 
and familiarity and awareness about the products help reducing the uncertainty factors and 
obtaining positive impressions from the users. On the other hand, JioMoney (A8), Mobik-
wik (A10), Freecharge (A5) and BHIM Axis Pay (A6) are the botton-level performers for 
not so attractive on previously mentioned factors.

Table 8  (continued)

Criteria DMs A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14

C5 DM1 G P G N N R R N R R P R R R

DM2 R P G R R R R R R R R R R R

DM3 G N G G N P R G R N P N N R

DM4 G G G G R P P P G P P P P P

DM5 G G G G R R R R R R R R R R

DM6 G G G G P P R R R R R R R R

DM7 R R G R R R R R R R R P R R

DM8 G N N G R P R N R N R P N N

DM9 N R N G R R R R R R R R R R

DM10 N G G G N N G N G N G G N G

C6 DM1 G G G R R R R N R R G R R R

DM2 P G G G R R R R G R G G R R

DM3 N G N N N G R N R N G N N R

DM4 G G G G R P R R G R R R R R

DM5 G G G G R R R R R R R R R R

DM6 G G G G P G R R G R R R R R

DM7 R R G R R R R R R R R R R R

DM8 P N N N R G R P R N R N P G

DM9 N R N N R R R R R R G R R R

DM10 N G G N N N G N G N G G G G

C7 DM1 L L L H R R R R R R H R R R

DM2 L L L L H R R R L R L L R R

DM3 L L L R N H R N R N H N N R

DM4 H L L L H H N L R H L L R R

DM5 H H H H R R R R R R R R R R

DM6 N N N N R R R R R R R R R R

DM7 R R H R R R R R R R R R R R

DM8 L L L N R H R N R N R N L H

DM9 L R L L R R R R R R L R R R

DM10 N H H N N H H N H H H H H H
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Validation and sensitivity analysis
The results obtained by using a particular MCDA technique require to be rational, 
reliable, bias free, and stable (Mukhametzyanov 2021; Baydaş and Elma 2021). The 
ranking by a MCDA method undergoes variations in preferential ordering because 
of several reasons such as change in the criteria weights, selection of normalization 
schemes, inclusion of a new and/or exclusion of an existing alternative(s), presence 
of a considerable amount of subjectivity, selection of appropriate criteria and defin-
ing their true nature (Bobar et al. 2020; Pamučar et al. 2016, 2019; Ecer and Pamucar 
2020; Biswas et  al. 2019; Gupta et  al. 2019; Biswas and Pamucar 2020). As a result, 
in many cases, extant literature pointed out various drawbacks of MCDA techniques 
such as inconsistency in ranking (given a problem) between any two algorithms and/
or among different experimental setups of a particular algorithm, and rank rever-
sal phenomena (Žižović et  al. 2020; Pamučar et  al. 2017). Belton and Gear (Belton 
and Gear 1985) remarked that rank reversal is one of worst problem that lead highly 
inconsistent, illogical and wrong decisions using MCDA techniques. Therefore, it 
is imperative to check the validity and stability of the results obtained by using our 
proposed methodology. In this paper, we check the validity of results by comparing 
with the outcome of other algorithms. We then check the efficacy of our method with 
respect to the rank reversal problem. Finally, for examining the stability of the results 
we perform the sensitivity analysis. In the following sub-sections, we present the find-
ings of all these tests.

Comparison with results obtained from other MCDA frameworks

For comparing the results obtained from our method with that of other algorithms, 
we conduct two tests.

First, we perform the comparative ranking of the mobile wallets using the PF TOP-
SIS methodology used in Yang and He (2019).

Table 12  Grey-correlation based ranking of wallets

Mobile wallets GCP GCN N-GCP N-GCN GAS Rank

A1 0.0750 0.0483 0.5252 0.5897 0.5575 4

A2 0.0950 0.0476 0.6650 0.5954 0.6302 2

A3 0.1429 0.0476 1.0000 0.5954 0.7977 1

A4 0.0749 0.0476 0.5241 0.5954 0.5598 3

A5 0.0476 0.0945 0.3333 0.1973 0.2653 13

A6 0.0476 0.1177 0.3333 0.0000 0.1667 14

A7 0.0476 0.0708 0.3333 0.3987 0.3660 9

A8 0.0487 0.0811 0.3407 0.3111 0.3259 11

A9 0.0507 0.0586 0.3547 0.5022 0.4284 7

A10 0.0476 0.0825 0.3333 0.2992 0.3163 12

A11 0.0538 0.0556 0.3764 0.5273 0.4518 5

A12 0.0497 0.0527 0.3482 0.5526 0.4504 6

A13 0.0476 0.0602 0.3333 0.4885 0.4109 8

A14 0.0476 0.0786 0.3333 0.3323 0.3328 10
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Next, we use the actual score calculations of PFNs (Si et al. 2019) in the basic frame-
work of EDAS method (Ghorabaee et al. 2015) for preferential ordering of the wallets. 
This provides an extension of the classical EDAS method in PF domain (ASPF-EDAS) 
which we use in our paper.

Table 13 shows that the ranking derived by using our GCPF-EDAS method is con-
sistent with the results provided by PF-TOPSIS and ASPF-EDAS. Table 14 highlights 
that the rank correlations are strong and statistically significant.

Rank reversal test

Rank reversal is typical issue vis-à-vis MCDA methodologies wherein the original 
ranking order of the alternatives gets changed with effect of inclusion of a new alter-
native or exclusion of an existing alternative (Pamučar et  al. 2017; Belton and Gear 
1985; Biswas et  al. 2021a). In our paper, we perform the rank reversal test for the 
proposed GCPF-EDAS method by deleting a particular alternative, say A9 from the 
system given ξ = 0.5. We find the following result.

Original order:

Revised order (after deleting A9)

A3 ≻ A2 ≻ A4 ≻ A1 ≻ A11 ≻ A12 ≻ A9 ≻ A13 ≻ A7 ≻ A14 ≻ A8 ≻ A10 ≻ A5 ≻ A6

Table 13  Comparison of ranking

Mobile wallets Ranking results

GCPF-EDAS PF-TOPSIS ASPF-EDAS

A1 4 4 4

A2 2 2 2

A3 1 1 1

A4 3 3 3

A5 13 11 13

A6 14 14 14

A7 9 12 9

A8 11 8 10

A9 7 7 7

A10 12 10 12

A11 5 5 5

A12 6 6 6

A13 8 9 8

A14 10 13 11

Table 14  Rank correlation test I

** Correlation is significant at the 0.01 level (2-tailed)

Coefficient Method PF_TOPSIS ASPF_EDAS

Kendall’s τ GCPF_EDAS 0.846** 0.978**

Spearman’s ρ 0.921** 0.996**
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Therefore, we find that GCPF-EDAS does not suffer from the rank reversal problem.

Sensitivity analysis

The sensitivity analysis is conducted to the effect of variations in the given conditions 
on the ranking result provided by a particular MCDA algorithm. In other word, the pur-
pose of carrying out the sensitivity analysis is to ascertain the stability of the outcome 
of the MCDA methods (Pamučar and Ćirović 2015). The change in the criteria weights 
is one of the major sources of variations in the given conditions that affect the results 
of MCDA methods. Hence, one of the popular ways to carry out the sensitivity analysis 
is exchange of criteria weights (Önüt et al. 2009; Biswas and Anand 2020; Biswas et al. 
2021b; Pramanik et al. 2021). In our paper, we follow this scheme which is demonstrated 
in the Table 15.

We carry out the comparative ranking of the alternatives for each experimental cases 
such as Exp 1, Exp 2, Exp 3, and Exp 4. Table 16 summarizes the results and Table 17 
shows the results of rank correlation test. We observe that GCPF-EDAS yields a stable 
ranking result as the ranking orders under different cases are significantly correlated 

A3 ≻ A2 ≻ A4 ≻ A1 ≻ A11 ≻ A12 ≻ A13 ≻ A7 ≻ A14 ≻ A8 ≻ A10 ≻ A5 ≻ A6

Table 15  Experiments for the sensitivity analysis

The bold cells indicate the exchange of criteria weights among them

Criteria C1 C2 C3 C4 C5 C6 C7

Cases ( +) ( +) ( +) ( +) ( +) ( +) ( −)

Original 0.14679 0.18349 0.12844 0.16514 0.13761 0.15596 0.08257

Exp 1 0.14679 0.08257 0.12844 0.16514 0.13761 0.15596 0.18349
Exp 2 0.14679 0.12844 0.18349 0.16514 0.13761 0.15596 0.08257

Exp 3 0.16514 0.18349 0.12844 0.14679 0.13761 0.15596 0.08257

Exp 4 0.14679 0.18349 0.08257 0.16514 0.13761 0.15596 0.12844

Table 16  Comparison of ranking orders (sensitivity analysis)

Mobile wallets Rank

Original Exp 1 Exp 2 Exp 3 Exp 4

A1 4 3 4 3 3

A2 2 2 2 2 2

A3 1 1 1 1 1

A4 3 4 3 4 4

A5 13 13 13 13 13

A6 14 14 14 14 14

A7 9 9 9 9 9

A8 11 11 11 11 11

A9 7 7 7 7 7

A10 12 12 12 12 12

A11 5 6 5 5 6

A12 6 5 6 6 5

A13 8 8 8 8 8

A14 10 10 10 10 10
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with each other and with that of the original case. Figure  1 pictorially supports this 
finding and concludes that GCPF-EDAS performs considerably well in the sensitivity 
analysis.

Further, we move on to vary the values of ξ and examine the impact on the final rank-
ing. Table  18 shows the comparative ranking (following usual procedural steps of our 
proposed framework) of M-wallets under study with varying values of ξ. We observe 
that GCPF-EDAS provides considerably similar ranking pattern even with varying ξ.

Conclusion and future scope
In this paper, we address a real-life problem of mobile wallet selection in the Indian 
context. We use the views of the users in this regard. We follow the fundamen-
tal framework of TAM vis-à-vis service quality dimensions for selection of criteria. 
We select a list of 14 popular mobile wallet service providers in India. These mobile 
wallets are used in various applications. Since, any subjective opinion based group 

Table 17  Rank correlation test II

**Correlation is significant at the 0.01 level (2-tailed)

Coefficient Case Original Exp1 Exp2 Exp3 Exp4

Kendall’s τ Original 1

Exp1 .956** 1

Exp2 1.000** .956** 1

Exp3 .978** .978** .978** 1

Exp4 .956** 1.000** .956** .978** 1

Spearman’s ρ Original 1

Exp1 .991** 1

Exp2 1.000** .991** 1

Exp3 .996** .996** .996** 1

Exp4 .991** 1.000** .991** .996** 1

Fig. 1  Results of the sensitivity analysis
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decision-making involves a significant amount of uncertainty and impreciseness; 
most often deterministic models do not give appropriate results. Therefore, we carry 
out our analysis under uncertain environment using PFNs. Further due to an increas-
ing level of uncertainty, past studies used the grey concept. In our work, we propose 
a GCPF-EDAS framework for comparative analysis. However, we also extend the fun-
damental algorithm of EDAS method in PF domain by using actual score based analy-
sis. We investigate the stability and robustness of our method by comparing with the 
results of PF-TOPSIS and actual score based PF-EDAS method and carrying out a 
sensitivity analysis. We find that user friendliness, features, and awareness are some 
of the factors that influence the final ranking.

However, this paper has some scope for future work too. Firstly, this paper presents 
a small-scale nonparametric analysis. The same may be further tested by carrying out 
a large scale empirical analysis. Secondly, the interrelationship among the criteria may 
be tested by using causal models. Thirdly, the influence of the individual criterion on 
the pre-purchase, purchase and post-purchase decisions shall be examined. Fourthly, 
in the present study, we have selected the criteria in line with the findings of the prior 
research following the fundamental framework of TAM and UTAUT. However, there 
is a possibility to utilize the theoretical lens of TAM and UTAUT and other theories 
of consumer behaviour such as Consumer Experience (CX), Brand Experience (BX) 
for exploring the criteria for comparing the M-Wallets and then carry out the com-
parative analysis. Fifthly, one of the major future scopes of the present paper is to 
consider objective measurements for the comparative evaluation of the M-Wallets. 
In this study, we have considered objective criteria such as no of end users, subscrip-
tion or transactional value per year, market share, growth in the customer bases, vari-
ety of services in terms of product offerings, transactional cost value etc. One future 
study may use these objective attributes to compare the M-Wallets and may carry out 
a comparative analysis of the rankings based on objective and subjective information 

Table 18  Comparison of ranking orders (sensitivity analysis with varying ξ)

Mobile wallets Ranking_ GCPF-EDAS

ξ = 0.5 ξ = 0.9 ξ = 0.1

A1 4 4 3

A2 2 2 2

A3 1 1 1

A4 3 3 4

A5 13 13 13

A6 14 14 14

A7 9 9 9

A8 11 10 12

A9 7 7 7

A10 12 12 11

A11 5 5 5

A12 6 6 6

A13 8 8 8

A14 10 11 10
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respectively. Sixthly, we are also curious to see the behavioural pattern of the digi-
tally low-literate consumers vis-à-vis selection of the mobile wallets as the govern-
ment of India intends to expand the usage of digital payments in the long run for 
financial inclusion and prevention of corruption towards a vision of creating a cash-
less economy. Seventhly, technically the GCPF-EDAS framework can be used in solv-
ing various other problems involving multiple criteria. The procedural steps of this 
method may be followed to extend several other MCDA methods with imprecise 
information. Eight, in this paper we have used Type I PFS along with GC. However, a 
future attempt may include Type II PFS wherein membership function is itself fuzzy 
in nature. In that case, a further granular analysis at individual DM level may be car-
ried out. Finally, apart from PFS, our model may be extended using the Neutrosophic 
Fuzzy Sets (NFS) which is a generalization of PFS. A possible future study may look at 
the possibility to extend EDAS method with a combination of NFS and GC.

Nevertheless, we believe that the above-mentioned future scopes do not undermine 
the usefulness of this study as within our best possible search we could notice that a 
work of this kind is quite rare. Further, the outcome of this paper shall provide neces-
sary impetus to the corporate decision-makers and the organizations for formulating 
their future courses of actions. Our framework provides wide options (positive, negative, 
neutral and refusal membership choices and flexibility in selecting differentiating coeffi-
cient values) according to their preferences to decision-makers. Therefore, the proposed 
method may be applied to solve various real-life global issues such as portfolio selection 
for stock market investments, facility location selection for global operations, compar-
ison of promotional strategies for product launching in global markets among others. 
For the problem of M-Wallet selection, our framework may be applied to compare glob-
ally accepted solutions taking opinions of the consumers from various countries. How-
ever, the choice criteria may vary in some countries (for example, developed nations and 
developing countries like India). This is perhaps a global limitation of the model used for 
comparing M-Wallets in India which may be solved by adding a prior Delphi study in 
conjunction with our GCPF-EDAS algorithm.

Abbreviations
TAM	� Technology Acceptance Model
TRA​	� Theory of reasoned action
TPB	� Theory of planned behaviour
UTAUT​	� Unified theory of acceptance and use of technology
M-Wallet	� Mobile wallet
MCDA	� Multi-criteria decision analysis
EDAS	� Evaluation based on distance from average solution
GCPF-EDAS	�Grey correlation-based Picture Fuzzy-Evaluation based on Distance from Average Solution
TOPSIS	� The Technique for Order of Preference by Similarity to Ideal Solution
VIKOR	� VlseKriterijumska Optimizacija I Kompromisno Resenje
PDA	� Positive distance from the average
NDA	� Negative distance from the average
PF	� Picture fuzzy
PFS	� Picture fuzzy sets
IFS	� Intuitionistic fuzzy sets
PFN	� Picture fuzzy numbers
GC	� Grey correlation
GRA​	� Grey relational analysis
GOI	� Government of India
POS	� Point of sale
DM	� Decision makers
DMU	� Decision making units



Page 28 of 31Biswas and Pamucar ﻿Financial Innovation            (2023) 9:41 

Author contributions
The authors have equally contributed to develop the paper. Both authors read and approved the final manuscript.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 1 March 2022   Accepted: 16 December 2022

References
Ajzen I (1991) The theory of planned behavior. Organ Behav Hum Decis Process 50(2):179–211
Ajzen I, Fishbein M (1980) Understanding attitudes and predicting social behaviour. Prentice Hall, Englewood Cliffs
Asante D, He Z, Adjei NO, Asante B (2020) Exploring the barriers to renewable energy adoption utilising MULTIMOORA-

EDAS method. Energy Policy 142:111479
Asher V (2020) Smartphone users in India 2015–2025. Statista Report. Retrieved from https://​www.​stati​sta.​com/​stati​stics/​

467163/​forec​ast-​of-​smart​phone-​users-​in-​india/. Accessed 14 Jan 2021
Attour A, Burger-Helmchen T, Zhong J, Nieminen M (2015) Resource-based co-innovation through platform ecosystem: 

experiences of mobile payment innovation in China. J Strateg Manag 8(3):283–298. https://​doi.​org/​10.​1108/​
JSMA-​03-​2015-​0026

Aydin G, Burnaz S (2016) Adoption of mobile payment systems: a study on mobile wallets. J Bus Econ Finance 5(1):73–92
Badi I, Pamucar D (2020) Supplier selection for Steelmaking Company by using combined Grey-MARCOS methods. Decis 

Mak Appl Manag Eng 3(2):37–48
Baydaş M, Elma OE (2021) An objectıve criteria proposal for the comparison of MCDM and weighting methods in finan-

cial performance measurement: an application in Borsa Istanbul. Decis Mak Appl Manag Eng 4(2):257–279
Behzad M, Zolfani SH, Pamucar D, Behzad M (2020) A comparative assessment of solid waste management performance 

in the Nordic countries based on BWM-EDAS. J Clean Prod. https://​doi.​org/​10.​1016/j.​jclep​ro.​2020.​122008
Belton V, Gear T (1985) The legitimacy of rank reversal—a comment. Omega 13(3):143–144
Biswas S (2020) Exploring the implications of digital marketing for higher education using intuitionistic fuzzy group deci-

sion making approach. BIMTECH Bus Perspect 2(1):33–51
Biswas S, Anand OP (2020) Logistics competitiveness index-based comparison of BRICS and G7 countries: an integrated 

PSI-PIV approach. IUP J Supply Chain Manag 17(2):32–57
Biswas S, Pamucar D (2020) Facility location selection for b-schools in Indian context: a multi-criteria group decision 

based analysis. Axioms 9:3–77
Biswas S, Pamučar DS (2021) Combinative distance based assessment (CODAS) framework using logarithmic normaliza-

tion for multi-criteria decision making. Serb J Manag. https://​doi.​org/​10.​5937/​sjm16-​27758
Biswas S, Bandyopadhyay G, Guha B, Bhattacharjee M (2019) An ensemble approach for portfolio selection in a multi-

criteria decision making framework. Decis Mak Appl Manag Eng 2(2):138–158
Biswas S, Pamucar D, Chowdhury P, Kar S (2021a) A new decision support framework with picture fuzzy information: 

comparison of video conferencing platforms for higher education in India. Discrete Dyn Nat Soc. https://doi.
org/10.1155/2021a/2046097

Biswas S, Pamucar D, Kar S, Sana SS (2021b) A new integrated FUCOM–CODAS framework with Fermatean fuzzy informa-
tion for multi-criteria group decision-making. Symmetry 13(12):2430

Bobar Z, Božanić D, Djurić K, Pamučar D (2020) Ranking and assessment of the efficiency of social media using the fuzzy 
AHP-Z number model-fuzzy MABAC. Acta Polytech Hungarica 17:43–70

Chakraborty S, Das PP, Kumar V (2018) Application of grey-fuzzy logic technique for parametric optimization of non-
traditional machining processes. Grey Syst Theory Appl 8(1):46–68

Chakraborty S, Chatterjee P, Das PP (2019) Cotton fabric selection using a Grey Fuzzy relational analysis approach. J Inst 
Eng India Ser E 100(1):21–36

Chatterjee P, Chakraborty S (2012) Materials selection using COPRAS and COPRAS-G methods. Int J Mater Struct Integr 
6(2–4):111–133

Chattopadhyay A, Chatterjee R, Saha A (2017) A study to gauge consumer orientation towards E-Wallet service providers 
in urban India. Kindler J Army Inst Manag Kolkata XVII(1):17–32

Chatterjee P, Banerjee A, Mondal S, Boral S, Chakraborty S (2018) Development of a hybrid meta-model for material selec-
tion using design of experiments and EDAS method. Eng Trans 66(2):187–207

Chen LD, Nath R (2008) Determinants of mobile payments: an empirical analysis. J Int Technol Inf Manag 17(1):9–20
Chithambaranathan P, Subramanian N, Gunasekaran A, Palaniappan PK (2015) Service supply chain environmental per-

formance evaluation using grey based hybrid MCDM approach. Int J Prod Econ 166:163–176
Cuong BC, Kreinovich V (2013) Picture Fuzzy Sets-a new concept for computational intelligence problems. In: 2013 Third 

world congress on information and communication technologies (WICT 2013). IEEE, pp 1–6
Cuong BC, Kreinovich V (2014) Picture fuzzy sets. J Comput Sci Cybernet 30(4):409–420
Cuong CB, Son HL (2015) Some selected problems of modern soft computing. Expert Syst Appl 42:51–66
Dahlberg T, Guo J, Ondrus J (2015) A critical review of mobile payment research. Electron Commer Res Appl 

14(5):265–284
Das P, Chakraborty S (2022) Application of grey correlation-based EDAS method for parametric optimization of non-

traditional machining processes. Sci Iran 29(2):864–882. https://​doi.​org/​10.​24200/​sci.​2020.​53943.​3499

https://www.statista.com/statistics/467163/forecast-of-smartphone-users-in-india/
https://www.statista.com/statistics/467163/forecast-of-smartphone-users-in-india/
https://doi.org/10.1108/JSMA-03-2015-0026
https://doi.org/10.1108/JSMA-03-2015-0026
https://doi.org/10.1016/j.jclepro.2020.122008
https://doi.org/10.5937/sjm16-27758
https://doi.org/10.24200/sci.2020.53943.3499


Page 29 of 31Biswas and Pamucar ﻿Financial Innovation            (2023) 9:41 	

Das PP, Diyaley S, Chakraborty S, Ghadai RK (2019) Multi-objective optimization of wire electro discharge machining 
(WEDM) process parameters using grey-fuzzy approach. Periodica Polytechnica Mech Eng 63(1):16–25

Davis FD (1989) Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q 
13(3):319–340

Dennehy D, Sammon D (2015) Trends in mobile payments research: a literature review. J Innov Manag 3(1):49–61
Dogra S, Pal M (2020a) Picture fuzzy matrix and its application. Soft Comput 24(13):9413–9428
Dogra S, Pal M (2020b) m-Polar picture fuzzy ideal of a BCK algebra. Int J Comput Intell Syst 13(1):409–420
Dogra S, Pal M (2021) Picture fuzzy subring of a crisp ring. Proc Natl Acad Sci India Sect A 91(3):429–434
Duncombe R, Boateng R (2009) Mobile phones and financial services in developing countries: a review of concepts, 

methods, issues, evidence and future research directions. Third World Q 30(7):1237–1258
Dwivedi YK, Tamilmani K, Williams MD, Lal B (2014) Adoption of M-commerce: examining factors affecting intention and 

behaviour of Indian consumers. Int J Indian Cult Bus Manag 8(3):345–360
Ecer F (2018) Third-party logistics (3PLs) provider selection via fuzzy AHP and EDAS integrated model. Technol Econ Dev 

Econ 24(2):615–634
Ecer F, Pamucar D (2020) Sustainable supplier selection: a novel integrated fuzzy best worst method (F-BWM) and fuzzy 

CoCoSo with Bonferroni (CoCoSo’B) multi-criteria model. J Clean Prod 266:121981. https://​doi.​org/​10.​1016/j.​jclep​
ro.​2020.​121981

Feng X, Wei C, Liu Q (2018) EDAS method for extended hesitant fuzzy linguistic multi-criteria decision making. Int J Fuzzy 
Syst 20(8):2470–2483

Fishbein M, Ajzen I (1975) Belief, attitude, intention, and behavior: an introduction to theory and research. Addison-
Wesley, Reading

Flood D, West T, Wheadon D (2013) Trends in mobile payments in developing and advanced economies. Reserve bank of 
Australia, Australia

Ghorabaee MK, Zavadskas EK, Olfat L, Turskis Z (2015) Multi-criteria inventory classification using a new method of evalu-
ation based on distance from average solution (EDAS). Informatica 26:435–451. https://​doi.​org/​10.​15388/​Infor​
matica.​2015.​57

Ghorabaee MK, Zavadskas EK, Amiri M, Turskis Z (2016) Extended EDAS method for fuzzy multi-criteria decision-making: 
an application to supplier selection. Int J Comput Commun Control 11:358–371. https://​doi.​org/​10.​15837/​ijccc.​
2016.3.​2557

Ghorabaee MK, Amiri M, Zavadskas EK, Turskis Z, Antucheviciene J (2017a) A new multi-criteria model based on interval 
type-2 fuzzy sets and EDAS method for supplier evaluation and order allocation with environmental considera-
tions. Comput Ind Eng 112:156–174. https://​doi.​org/​10.​1016/j.​cie.​2017.​08.​017

Ghorabaee MK, Amiri M, Zavadskas EK, Turskis Z, Antucheviciene J (2017b) Stochastic EDAS method for multi-criteria 
decision-making with normally distributed data. J Intell Fuzzy Syst 33:1627–1638. https://​doi.​org/​10.​3233/​
JIFS-​17184

Ghorabaee MK, Amiri M, Zavadskas EK, Turskis Z (2017c) Multi-criteria group decision-making using an extended 
EDAS method with interval type-2 fuzzy sets. E & M Ekonomie a Manag 20:48–68. https://doi.org/10.15240/
tul/001/2017c-1-004

Ghorabaee MK, Amiri M, Zavadskas EK, Turskis Z, Antucheviciene J (2018a) A dynamic fuzzy approach based on the EDAS 
method for multi-criteria subcontractor evaluation. Information 9:68. https://​doi.​org/​10.​3390/​info9​030068

Ghorabaee MK, Amiri M, Zavadskas EK, Turskis Z, Antucheviciene J (2018b) A comparative analysis of the rank reversal 
phenomenon in the EDAS and TOPSIS methods. Econom Comput Econom Cybernet Stud Res 52(3):121–134

Gupta S, Bandyopadhyay G, Bhattacharjee M, Biswas S (2019) Portfolio selection using DEA-COPRAS at risk–return inter-
face based on NSE (India). Int J Innov Technol Explor Eng 8(10):4078–4086

Hasheminasab H, Hashemkhani Zolfani S, Bitarafan M, Chatterjee P, Abhaji Ezabadi A (2019) The role of façade materials 
in blast-resistant buildings: an evaluation based on fuzzy Delphi and fuzzy EDAS. Algorithms 12:6–119

Hong S, Thong JY, Tam KY (2006) Understanding continued information technology usage behavior: a comparison of 
three models in the context of mobile internet. Decis Support Syst 42(3):1819–1834

Huang KY, Jane CJ (2009) A hybrid model for stock market forecasting and portfolio selection based on ARX, grey system 
and RS theories. Expert Syst Appl 36(3):5387–5392

Ilieva G (2018) Group decision analysis algorithms with EDAS for interval fuzzy sets. Cybernet Inf Technol 18(2):51–64
Ilieva G, Yankova T, Klisarova-Belcheva S (2018) Decision analysis with classic and fuzzy EDAS modifications. Comput Appl 

Math 37(5):5650–5680
Jack W, Suri T (2011) Mobile money: the economics of M-PESA (No. w16721). National Bureau of Economic Research
Jovčić S, Simić V, Průša P, Dobrodolac M (2020) Picture fuzzy ARAS method for freight distribution concept selection. 

Symmetry 12(7):1062
Julong D (1982) Control problems of grey systems. Syst Control Lett 1(5):288–294
Julong D (1989) Introduction to grey system theory. J Grey Syst 1(1):1–24
Kahraman C, Ghorabaee MK, Zavadskas EK, Onar SC, Yazdani M, Oztaysi B (2017) Intuitionistic fuzzy EDAS method: an 

application to solid waste disposal site selection. J Environ Eng Landsc Manag 25(1):1–12
Kapoor KK, Dwivedi YK, Williams MD (2014) Conceptualising the role of innovation: attributes for examining consumer 

adoption of mobile innovations. Mark Rev 14(4):405–428
Kapoor A, Sindwani R, Goel M (2020) Mobile wallets: theoretical and empirical analysis. Glob Bus Rev. https://​doi.​org/​10.​

1177/​09721​50920​961254
Karasan A, Kahraman C (2018a) Interval-valued neutrosophic extension of EDAS method. In: Kacprzyk J, Szmidt E, 

Zadrozny S, Atanassov KT, Krawczak M (eds) Advances in fuzzy logic and technology 2017, vol 642, pp 343–357. 
https://​doi.​org/​10.​1007/​978-3-​319-​66824-6_​31

Karaşan A, Kahraman C (2018b) A novel interval-valued neutrosophic EDAS method: prioritization of the United Nations 
national sustainable development goals. Soft Comput 22(15):4891–4906

Karmakar P, Dutta P, Biswas S (2018) Assessment of mutual fund performance using distance based multi-criteria decision 
making techniques—an Indian perspective. Res Bull 44(1):17–38

https://doi.org/10.1016/j.jclepro.2020.121981
https://doi.org/10.1016/j.jclepro.2020.121981
https://doi.org/10.15388/Informatica.2015.57
https://doi.org/10.15388/Informatica.2015.57
https://doi.org/10.15837/ijccc.2016.3.2557
https://doi.org/10.15837/ijccc.2016.3.2557
https://doi.org/10.1016/j.cie.2017.08.017
https://doi.org/10.3233/JIFS-17184
https://doi.org/10.3233/JIFS-17184
https://doi.org/10.3390/info9030068
https://doi.org/10.1177/0972150920961254
https://doi.org/10.1177/0972150920961254
https://doi.org/10.1007/978-3-319-66824-6_31


Page 30 of 31Biswas and Pamucar ﻿Financial Innovation            (2023) 9:41 

Kendall MG (1948) Rank correlation methods. Griffin
Kuganathan KV, Wikramanayake GN (2014) Next generation smart transaction touch points. In: 14th International Confer-

ence on Advances in ICT for Emerging Regions (ICTER). IEEE, pp 96–102. https://​ieeex​plore.​ieee.​org/​docum​ent/​
70838​86

Kumar D, Martin D, O’Neill J (2011) The times they are a-changin’ mobile payments in India. In: Proceedings of the SIGCHI 
conference on human factors in computing systems, pp 1413–1422

Kundakcı N (2019) An integrated method using MACBETH and EDAS methods for evaluating steam boiler alternatives. J 
Multi-Criteria Decis Anal 26(1–2):27–34

Leavitt N (2012) Are mobile payments ready to cash in yet? Computer 45(9):15–18
Li YY, Wang JQ, Wang TL (2019) A linguistic neutrosophic multi-criteria group decision-making approach with EDAS 

method. Arab J Sci Eng 44(3):2737–2749
Li Z, Wei G, Wang R, Wu J, Wei C, Wei Y (2020) EDAS method for multiple attribute group decision making under q-rung 

orthopair fuzzy environment. Technol Econ Dev Econ 26(1):86–102
Liébana-Cabanillas F, Sánchez-Fernández J, Muñoz-Leiva F (2014) Antecedents of the adoption of the new mobile pay-

ment systems: the moderating effect of age. Comput Hum Behav 35:464–478
Liébana-Cabanillas F, Japutra A, Molinillo S, Singh N, Sinha N (2020a) Assessment of mobile technology use in the emerg-

ing market: analyzing intention to use m-payment services in India. Telecommun Policy 44(9):102009. https://​doi.​
org/​10.​1016/j.​telpol.​2020a.​102009

Liébana-Cabanillas F, García-Maroto I, Muñoz-Leiva F, Ramos-de-Luna I (2020b) Mobile payment adoption in the age of 
digital transformation: the case of Apple Pay. Sustainability 12(13):5443

Madan K, Yadav R (2016) Behavioural intention to adopt mobile wallet: a developing country perspective. J Indian Bus 
Res 8(3):227–244

Manikandan S, Jayakodi JM (2017) An empirical study on consumer’s adoption of mobile wallet with special reference to 
Chennai city. Int J Res Granthaalayah 5(5):107–115

Mei YC, Aun NB (2019) Factors influencing consumers’ perceived usefulness of M-Wallet in Klang Valley, Malaysia. Rev 
Integr Bus Econ Res 8:1–23

Mittal S, Kumar V (2018) Adoption of Mobile Wallets in India: an analysis. IUP J Inf Technol 14(1):42–57
Mukhametzyanov I (2021) Specific character of objective methods for determining weights of criteria in MCDM prob-

lems: entropy, CRITIC and SD. Decis Mak Appl Manag Eng 4(2):76–105
Nandi S, Banerjee P (2020) COVID-19: digital payments see uptick in user base. Live Mint. https://​www.​livem​int.​com/​

news/​india/​covid-​19-​digit​al-​payme​nts-​see-​uptick-​in-​user-​base-​11584​61025​5566.​html
Önüt S, Kara SS, Işik E (2009) Long term supplier selection using a combined fuzzy MCDM approach: a case study for a 

telecommunication company. Expert Syst Appl 36(2):3887–3895
Padiya J, Bantwa A (2018) Adoption of E-wallets: a post demonetisation study in Ahmedabad City. Pac Bus Rev Int 

10(10):84–95
Pal A, Herath T, Rao HR (2019) A review of contextual factors affecting mobile payment adoption and use. J Bank Financ 

Technol 3(1):43–57
Pal A, Herath T, De’ R, Rao HR (2020) Contextual facilitators and barriers influencing the continued use of mobile payment 

services in a developing country: insights from adopters in India. Inf Technol Dev 26(2):394–420
Pamucar D (2020) Normalized weighted geometric Dombi Bonferoni mean operator with interval grey numbers: applica-

tion in multicriteria decision making. Rep Mech Eng 1(1):44–52
Pamučar D, Ćirović G (2015) The selection of transport and handling resources in logistics centers using Multi-Attributive 

Border Approximation area Comparison (MABAC). Expert Syst Appl 42(6):3016–3028
Pamučar DS, Božanić DI, Kurtov DV (2016) Fuzzification of the Saaty’s scale and a presentation of the hybrid fuzzy AHP-

TOPSIS model: an example of the selection of a brigade artillery group firing position in a defensive operation. 
Vojnotehnički Glasnik 64(4):966–986

Pamučar DS, Božanić D, Ranđelović A (2017) Multi-criteria decision making: an example of sensitivity analysis. Serb J 
Manag 12(1):1–27

Pamučar DS, Ćirović G, Božanić D (2019) Application of interval valued fuzzy-rough numbers in multi-criteria decision 
making: the IVFRN-MAIRCA model. Yugoslav J Oper Res 29(2):221–247

Pamucar D, Torkayesh AE, Biswas S (2022) Supplier selection in healthcare supply chain management during the 
COVID-19 pandemic: a novel fuzzy rough decision-making approach. Ann Oper Res. https://​doi.​org/​10.​1007/​
s10479-​022-​04529-2

Peng XD, Liu C (2017) Algorithms for neutrosophic soft decision making based on EDAS, new similarity measure and 
level soft set. J Intell Fuzzy Syst 32:955–968. https://​doi.​org/​10.​3233/​JIFS-​161548

Petter S, DeLone W, McLean ER (2013) Information systems success: the quest for the independent variables. J Manag Inf 
Syst 29(4):7–62

Phonthanukitithaworn C, Sellitto C, Fong MWL (2015) User intentions to adopt mobile payment services: a study of early 
adopters in Thailand. J Internet Bank Commer 20(1):1–29

Pousttchi K, Wiedemann DG (2007) What influences consumers’ intention to use mobile payments. LA Global Mobility 
Round table, 1–16

Pramanik PKD, Biswas S, Pal S, Marinković D, Choudhury P (2021) A comparative analysis of multi-criteria decision-making 
methods for resource selection in mobile crowd computing. Symmetry 13(9):1713

Sharma G, Kulshreshtha K (2019) Mobile wallet adoption in India: an analysis. IUP J Bank Manag 18(1):7–26
Shin DH (2009) Towards an understanding of the consumer acceptance of mobile wallet. Comput Hum Behav 

25(6):1343–1354
Si A, Das S, Kar S (2019) An approach to rank picture fuzzy numbers for decision making problems. Decis Mak Appl 

Manag Eng 2(2):54–64
Singh N, Sinha N (2020) How perceived trust mediates merchant’s intention to use a mobile wallet technology. J Retail 

Consum Serv 52:101894

https://ieeexplore.ieee.org/document/7083886
https://ieeexplore.ieee.org/document/7083886
https://doi.org/10.1016/j.telpol.2020a.102009
https://doi.org/10.1016/j.telpol.2020a.102009
https://www.livemint.com/news/india/covid-19-digital-payments-see-uptick-in-user-base-11584610255566.html
https://www.livemint.com/news/india/covid-19-digital-payments-see-uptick-in-user-base-11584610255566.html
https://doi.org/10.1007/s10479-022-04529-2
https://doi.org/10.1007/s10479-022-04529-2
https://doi.org/10.3233/JIFS-161548


Page 31 of 31Biswas and Pamucar ﻿Financial Innovation            (2023) 9:41 	

Singh N, Sinha N, Liébana-Cabanillas FJ (2020) Determining factors in the adoption and recommendation of mobile 
wallet services in India: analysis of the effect of innovativeness, stress to use and social influence. Int J Inf Manag 
50:191–205

Sinha M, Majra H, Hutchins J, Saxena R (2019) Mobile payments in India: the privacy factor. Int J Bank Mark 37(1):192–209
Son LH (2016) Generalized picture distance measure and applications to picture fuzzy clustering. Appl Soft Comput 

46:284–295
Son LH (2017) Measuring analogousness in picture fuzzy sets: from picture distance measures to picture association 

measures. Fuzzy Optim Decis Mak 16:359–378
Stanujkic D, Zavadskas EK, Ghorabaee MK, Turskis Z (2017) An extension of the EDAS method based on the use of interval 

grey numbers. Stud Inform Control 26(1):5–12
Stanujkic D, Popovic G, Brzakovic M (2018) An approach to personnel selection in the IT industry based on the EDAS 

method. Transform Bus Econ 17(2):54–65
Statista Mobile POS Payments. https://​www.​stati​sta.​com/​outlo​ok/​331/​100/​mobile-​pospa​yments/​world​wide#​market-​

users. Accessed 14 Jan 2021
Stevic Z, Vasiljevic M, Zavadskas EK, Sremac S, Turskis Z (2018) Selection of carpenter manufacturer using fuzzy EDAS 

method. Inzinerine Ekonomika Eng Econ 29:281–290. https://​doi.​org/​10.​5755/​j01.​ee.​29.3.​16818
Tang CY, Lai CC, Law CW, Liew MC, Phua VV (2014) Examining key determinants of mobile wallet adoption intention in 

Malaysia: an empirical study using the unified theory of acceptance and use of technology 2 model. Int J Model 
Oper Manag 4(3–4):248–265

Thakur R, Srivastava M (2014) Adoption readiness, personal innovativeness, perceived risk and usage intention across 
customer groups for mobile payment services in India. Internet Res 24(3):369–392

Turskis Z, Antuchevičienė J, Keršulienė V, Gaidukas G (2019) Hybrid group MCDM model to select the most effective alter-
native of the second runway of the airport. Symmetry 11(6):792

Venkatesh V, Morris MG, Davis GB, Davis FD (2003) User acceptance of information technology: toward a unified view. 
MIS Q 27(3):425–478

Viswanathan V, Hollebeek LD, Malthouse EC, Maslowska E, Jung Kim S, Xie W (2017) The dynamics of consumer engage-
ment with mobile technologies. Serv Sci 9(1):36–49

Wang C, Zhou X, Tu H, Tao S (2017) Some geometric aggregation operators based on picture fuzzy sets and their applica-
tion in multiple attribute decision making. Ital J Pure Appl Math 37:477–492

Wei GW (2016) Picture fuzzy cross-entropy for multiple attribute decision making problems. J Bus Econ Manag 17:491–
502. https://​doi.​org/​10.​3846/​16111​699.​2016.​11971​47

Wei GW (2017a) Picture fuzzy aggregation operators and their application to multiple attribute decision making. J Intell 
Fuzzy Syst 33:713–724. https://​doi.​org/​10.​3233/​JIFS-​161798

Wei GW (2017b) Some cosine similarity measures for picture fuzzy sets and their applications to strategic decision mak-
ing. Informatica 28:547–564. https://​doi.​org/​10.​15388/​Infor​matica.​2017b.​144

Wei GW (2018a) Some similarity measures for picture fuzzy sets and their applications. Iran J Fuzzy Syst 15:77–89
Wei GW (2018b) Picture fuzzy hamacher aggregation operators and their application to multiple attribute decision mak-

ing. Fund Inform 157:271–320. https://​doi.​org/​10.​3233/​FI-​2018-​1628
Wei GW (2018c) TODIM method for picture fuzzy multiple attribute decision making. Informatica 29:555–566. https://​doi.​

org/​10.​15388/​Infor​matica.​2018c.​181
Wei G, Gao H (2018) The generalized Dice similarity measures for picture fuzzy sets and their applications. Informatica 

29(1):107–124
Wei GW, Alsaadi FE, Hayat T, Alsaedi A (2018) Projection models for multiple attribute decision making with picture fuzzy 

information. Int J Mach Learn Cybern 9:713–719. https://​doi.​org/​10.​1007/​s13042-​016-​0604-1
Xia X, Govindan K, Zhu Q (2015) Analyzing internal barriers for automotive parts remanufacturers in China using grey-

DEMATEL approach. J Clean Prod 87:811–825
Xu XG, Shi H, Xu DH, Liu HC (2019) Picture fuzzy Petri nets for knowledge representation and acquisition in considering 

conflicting opinions. Appl Sci 9(5):983
Yadav KM (2016) Behavioural intentions to adopt mobile wallets: a developing country’s perspective. J Indian Bus Res 

8(3):227–244. https://​doi.​org/​10.​1108/​JIBR-​10-​2015-​0112
Yang YW, He YY (2019) Decision-making method based on picture fuzzy sets and its application in college scholarship 

evaluation. Decis Mak 2(9):48–57
Yang S, Lu Y, Gupta S, Cao Y, Zhang R (2012) Mobile payment services adoption across time: an empirical study of the 

effects of behavioral beliefs, social influences, and personal traits. Comput Hum Behav 28(1):129–142
Zhang S, Wei G, Gao H, Wei C, Wei Y (2019) EDAS method for multiple criteria group decision making with picture fuzzy 

information and its application to green suppliers selections. Technol Econ Dev Econ 25(6):1123–1138
Žižović M, Pamučar D, Albijanić M, Chatterjee P, Pribićević I (2020) Eliminating rank reversal problem using a new multi-

attribute model—the RAFSI method. Mathematics 8(6):1015. https://​doi.​org/​10.​3390/​math8​061015

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://www.statista.com/outlook/331/100/mobile-pospayments/worldwide#market-users
https://www.statista.com/outlook/331/100/mobile-pospayments/worldwide#market-users
https://doi.org/10.5755/j01.ee.29.3.16818
https://doi.org/10.3846/16111699.2016.1197147
https://doi.org/10.3233/JIFS-161798
https://doi.org/10.15388/Informatica.2017b.144
https://doi.org/10.3233/FI-2018-1628
https://doi.org/10.15388/Informatica.2018c.181
https://doi.org/10.15388/Informatica.2018c.181
https://doi.org/10.1007/s13042-016-0604-1
https://doi.org/10.1108/JIBR-10-2015-0112
https://doi.org/10.3390/math8061015

	A modified EDAS model for comparison of mobile wallet service providers in India
	Abstract 
	Introduction
	Motivation of the research
	Contributions of the paper
	Paper organization

	Related work
	Preliminaries: PFS and PFN
	Properties
	Operations
	Defuzzification
	Distance calculation
	Score and accuracy functions
	Absolute and actual score

	EDAS method
	Proposed methodology: grey correlational picture fuzzy EDAS (GCPF-EDAS)
	Case study: M-Wallet selection
	Validation and sensitivity analysis
	Comparison with results obtained from other MCDA frameworks
	Rank reversal test
	Sensitivity analysis

	Conclusion and future scope
	References


