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Abstract. Internet of things (IoT) can provide an extensive scope of services via smart devices 
to promote the convenience of life. With advances being made in smart phones, enterprises are 
increasingly considering expanding their customer base through mobile commerce services. To 
promote m-commerce improvement, enterprises should organize an excellent m-commerce en-
vironment and attempt to realize user needs in the era of IoT. In a fuzzy environment of the real 
world, objective decision-making for m-commerce improvement is usually a FMADM problem 
involving feedback-effect and interdependence among the dimensions and criteria. But, many tra-
ditional decision models cannot conduct the complicated interrelationships among dimensions and 
criteria. This study proposes an improvement model that can promote m-commerce improvement 
towards achieving the aspiration level in fuzzy environment. The proposed hybrid model conducts 
the feedback-effect and dependence among attributes, and it combines the FDEMATEL technique, 
FDANP, and MFGRA methods. The empirical case study was conducted to prove the utility of 
the new hybrid FMADM model in evaluating an m-commerce environment. Comparative results 
exhibited that the proposed approach is superior to the traditional method and that it can obtain 
most real grey relational degree that can be used for establishing the best performance improve-
ment strategy in reality.
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Introduction

Internet of things (IoT) can provide an extensive scope of services via smart phones to pro-
mote the convenience of life. With recent technological advances, enterprises are increasingly 
considering expanding their customer base through mobile commerce (called m-commerce) 
services for aiding decision-making tasks in the era of IoT (Maity, Dass 2014; Ruan, Shi 
2016). In particular, with the advancement in wireless and mobile technologies and smart 
phones (such as appearing iphone 3G to XS with continuous improvement until now), busi-
ness communities and industries operating through m-commerce have emerged. Notably, m-
commerce can enable innovation and create business opportunities because of speedy market 
growth and the large number of smart phone users in Asia (Chong 2013a). Therefore, the im-
portance of m-commerce is increasing. To promote m-commerce improvement, enterprises 
how should create an excellent m-commerce environment and attempt to realize consumer/
user needs. In a fuzzy environment, objective decision-making for m-commerce improve-
ment is usually a fuzzy multiple-attribute decision-making (FMADM) problem involving 
interdependence and feedback-effect among all considering factors such as dimensions and 
criteria. However, many traditional decision models cannot conduct the complicated inter-
relationships in the real world problems.

To address the aforementioned situations, this study used the new hybrid FMADM model 
that combined the fuzzy decision-making trial and evaluation laboratory (FDEMATEL) tech-
nique, an FDEMATEL-based analytic network process (FDANP), and the modified fuzzy 
grey relation analysis (MFGRA) methods to consider the interdependence and feedback be-
tween dimensions or criteria. The FDEMATEL technique was used to build the fuzzy total 
influence relation matrix for addressing the interrelationship among dimensions or criteria, 
and to build a fuzzy influence network relationship map (FINRM) for providing systematic 
improvement. The fuzzy total influence relation matrix also was used with the basic concepts 
of the analytic network process (ANP) for developing the fuzzy influence weights of fuzzy 
DEMATEL-based ANP (called FDANP). The MFGRA method was combined with the fuzzy 
influence weights as weighting to integrate each performance coefficient of grey relation from 
each criterion into grey-relational degree in each dimension and overall towards closing the 
aspiration level, and to assess priority improvement for m-commerce (problem-solving) on 
the basis of grey-relational degrees and FINRM. The traditional method adopting the concept 
of “max-min” as a benchmark only can be used for the selection and ranking, cannot be used 
for the performance improvement. The proposed model, which involves the use of an aspira-
tion level as a benchmark, can be used to not only overcome the drawbacks of the traditional 
method but also can determine how improve the performance to increase the grey relational 
degrees towards reaching the aspiration level for each criterion, dimension, and overall per-
formance of each alternative. The proposed model can also use in only single alternative for 
problem-solving in performance improvement. Simon (1955, 1972) explained the concept 
of aspiration level, according to which the decision-makers should set the aspiration level as 
a benchmark to choose a satisfied alternative. Simon combined this concept into his work 
and acquired the Nobel Prize in Economics in 1978. In the current study, three methods 
were combined to construct the new hybrid FMADM model for m-commerce improvement.
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Eventually, the empirical case study was conducted to prove the utility of the new hybrid 
FMADM model. The results exhibited that Yahoo shopping (alternative A) achieve the best 
ranking and best selection and can also effectively make the improvement plan by systematics 
for Yahoo shopping (alternative A) how towards approximating the aspiration level based on 
the FINRM. Furthermore, the comparative results exhibited that the new hybrid FMADM 
model is superior to the traditional model and that it can achieve most real grey relational 
degree to innovate and establish the best improvement strategy in reality. The proposed 
model can also effectively assist enterprises promote m-commerce improvement by enhanc-
ing “perceived security”, thereby more satisfying consumer/user needs.

The rest of this article is organized as follows. The Section 1 presents the study attributes 
for m-commerce improvement in the literature review. The Section 2 presents the evolution 
of hybrid FMADM model for facilitating m-commerce improvement. The Section 3 describes 
the empirical case study for showing the effectiveness of this study. Eventually, conclusions 
and remarks are described in the last Sections.

1. Review of attributes for m-commerce improvement

The literature review begins with a discussion on m-commerce improvement, which is the 
focus of this study. Subsequently, for examining m-commerce improvement, “trust”, “atti-
tude”, and “perceived security” are used as the study framework on the basis of the concep-
tual foundation of the appropriate literature and investigations as pretest questionnaires. The 
details are explained in the following subsections.

1.1. M-commerce in the era of IoT

IoT-related technologies, such as wireless sensor networks, mobile communication networks 
and the Internet are applied in many areas of modern life to promote quality of service, 
security and convenience (Gubbi et al. 2013). Ruan and Shi (2016) proposed an IoT-based 
framework for monitoring fruit electronic commerce (e-commerce) deliveries to construct 
a perfect supply chain system in fruit e-commerce for reducing transportation time and 
cost via IoT-related technologies and concepts. M-commerce can be regarded as the dif-
fusion of e-commerce, and it has developed on the basis of acceptance of technology, con-
sumer behaviour, and extension of its applications and services (Ngai, Gunasekaran 2007). 
M-commerce is a technical advancement and is an attractive domain for study because of its 
potential applications, novelty, and speedy expansion (Sadeh 2002). For business to consumer 
(B2C) markets, m-commerce is expected to enable innovation and establish more commerce 
chances because of the feature of mobility (Barnes 2002; Lu et al. 2015). Mobility means easy 
and convenient, for example, the users can carry out instant business activities via smart 
device (i.e., smart phone) of IoT. Atzori et al. (2010) indicated that IoT-related technologies 
must include with respect to the management of the trust and security for all the exchanged 
data. In the era of IoT, new security infrastructure is necessary for the success of IoT. In 
other words, security is critical to the service-applications and physical devices of IoT (Li 
et al. 2016). The current study explored the evaluation attributes on the basis of the ques-
tionnaire replications and appropriate literature and suggested that the dimensions of trust, 
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attitude, and perceived security can influence consumer willingness to utilize m-commerce. 
Consumer trust is expected to influence consumer usage intention of online shopping (Gefen 
et al. 2003; Gefen, Straub 2004; Fang et al. 2014). The acceptance of information technology 
(IT) or online usage intention can be explained by considering attitudes (Davis et al. 1989; 
Davis 1989; Venkatesh et al. 2003). Security also influences the consumer usage intention of 
m-commerce or electronic payment transactions (Chellappa, Pavlou 2002; Suh, Han 2003; 
Leu et al. 2015). Therefore, this study used the aforementioned the dimensions of trust, at-
titude, and perceived security to assess m-commerce improvement.

1.2. Dimension of trust

Trust is regarded as a catalyst of market transactions and leads to customers having high an-
ticipations of sufficing commerce relations. IT also supports commerce activity of customers 
in online shopping (Gefen et al. 2003; Fang et al. 2014). On the basis of prior conceptualiza-
tions of trust, we used four types of trust antecedents – honesty, competence, benevolence, 
and familiarity  – to assess trust in m-commerce. Each criterion and its attributes can be 
explained as follows. Honesty is the anticipation, which the other party can make sincere 
agreements, for example, being truthful and achieveing commitments (McKnight, Chervany 
2001; McKnight et al. 2002; Ridings et al. 2002). The honesty of a mobile vendor decreases 
the social uncertainty involved in breaking contracts and leads to the expected outcomes of 
the consumers (Gefen 2002; Gefen, Straub 2004). Therefore, honesty can be a major criterion 
of trust and be used to examine behavioural intention for using m-commerce. Competence is 
the faith, which the other party has the technical abilities to complete its duties (McKnight, 
Chervany 2001; Ridings et al. 2002). Enough competence of a mobile vendor leads to goods 
and services being provided to customers (Gefen 2002; Gefen, Straub 2004). Accordingly, 
competence can also be a major criterion of trust. Benevolence is the anticipation, which the 
other party will show concern for the consumer. Benevolence reflects a special relationship 
between a vendor and the consumer, and the benevolence of a mobile supplier enhances the 
consumer satisfaction and service quality (McKnight, Chervany 2001; Ridings et al. 2002; 
Gefen, Straub 2004). Accordingly, benevolence also can be a major criterion of trust. Famil-
iarity is a feeling produced from prior interactions and experiences, and it reduces social 
uncertainty through incremented comprehension (Gefen 2000; McKnight, Chervany 2001; 
Gefen et al. 2003). Consumer familiarity influences behavioural intention because it involves 
understanding the vendor (Gefen, Straub 2004; Gefen et al. 2008). Accordingly, familiarity 
can also be a major criterion of trust.

1.3. Dimension of attitude

Attitude is described as a personal feelings or cogitations about showing some behaviours 
(Ajzen 1991). In the current study, attitude indicates consumer’ feelings about utilizing m-
commerce technologies for their intended purchase. Past studies have discovered a powerful 
relation between customers’ positive attitudes and behavioural intentions to use computer 
technologies (Yang 2005; Chong 2013b). Therefore, it is expected that customers’ favourable 
attitudes before purchase will be directly related to their intentions to utilize m-commerce 
technologies. The current study decomposed attitude in the environment of m-commerce 



Technological and Economic Development of Economy, 2018, 24(5): 1801–1828 1805

use into perceived ease of use, perceived usefulness and compatibility (Taylor, Todd 1995). 
Perceived ease of use is the degree of user perception that utilizing an IT system will be 
easy (Davis et al. 1989; Davis 1989). Perceived usefulness is the degree of user felling that 
utilizing an IT system will promote their own performance. Compatibility is the degree to 
which technology adopted matches the needs, tasks and of values the user (Taylor, Todd 
1995). Perceived ease of use, perceived usefulness and compatibility were the most constantly 
evaluated criteria in the diffusion and adoption of Internet-based technologies (Liao et al. 
1999; Vijayasarathy 2004; Pynpoo, van Braak 2014). Accordingly, they are regarded as major 
criteria of attitude when examining usage intention or adopting m-commerce.

1.4. Dimension of perceived security

Perceived security has been considered as the perception that in electronic transactions, fraud-
ulent activities will be prevented, consumer privacy will be protected, and m-commerce will be 
encouraged (Tsiakis, Sthephanides 2005; Kim et al. 2010; Leu et al. 2015). Gubbi et al. (2013) 
indicated that three physical components of IoT (i.e., RFID, wireless sensor networks and 
cloud) are vulnerable to attack. Security is critical to any network and encryption is an impor-
tant line of defense for preventing data corruption. On the basis of prior conceptualizations of 
security, we used four types of authentication, encryption, data integrity, and privacy protec-
tion to examine customers’ perceptions of security in m-commerce. Authentication assures 
that the identities of both parties participating in an online transaction will be confirmed. 
The authentication mechanism typically involves a digital signature and certificate (Chellappa, 
Pavlou 2002; Suh, Han 2003). Encryption means that original information will be transformed 
into an encoded form. The encryption mechanism involves the integration of complex algo-
rithms and keys (Aldridge et al. 1997; Chellappa, Pavlou 2002; Suh, Han 2003). Data integrity 
assures that data in online transmissions are not modified or deleted unlawfully. A data integ-
rity mechanism involves using appropriate transmission technology (Suh, Han 2003; Tsiakis, 
Sthephanides 2005). Privacy protection assures that information concerning consumers par-
ticipating in an online transaction will not be exhibited to unauthorised people (Chellappa, 
Pavlou 2002; Suh, Han 2003). Accordingly, these mechanisms influence security perceptions, 
and they can be considered major criteria for perceived security to examine usage intention.

Consequently, in the current study, the research framework is based on the conceptuali-
sations of the investigations of pretest questionnaires and aforesaid literature, requires the 
selection of dimensions and criteria, as illustrated in Figure 1.

2. Research methodology

This Section introduces a new hybrid FMADM model that combines the FDEMATEL tech-
nique (FINRM), an FDANP, and MFGRA methods. The model can address complicated rela-
tionships involving interdependence and feedback for m-commerce improvement. The FDE-
MATEL technique was used to build the FINRM and find out the fuzzy influence weights of 
the FDANP. Subsequently, the fuzzy influence weights were used with weighting the MFGRA 
methods to integrate each criterion into dimensions and overall grey relational degree. The 
model was used to innovate and create improvement plan of m-commerce on the basis of 
the FINRM, as illustrated in Figure 2.
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Figure 1. Research framework of m-commerce improvement

Figure 2. Hybrid FMADM model procedures
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2.1. The concept of linguistic variable and fuzzy number

Zadeh (1975) initiated the concept of linguistic variable to conduct the compound words 
of linguistic value in a natural language in real world situations. The current study used a 
linguistic variable to make a pairwise comparison of the FDEMATEL questionnaire. The 
comparison was made in terms of the options “no affect ( 0 )”, “weak affect ( 1 )”, “middle af-
fect ( 2 )”, “strong affect ( 3 )”, and “very strong affect ( 4 )” as a linguistic perception (natural 
language). An example of a question is depicted in Figure 3. Furthermore, the linguistic 
variable was utilized to survey the performance score for each dimension/criterion in terms 
of the options “very dissatisfaction ( 0 )”, “dissatisfaction ( 1 )”, “regular ( 2 )”, “satisfaction  
( 3  )”, and “very satisfaction ( 4 )”.

This study selects the de-fuzzy method of the useful and simple to obtain the best de-
fuzzy performance value (BDPV) of fuzzy number ( , , )l m h

k k k kC C C C=     for k alternative (
1, 2, 3, ...,k K= ).The BDPV can be calculated to perform the selection/ranking and inno-

vate improvement plan as illustrated in Equation (1) (Opricovic, Tzeng 2003).

 BDPV [( ) ( )]/ 3l h l m l
k k k k k kC C C C C C= + − + −     .  (1)

2.2. Building the total fuzzy influence relation matrix using the FDEMATEL technique

The Battelle Geneva Research Center (Gabus, Fontela 1972, 1973) developed the DEMATEL 
technique as a multiple attribute decision making (MADM) method for obtaining the inter-
relationship matrix for solving relationship problems (Tzeng, Huang 2011, 2013; Liou, Tzeng 
2012; Lu et al. 2013; Liou 2013; Huang, Tzeng 2014; Hu et al. 2015; Liou et al. 2014, 2016). 
Similarly, the FDEMATEL technique can be also utilized to build the fuzzy relationship 
matrix for solving relationship problems in fuzzy environments. The FDEMATEL technique 
(Hsu et al. 2007; Lu et al. 2013; Hu et al. 2015) consists of the following steps.

The step one is to build a fuzzy direct relation average matrix using experts’ question-
naires. The fuzzy direct relation matrix is yielded by each questionnaire, and then the fuzzy 
direct relation average matrix [ ] [( , , )]l m h

ij n n ij ij ij n nb b b b× ×= =
B  can be acquired from the aver-

age value of the same criteria in the fuzzy direct relation matrices for all questionnaires, as 
illustrated in Equation (2). The linguistic scale used in this study are depicted in Table 1; ijb  

Figure 3. Membership functions of fuzzy linguistic scale (example)
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indicates the degree of direct affect of criterion i on criterion j, and it is determined using a 
measuring scale from 0  to 4  (“no affect ( 0 )”, “weak affect ( 1 )”, “middle affect ( 2 )”, “strong 
affect ( 3 )”, and “very strong affect ( 4 )”) for pair-wise comparison of criteria.
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Table 1. Membership functions for FDEMATEL questionnaire (example)

Linguistic scales of fuzzy number ( ijb ) Corresponding triangular fuzzy numbers ( , ,l m h
ij ij ijb b b )

No influence ( 0 ) (0.00, 0.00, 0.25)

Low influence (1) (0.00, 0.25, 0.50)

Medium influence (2) (0.25, 0.50, 0.75)

High influence (3 ) (0.50, 0.75, 1.00)

Very high influence (4 ) (0.75, 1.00, 1.00)

The step two is to build the initial fuzzy influence relation matrix F . The fuzzy initial 
matrix F  can be acquired by normalising the fuzzy matrix B. Furthermore, the fuzzy ini-
tial matrix F  can be acquired from Equations (3) and (4), in which the main diagonal are 
equal to zero.
 / s= F B ; (3)

 
, 1 11 1

max max , max
n n

h h
ij iji j i n j nj i

s b b
≤ ≤ ≤ ≤= =

 
 =
  

∑ ∑ ,  (4)

where , 1, 2,...,i j n= , [ ] [( , , )]l m h
ij n n ij ij ij n nf f f f× ×= =

F , (0,0,0) (1,1,1)ijf≤ < , 1(0,0,0) n
ijj f=<∑ 

 
, 

and 1 (1,1,1)n
iji f= ≤∑  . If at least one column or row of high-side summation by a triangu-

lar fuzzy number h
ijf  is equal to 1 (but not all) in 1

n h
ijj f=∑  or 1

n h
iji f=∑ , we can guarantee 

lim [0] [(0,0,0)]e
e n n n n→∞ × ×= =

F .
The step three is to acquire the total fuzzy influence relation matrix T . The total fuzzy 

matrix T  can be acquired from the limitless series of indirect and direct effects of the fuzzy 
matrix F . In other words, the total fuzzy matrix T  can be acquired by Equation (5), in 
which I  is an identity matrix. 

2 3 4 ... e= ⊕ ⊕ ⊕ ⊕ ⊕ =     T F F F F F

     = 2 3 1 1( ... ) ( ) ( )e− −⊗ ⊕ ⊕ ⊕ ⊕ ⊕ ⊗ Θ ⊗ Θ =      F I F F F F I F I F

               =
1 1( ) ( ) ( )e − −⊗ Θ ⊗ Θ = ⊗ Θ    F I F I F F I F , when lim 0 (0,0,0)e

e→∞
 = =    


F , (5)

where [ ] [( , , )]l m h
ij n n ij ij ij n nt t t t× ×= =

T , 1( ) ( )−= Θ ⊗ Θ I I F I F  and , 1, 2,...,i j n= .
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The step four is to construct an FINRM based on total fuzzy matrix T . The FINRM can 
help the decision-makers innovate and establish the best improvement strategy for m-com-
merce through an examination of the direct/indirect influence relationship of the dimen-
sions/criteria and the critical influence criterion. Equations (6) and (7) can be utilized to 
acquire the sum of each column and row of total fuzzy matrix T ; in the equations, ix  indi-
cates the fuzzy sum of the ith row of total fuzzy matrix T  and represents the fuzzy sum of 
the indirect and direct effects of criterion i on other criteria, jy  indicates the fuzzy sum of 
the jth column of total fuzzy matrix T  and represents the fuzzy sum of the indirect and di-
rect effects of other criteria on criterion j. When i equals j, i ix y⊕   shows an indicator of the 
strength of affect received and given and represents the degree of relationship that criterion i 
plays in the problem. In addition, i ix yΘ   represents the degree of causality among criteria: if 

i ix yΘ   is negative, then criterion i is affected by other criteria, and if i ix yΘ   is positive, then 
criterion i affects other criteria. The FINRM can be constructed from total fuzzy matrix T .

1 1 1 11 1
1 1

,..., ,..., ( ,  ,  ),...,( ,  ,  ),...,( ,  ,  )
n

l m h l m h l m h
i ij i n i i i n n nn n

j n

x t x x x x x x x x x x x x
× ×

= ×

 
  = = = =          

∑

    x  ; 

(6)

1 1 1 11 11 1

,..., ,..., ( , , ),...,  ( , , ),...,  ( , , )
n

l m h l m h l m h
j ij j n j j j n n nn ni n

y t y y y y y y y y y y y y
× ×= ×

′ ′     = = = =        
∑

    y  , 

(7)

where vectors x  and y  indicate the sum of the vector rows and vector columns, respectively. 
The degrees of influence and causality can provide the decision-makers with crucial reference 
information that can be obtained by plotting the FINRM.

2.3. Finding the fuzzy influence weights using the FDANP

The DANP was developed by Tzeng and Huang (2011) on the basis of the concepts of the 
ANP (Saaty 1996) for use as a MADM method for solving dependence and feedback prob-
lems, and for finding the influence weights (Tzeng, Huang 2011, 2013; Liou, Tzeng 2012; 
Lu et al. 2013; Liou 2013; Huang, Tzeng 2014; Hu et al. 2015; Liou et al. 2014, 2016). Saaty 
developed the ANP to address feedback and dependence problems. How does the DANP 
differ from the ANP? The ANP is based on assumed relationships among dimensions and 
is used to obtain relative weights to achieve ranking/selection (i.e., the ANP only yields the 
relative best). The DANP can additionally obtain relative influence weights based on relation-
ships. Similarly, the FDANP can also be used to address feedback and dependence problems, 
and to find the fuzzy influence weights in fuzzy environments for satisfying the real world 
situations. The FDANP method (Lu et al. 2013; Hu et al. 2015; Su et al. 2016) consists of the 
following steps.

The step one is to build the fuzzy unweighted supermatrix CW  from the total fuzzy ma-
trix T  of criteria by normalising the clustering dimension. Fuzzy matrix C

T  in Equation 
(8), where 1

m
jj m n= =∑  and m < n, is such a supermatrix. Fuzzy matrix C

α
T  can be acquired 

from the normalised fuzzy matrix C
T , as depicted in Equation (9). Then, CW  can be acquired 

by transposing matrix C
α
T , as depicted in Equation (12).
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(8)

 

(9)

where matrix 11
C
α
T can be obtained using Equations (10) and (11). Matrix mm

C
α
T  can also 

be obtained in a similar manner.

 

  (10)

where 111  11
11 ,  1, 2,...,m

i Cijjd t i m== =∑

 .
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=

  (11)

 

                    
                     

= 
1| ,

[ , , ] ,m
jj

l m h
n n m n m n

=
× < =∑C C CW W W

                                                    
(12)

where matrix 11


CW  can be obtained from Equation (13), Dm represents the mth dimension, 
and 

mmmc  represents the mmth criterion in the mth dimension.

 

  

(13)

The step two is to construct the fuzzy weighted supermatrix (called the normalised su-
permatrix), represented by matrix D

T  in Equation (14), by using the fuzzy unweighted su-
permatrix and the total fuzzy matrix T  of dimensions. Fuzzy matrix D

α
T  can be acquired 

from by normalising fuzzy matrix D
T , as illustrated in Equation (15). The normalised fuzzy 

matrix D
α
T  multiplier the fuzzy unweighted supermatrix CW  are utilized to acquire the fuzzy 

weighted supermatrix α
W , as illustrated in Equation (16).
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The step three is to determine the fuzzy influence weights by using the fuzzy limit weight-
ed supermatrix (i.e., lim ( )α b

b→∞
W ). The fuzzy weighted supermatrix ( αW ) is multiplied by 

itself multiple times to acquire the fuzzy limit weighted supermatrix. The fuzzy influence 
weights (also called the FDANP weights) can then be calculated as lim ( )α b

b→∞
W  until the 
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fuzzy supermatrix converges and becomes a stable fuzzy supermatrix as illustrated in Equa-
tion (17), where b represents a positive integer number. The fuzzy influence weights can be 
utilized for not only selection and ranking but also improvement towards approximating 
the aspiration level (i.e., the FDANP will attain the aspiration level when the fuzzy influence 
weights are combined with the MFGRA).

    1 1 1 1( ,..., ,..., ) (( , , ),...,( , , ),...,( , , ))l m h l m h l m h
j n j j j n n nw w w w w w w w w w w w= =   w , 1, 2, ...,=j n.  (17)

2.4. Evaluating and improving performance using MFGRA

The grey system theory was developed by Deng (1982) as a MADM method to address 
problems of decision-making (Chiou, Tzeng 2001; Haq, Kannan 2006; Peng et al. 2011; Kou 
et al. 2012; Chiu et al. 2014; Liou et al. 2016). This study improved the traditional grey re-
lation method to replace the concept of “max-min” by using a negative point and an ideal 
ideal point as benchmarks in the concept of the fuzzy aspiration level and worst level (called 
“aspired-worst”) as a benchmark for avoiding a situation that can be described by “the task 
of selecting the best among inferior alternatives”. The MFGRA is also mathematically useful 
when dealing with a system with uncertain information in fuzzy environments in the real 
world. Therefore, we used the MFGRA to combine the fuzzy influence weights for each per-
formance, for integrating each criterion into each dimensional performance for determining 
the fuzzy grey relational degree in fuzzy environments. We can subsequently improve the 
problems of m-commerce by using the FINRM how to increase the fuzzy grey relational 
degree towards attaining/closing the aspiration level (the traditional fuzzy grey relational 
analysis (FGRA) can only perform for ranking and selection, the proposed new modified 
FGRA (called MFGRA) can not only be utilized for the selection and ranking, but also can 
be utilized for the performance improvement towards reaching/closing the aspiration level) 
on the basis of interrelationships of the feedback and dependence problem in real world 
situations. The MFGRA method includes the following steps.

The step one is to set the fuzzy worst levels ( worst
jx ) and fuzzy aspiration level ( aspired

jx
 
). 

In this study, scores of 0  to 4  (very dissatisfaction ← 0 , 1 , 2 , 3 , 4  → very satisfaction) 
were employed in the questionnaires by using natural language for users/customers, such as 
“very dissatisfaction ( 0 )”, “dissatisfaction ( 1 )”, “regular ( 2 )”, “satisfaction ( 3 )”, and “very 
satisfaction ( 4 )”, for evaluating the performance. Hence, the fuzzy worst level was set at 
score as ( ) ( ) ( )( , , ) (0,0,0)worst l worst m worst hworst

j j j jx x x x= =  and the fuzzy aspiration level was set 
at score as ( ) ( ) ( )( , , ) (4,4,4)aspired aspired l aspired m aspired h

j j j jx x x x= = . The linguistic scale used in 
the questionnaire are depicted in Table 2.

The step two is to determine the fuzzy grey relation coefficient. The traditional and pro-
posed fuzzy grey relation coefficient can be obtained from Equations (18) and (19), respec-
tively.

The traditional FGRA solution: 

 

max max

max
max max

minmin | | max max | |
( , )

| | max max | |

j kj j kjk j k j
j kj

j kj j kjk j

x x x x
x x

x x x x

Θ ⊕V Θ
γ =

Θ ⊕V Θ

   

  

   

. (18)
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The proposed MFGRA solution: 

 

minmin | | max max | |
( , )

| | max max | |

aspired aspired
kj kjj jk j k jaspired

kjj aspired aspired
kj kjj jk j

x x x x
x x

x x x x

Θ ⊕V Θ
γ =

Θ ⊕V Θ

   

  

   

,  (19)

where { }max max | 1,2,3,..., ; 1,2,3,...,j k kjx x k K j n= = =  , kjx  is the performance value of the 
jth criterion in the kth alternative, (4,4,4)aspired

jx = , and V is the distinguished coefficient, 
and V = 0.5 in this paper.

The step three is to determine the fuzzy grey relation degree. The traditional and pro-
posed fuzzy grey relation degree can be acquired using Equations (20) and (21), respectively.

          The traditional FGRA solution: max max

1
( , ) ( , )

n

k j j kj
j

x x w x x
=

γ = ⊗ γ∑      ;                (20)

 The proposed MFGRA solution: 
1

( , ) ( , )
n

aspiredaspired
k j kjj

j
x x w x x

=
γ = ⊗ γ∑      , (21)

where jw  is the fuzzy influence weight of the jth criterion, obtained by using the FDANP. 
The fuzzy grey relational degrees can help the decision-makers innovate and establish the 
best improvement strategy for m-commerce in reality (i.e., how to increase the fuzzy grey 
relational degrees towards approximating the aspiration level).

3. Analysis for empirical case study of m-commerce improvement

This section discusses analysis of empirical case study that was conducted to demonstrate 
the utility of the proposed approach (a hybrid modified FMADM model) for improving m-
commerce in reality. The details are provided in the following Subsections.

3.1. Problem descriptions

With technological advancements, enterprises are increasingly considering expanding their 
customer base through m-commerce for supporting decision-making tasks (Maity, Dass 
2014). Mobile phone use continues to increase because of advances being made in mobile 
marketing (Watson et al. 2013) in the era of IoT. Commercial activity involving m-commerce 
has become popular because of the increase in the number of mobile devices (Chong 2013a). 
A major challenge is innovating and creating the best improvement plan of m-commerce 

Table 2. Membership functions for MFGRA questionnaire (example)

Linguistic scales of fuzzy number ( kjx ) Corresponding triangular fuzzy numbers ( , ,l m h
kj kj kjx x x )

Very bad (0 ) (0.00, 0.00, 1.00)

Bad (1) (0.00, 1.00, 2.00)

Moderate (2) (1.00, 2.00, 3.00)

Good (3) (2.00, 3.00, 4.00)

Very good (4) (3.00, 4.00, 4.00)
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in reality for satisfying consumer/user needs (i.e., including the problems of vagueness or 
inaccurate in human cognitive processes) in Taiwan. Previous studies involving “perceived 
security” are scant. Most prior studies supposed the independent dimensions and criteria in 
hierarchic structure to obtain a comparatively good result. Decision-making for m-commerce 
improvement in a fuzzy environment is essentially an FMADM problem involving interde-
pendence and feedback among dimensions and criteria. However, many traditional decision 
models cannot conduct the complicated interrelationships. This paper attempted to progress 
a new hybrid FMADM model that could be utilized to address complex interaction problems 
in fuzzy environment with imprecise information for identifying the origins of a problem. 
Such a model can enable systematic improvement on the basis of the FINRM and help avoid 
“stopgap, or the so-called piecemeal, measures”. Furthermore, we replaced the comparatively 
good result obtained from existing alternatives by the aspiration level. Finally, we compared 
the traditional method and the proposed new method (including modified FMADM), which 
the advantage of results and contributions.

3.2. Results and analyses

This paper built a construction of interrelationships for decision-making problem by us-
ing the FDEMATEL technique, and observed the evaluation attributes for improving m-
commerce in reality. On the basis of experts’ questionnaires, the fuzzy matrix B  could be 
acquired. The fuzzy matrix F  could be acquired by normalising the fuzzy matrix B. The 
total fuzzy matrix T  could be acquired using the limitless series of indirect and direct effects 
for the fuzzy matrix F , as illustrated in Table 3. The significant confidence of the question-
naires reached 98.2%, more than 95% (refer to Note in Table 3, the results exhibited that 18 
expert questionnaires in practical experience can also be applicated to ensure explanatory 
power because the empirical questionnaires in practical experience are different from the 
social response survey; the social response survey is necessary to investigate more samples 
because it include the impact of many personal attributes and social attributes). Table 3 ex-
hibits that whole criteria have a complex interrelationship. The total fuzzy matrix T  could 
be divided into a fuzzy matrix of criteria ( C

T ) and a fuzzy matrix of dimensions ( D
T ) by 

normalising the clustering dimensions, as illustrated in Table 4. This Table 4 exhibits that 
the interrelationships among the criteria and dimensions are based on experts’ cognition in 
practical experience and the fuzzy/de-fuzzy sum of the influences received and given for 
each criterion and dimension, respectively. Clearly, dimension ‘trust’ has the biggest positive 
value ( i ix yΘ  ), (−2.390, 0.046, 2.511)/(0.056), implying that it’s the most influence dimen-
sion. The ‘trust’ dimension plays a primary part in the improvement system and has the 
maximal influence on the other dimensions. The “attitude” dimension has the least value  
(  i ix yΘ  ), (−2.628, −0.086, 2.449)/(-0.088) and is therefore most readily influenced by the 
other dimensions. Consequently, the decision-makers are able to handle “trust” dimension 
as a main consideration in potential commercial activities involving m-commerce. The “per-
ceived security” dimension has the biggest intensity of interrelationship ( i ix y⊕  ), (2.502, 
3.880, 7.289)/(4.557) and is therefore regarded the most significant dimension by the experts, 
and it has the most interactive relation with the other dimensions. On the contrary, the value 
of ( i ix y⊕  ) for “trust” dimension is (1.592, 3.018, 6.493)/(3.701) and therefore, the “trust” 
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dimension relates the smallest to the other dimensions. In addition, the “familiarity” criterion 
has the biggest degree of causality ( i ix yΘ  ), (−7.945, 1.017, 10.636)/(1.236) and therefore, it 
very readily influences the other criteria. The “competence” criterion has the smallest degree 
of causality ( i ix yΘ  ), (−9.789, −0.701, 8.208)/(-0.761), and hence, it is the criterion most eas-
ily affected by the other criteria. The “privacy protection” criterion with a ( i ix y⊕  ) value of 
(9.655, 14.686, 27.203)/(17.181) has the most significant relationship with the other criteria. 
On the contrary, the “benevolence” criterion has a ( i ix y⊕  ) value of (3.721, 8.968, 21.173)/
(11.288) and relates the smallest to the other criteria. On the basis of Table 4, the FINRM 
for each dimension and their criteria can be drawn by using ( i ix y⊕  ) and ( i ix yΘ  ) values 
of dimension or criteria to illustrate the fuzzy influence network relationship; the FINRM is 
depicted in Figure 4. Clearly, experts exhibited that “trust” and “perceived security” dimen-
sion should be prioritised simultaneously for m-commerce improvement; lack of “trust” and 
“perceived security” is the source of problems and can affect the attitude dimension. From the 
viewpoint of the “trust” dimension, the directions of priority improvement can be ordered as 
“familiarity” > “honesty” > “benevolence” > “competence”. The decision-makers can provide 
the perfect interactive environment to enhance mutual understanding with each customer, 
for achieving the desired performance of trust. From the viewpoint of the “perceived secu-
rity” dimension, the directions of priority improvement are “encryption” > “authentication” 
> “privacy protection” > “data integrity”. Decision-makers can provide an ideal encryption 
standard to achieve the desired encryption level for satisfying customers’ needs.

The FDANP combines the FDEMATEL technique and the ANP and can be used to con-
duct a survey of a company for obtaining indicators for the interrelationship between criteria 
and dimensions (i.e., dependence and feedback). The FDANP could be utilized to acquire 
the fuzzy influence weights (i.e., fuzzy global weights) using the concepts of the ANP and 
Markov chain until the limit fuzzy supermatrix became a stable fuzzy supermatrix, as illus-
trated in Table 5. The FDANP approach can also be used to derive the fuzzy local weights 
from the fuzzy global weights, as depicted in Tables 6 (fuzzy values) and 7 (de-fuzzy values). 
This derivation helps the decision-makers determine the fuzzy influence weights of each 
dimension and individual criterion across three dimensions for the purpose of selection and 
ranking. The results exhibit that “perceived security” is the most crucial dimension and that 
compatibility is the most critical criterion in terms of influence.

Then, the fuzzy influence weights were combined with the MFGRA to assess the priority 
of performance improvement for promoting problem-solving of m-commerce on the basis 
of the fuzzy grey relational degrees and FINRM. An empirical case study was conducted to 
evaluate the fuzzy grey relational degrees by using the proposed approach and traditional 
method. On the basis of performance questionnaires in Yahoo shopping (alternative A), 
PChome online 24 hours (alternative B), and Amazon (alternative C), the fuzzy/de-fuzzy 
grey relational degrees could be obtained, as depicted in Tables 6 and 7. The results exhibit 
that Yahoo shopping (alternative A) obtains the best ranking and selection, and Amazon 
(alternative C) should be prioritised for m-commerce improvement. As depicted in Table 7, 
for the traditional method, the grey relational degrees for Yahoo shopping (alternative A), 
PChome online 24 hours (alternative B), and Amazon (alternative C) are 0.973, 0.873, and 
0.733, respectively, implying the order A > B > C; for the proposed method, the grey relation-
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al degrees for Yahoo shopping (alternative A), PChome online 24 hours (alternative B), and 
Amazon (alternative C) are 0.796, 0.764, and 0.703, respectively, also implying the result A > 
B > C. The comparative results exhibit that although the ranking is the same, the proposed 
method is superior because it can obtain a more realistic grey relational degree, resulting in 
the formulation of the best improvement plan. In the proposed method, the grey relational 
coefficients (shown the degree of closing the aspiration level) for “trust”, “attitude”, and “per-
ceived security” in Yahoo shopping (alternative A) were 0.901, 0.806, and 0.619, respectively; 
the values for PChome online 24 hours (alternative B) were 0.847, 0.754, and 0.628, respec-
tively, and those for Amazon (alternative C) were 0.718, 0.668, and 0.635, respectively. These 
results exhibit that “perceived security” is the first priority for m-commerce improvement 
because it has the least grey relational coefficient. Thus, the empirical case study shows that 
the proposed model can determine the actual problem-solving points in the real world how 
to improve the problem for promoting m-commerce towards achieving the aspiration level.

Table 3. The fuzzy total influence relation matrix [ ] [( , , )]l m h
ij n n ij ij ij n nt t t t× ×= =

T

l
ijt C11 C12 C13 C14 C21 C22 C23 C31 C32 C33 C34

C11 0.243 0.308 0.211 0.258 0.297 0.285 0.311 0.403 0.393 0.401 0.458
C12 0.235 0.192 0.121 0.199 0.258 0.246 0.259 0.291 0.291 0.288 0.329
C13 0.169 0.154 0.069 0.152 0.161 0.151 0.185 0.203 0.201 0.203 0.226
C14 0.317 0.327 0.192 0.201 0.378 0.368 0.368 0.415 0.413 0.410 0.442
C21 0.263 0.321 0.153 0.246 0.259 0.348 0.372 0.370 0.359 0.374 0.387
C22 0.247 0.304 0.146 0.236 0.341 0.234 0.353 0.349 0.338 0.347 0.361
C23 0.258 0.307 0.158 0.258 0.372 0.361 0.276 0.372 0.362 0.374 0.389
C31 0.400 0.409 0.200 0.290 0.429 0.405 0.468 0.429 0.556 0.558 0.606
C32 0.430 0.417 0.214 0.288 0.420 0.402 0.474 0.559 0.430 0.570 0.620
C33 0.363 0.374 0.184 0.260 0.392 0.364 0.423 0.506 0.501 0.390 0.544
C34 0.438 0.445 0.198 0.282 0.432 0.405 0.461 0.567 0.558 0.563 0.472

m
ijt C11 C12 C13 C14 C21 C22 C23 C31 C32 C33 C34

C11 0.462 0.545 0.432 0.497 0.550 0.538 0.563 0.633 0.624 0.632 0.677
C12 0.473 0.417 0.354 0.437 0.505 0.493 0.512 0.545 0.543 0.544 0.580
C13 0.399 0.395 0.254 0.374 0.412 0.401 0.433 0.454 0.451 0.453 0.478
C14 0.549 0.561 0.426 0.432 0.607 0.596 0.606 0.645 0.642 0.644 0.672
C21 0.515 0.556 0.399 0.490 0.494 0.579 0.605 0.618 0.609 0.621 0.639
C22 0.490 0.535 0.383 0.474 0.570 0.463 0.583 0.594 0.586 0.593 0.611
C23 0.504 0.541 0.396 0.491 0.594 0.583 0.505 0.614 0.606 0.615 0.635
C31 0.626 0.636 0.456 0.548 0.665 0.646 0.692 0.643 0.755 0.759 0.798
C32 0.648 0.644 0.467 0.550 0.663 0.648 0.700 0.762 0.644 0.769 0.809
C33 0.592 0.605 0.434 0.520 0.631 0.609 0.654 0.716 0.711 0.608 0.749
C34 0.657 0.667 0.462 0.552 0.674 0.653 0.696 0.772 0.764 0.769 0.686
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h
ijt C11 C12 C13 C14 C21 C22 C23 C31 C32 C33 C34

C11 1.010 1.112 0.960 1.059 1.144 1.125 1.175 1.189 1.181 1.184 1.220
C12 1.041 0.984 0.894 1.008 1.104 1.083 1.131 1.127 1.119 1.122 1.152
C13 0.945 0.954 0.750 0.919 0.992 0.974 1.027 1.019 1.012 1.015 1.039
C14 1.170 1.193 1.015 1.048 1.257 1.236 1.279 1.275 1.268 1.270 1.296
C21 1.118 1.161 0.971 1.093 1.116 1.195 1.249 1.228 1.216 1.224 1.243
C22 1.086 1.131 0.947 1.069 1.187 1.069 1.219 1.198 1.185 1.193 1.211
C23 1.109 1.149 0.969 1.095 1.217 1.196 1.146 1.225 1.214 1.222 1.242
C31 1.178 1.202 1.006 1.126 1.253 1.230 1.297 1.192 1.287 1.289 1.318
C32 1.191 1.206 1.013 1.125 1.250 1.227 1.298 1.293 1.186 1.293 1.322
C33 1.142 1.167 0.977 1.090 1.211 1.188 1.254 1.250 1.241 1.150 1.271
C34 1.217 1.237 1.025 1.144 1.277 1.253 1.317 1.318 1.309 1.313 1.238

Note: The average consensus gap ( )1
2

1 1

1 / 100% 1.8% 5%
n n

p p p
ij ij ij

i j
t t t

n
−

= =

= − × = <∑∑ , which is in accord with 

defuzziness; here, n is the number of criteria (n = 11), p is the number of experts in practical experience 
(p = 18), and the significant confidence is 98.2 %, greater than the recommended minimal value of 95%.

Table 4. The fuzzy/de-fuzzy sum of influences given/received for dimensions and criteria

D
T / C

T ix iy i ix y⊕  i ix yΘ 

D1
(0.817,1.532,3.287),

1.878
(0.775,1.486,3.207),

1.822
(1.592,3.018,6.493),

3.701
(–2.390,0.046,2.511),

0.056

D2
(0.931,1.646,3.469),

2.015
(1.019,1.732,3.559),

2.103
(1.950,3.378,7.028),

4.118
(–2.628,–0.086,2.449),

–0.088

D3
(1.274,1.959,3.650),

2.294
(1.227,1.920,3.639),

2.262
(2.502,3.880,7.289),

4.557
(–2.365,0.039,2.422),

0.032

C11
(3.567,6.153,12.358),

7.359
(3.363,5.914,12.205),

7.160
(6.930,12.067,24.562),

14.520
(–8.638,0.239,8.995),

0.199

C12
(2.709,5.401,11.765),

6.625
(3.557,6.102,12.498),

7.385
(6.265,11.503,24.263),

14.010
(–9.789,–0.701,8.208),

–0.761

C13
(1.875,4.504,10.646),

5.675
(1.846,4.464,10.527),

5.612
(3.721,8.968,21.173),

11.288
(–8.652,0.040,8.800),

0.063

C14
(3.831,6.381,13.307),

7.840
(2.671,5.364,11.777),

6.604
(6.502,11.746,25.083),

14.444
(–7.945,1.017,10.636),

1.236

C21
(3.451,6.125,12.814),

7.463
(3.740,6.364,13.009),

7.704
(7.191,12.489,25.822),

15.167
(–9.558,–0.239,9.074),

–0.241

C22
(3.257,5.881,12.494),

7.211
(3.570,6.208,12.775),

7.518
(6.827,12.090,25.269),

14.729
(–9.518,–0.327,8.924),

–0.307

C23
(3.487,6.086,12.784),

7.452
(3.951,6.549,13.393),

7.964
(7.438,12.635,26.177),

15.416
(–9.906,–0.463,8.833),

–0.512

C31
(4.750,7.225,13.378),

8.451
(4.462,6.996,13.313),

8.257
(9.212,14.221,26.691),

16.708
(–8.563,0.228,8.916),

0.194

End of Table 3
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D
T / C

T ix iy i ix y⊕  i ix yΘ 

C32
(4.824,7.305,13.404),

8.511
(4.400,6.935,13.218),

8.184
(9.224,14.239,26.622),

16.695
(–8.394,0.370,9.004),

0.327

C33
(4.302,6.828,12.943),

8.024
(4.478,7.008,13.276),

8.254
(8.780,13.836,26.218),

16.278
(–8.974,–0.179,8.464),

–0.230

C34
(4.820,7.351,13.650),

8.607
(4.835,7.335,13.553),

8.574
(9.655,14.686,27.203),

17.181
(–8.732,0.016,8.815),

0.033

Table 5. The fuzzy/de-fuzzy influential weights obtained from the steady-state super-matrix

Criteria C11 C12 C13 C14

The influential 
weights

(0.055,0.078,0.100),
0.078

(0.059,0.081,0.103),
0.081

(0.030,0.059,0.086),
0.059

(0.045,0.071,0.097),
0.071

Criteria C21 C22 C23

The influential 
weights

(0.091,0.112,0.137),
0.113

(0.087,0.109,0.135,)
0.110

(0.095,0.116,0.141),
0.117

Criteria C31 C32 C33 C34

The influential 
weights

(0.090,0.093,0.095),
0.093

(0.088,0.091,0.095),
0.091

(0.090,0.092,0.095),
0.092

(0.097,0.097,0.097),
0.097

End of Table 4

3.3. Discussions and implications

Figure 4 illustrates the fuzzy influence analyses of dimensions and criteria, and the fuzzy/
de-fuzzy grey relational degrees are depicted in Tables 6 and 7. The information can help 
the decision-makers in actual decision-making. In Figure 4, the eleven criteria and three 
dimensions could be readily depicted to affect each other. The results for the three dimen-
sions exhibit that ‘trust’ dimension, with the biggest positive value ( i ix yΘ  ), is the most 
influence dimension as the priority of performance improvement. Trust is the origin of the 
problem, and it is followed by “perceived security” (positive value) and “attitude” (negative 
value). “Familiarity”, with the biggest positive value ( i ix yΘ  ) in the “trust” dimension, is the 
most influence criterion as the improvement priority. It is followed by “honesty” (positive 
value), “benevolence” (positive value), and “competence” (negative value). On the basis of 
Tables 6 and 7, “perceived security”, which has the best ranking, is the most crucial dimen-
sion in terms of influence, and it is followed by “attitude” and “trust”. “Privacy protection” 
shows the best ranking in the “perceived security” dimension, and it is the most critical 
criterion in terms of influence. It is followed by “authentication”, “data integrity”, and “en-
cryption”. The results exhibit that “privacy protection” in “perceived security” with positive 
value ( i ix yΘ  ) have a significant and positive relationship to affect m-commerce adoption. 
In other words, if the enterprises can ensure the data privacy and security of the custom-
ers, it can acquire the potential customers and keep the customers in m-commerce market.  
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To address the problem of a fuzzy environment with uncertain information, the fuzzy in-
fluence weights can be combined with the MFGRA for evaluating the fuzzy/de-fuzzy grey 
relational degrees, to determine the improvement priority. The fuzzy performance scores 
should then be replaced with the fuzzy grey relational degrees that exhibit the improvement 
direction, which is more relevant in the present rival environment. The results in Tables 6 and 
7 exhibit that Yahoo shopping (alternative A) obtains the best ranking and selection because 
it has the highest grey relational degree, and Amazon (alternative C) should be prioritised for 
improvement because it has the least grey relational degree. The comparative results present 
that the proposed approach is better than the traditional method because its grey relational 
coefficients are not equal to one ( ( , ) 1aspire

kjjx xγ ≠   ). Moreover, the proposed method can 
obtain a more realistic grey relational degree, facilitating the formulation of the best improve-

Figure 4. Fuzzy influential network relationship map for systematic improvement in three alternatives
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ment plan for towards achieving the aspiration level in reality; the traditional grey relation 
analysis (GRA) method can achieve only a relatively optimal result (such as Table 7, grey re-
lational coefficient in traditional method, max( , )j kjx xγ  in each criterion exists one alternative 
equal one, when max max { | 1,2,3,..., }j k kjx x k K= = ); so the traditional GRA method cannot 
be used for performance improvement because its grey relational coefficients are equal to 
one in each criterion of alternatives. According to the comparison study in Tables 6 and 7, 
we found very interesting phenomenon as follows. In the traditional GRA/FGRA method, 
the constant values of maxmax max max | |j j kjk j

x x∆ = Θ   and maxmin minmin | |j j kjk j
x x∆ = Θ   

are also different with different max-min values of different criteria in alternatives, in other 
words, it will affect the grey relational degree because there is no common base of evalua-
tion in constant value. The results show that the decision-makers cannot make the accurate 
strategy. In the proposed modified GRA/FGRA (MGRA/MFGRA) approach, the constant 
values of max max max | |aspired

j kjjk j
x x∆ = Θ   and min minmin | |aspired

j kjjk j
x x∆ = Θ   (where 

(4,4,4)aspired
jx = ) are stationary, and hold the same common base of evaluation. The results 

indicate that the new MGRA/MFGRA method is reasonable to use for the selection and 
ranking of alternatives, and also use for the performance improvement towards reaching 
the aspiration level. In other words, the traditional GRA/FGRA method cannot be used for 
performance improvement because its performance gaps existed one in three alternatives. 
Therefore, the proposed new MGRA/MFGRA approach is better than the traditional GRA/
FGRA method, which can help the decision-makers to make the accurate development and 
improvement strategies for satisfying the real world situations. According to Table 7, for all 
alternatives in the proposed method, “perceived security” is the dimension with the minimal 
grey relational coefficient and should be prioritised for improvement, and it is the easiest to 
improve. “Privacy protection”, which is the criterion with the minimal grey relational coef-
ficient in the “perceived security” dimension, should be prioritised for improvement. The 
results exhibited that the proposed model, which involves the use of the FINRM and the 
consideration of interrelationships (i.e., feedback and dependence effects) between criteria 
and dimensions in fuzzy environment with uncertain information, can help solve m-com-
merce problems and increase the grey relational coefficients, facilitating the achievement 
of aspiration level in the era of IoT. This study used the influential factors, the most critical 
factor, and the minimal grey relational degree as the critical factors to determine the best 
improvement plan in reality. The following recommendations are made for promoting the 
performance of m-commerce. The decision-makers should think how to implore enterprises 
to promote “perceived security (D3)” as a priority dimension for improvement. Furthermore, 
the decision-makers can refer to D3 for advising their enterprises to prioritise the improve-
ment of “privacy protection (C11)” for upgrading their perceived security. Accordingly, the 
decision-makers can refer to the FINRM obtained from the FDEMATEL technique, the fuzzy 
influence weights obtained from the FDANP, and the grey relational degrees obtained from 
the MFGRA for improving the dimensions and criteria that are a priority in the improvement 
model for m-commerce. The results for Yahoo shopping (alternative A), PChome online 24 
hours (alternative B), and Amazon (alternative C) exhibited that “perceived security” is the 
main customer requirement, and therefore, the decision-makers should guarantee “privacy 
protection” in online transactions to enhance “perceived security”.
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Conclusions and remarks

On the basis of real world relationships, this paper combined the FDEMATEL technique, the 
FDANP, and MFGRA methods to develop a new hybrid FMADM model that could be uti-
lized to explore and promote m-commerce for satisfying consumer/user needs in the era of 
IoT. The principal emphasises of this study are as follows. First, a model was constructed for 
solving decision-making problems related to the improvement of m-commerce, and it could 
supply the decision-makers with a deep realization of the factors influencing m-commerce 
improvement. Second, the FDEMATEL technique can be used for constructing a fuzzy influ-
ence network relationship for systematic improvement, for solving problems related to inter-
active relationships in a fuzzy environment with uncertain information, and for overcoming 
the assumption of independent dimensions and criteria in hierarchic structure. The FDANP 
method is capable of deriving the fuzzy influence weights to eliminate the time-consuming 
investigations of the original ANP questionnaires and to address the feedback and depen-
dence problems. Third, the comparatively good result is substituted by the aspiration level 
to avoid the situation of “choosing the best among inferior alternatives” for satisfying the 
demands of current competitive markets. The MFGRA approach could convert the fuzzy 
performance values into fuzzy grey relational coefficients by using the concept of aspiration 
level to replace traditional “max-min” as the benchmark. The fuzzy grey relational coefficients 
could enable the decision-makers to increase the relational coefficients in each criterion and 
dimension for solving the problems of fuzzy decision-making and towards approximating 
the aspiration level based on the FINRM. The FINRM could support to identify the origins 
of a problem for their systematic improvement, and therefore, it can support the decision-
makers to realize the causality of fuzzy decision-making problems and establish the best 
improvement strategy for m-commerce in reality. Fourth, the new hybrid FMADM model 
could be utilized for not only the selection and ranking, but also the performance improve-
ment towards approximating the aspiration level. The empirical case study demonstrated 
that the proposed new hybrid FMADM model with MGRA/MFGRA is utility in perform-
ing ranking/selection and indicating the improvement direction. The results exhibited that 
Yahoo shopping (alternative A) obtained the best ranking and selection because it had the 
highest grey relational degree. Furthermore, the comparative results exhibited that the pro-
posed method is superior to the traditional method because its grey relational coefficient is 
not equal to one; moreover, the proposed method can obtain a more realistic grey relational 
degree. We conclude that the results provide guidance for the decision-makers by identifying 
the dimension/criterion critical for decision-making and by identifying the best approach for 
enhancing “perceived security” through “privacy protection” for promoting m-commerce.

Two limitations of this study require further examination. First, a large sample with a 
strong explanatory power should be used to verify the patterns in the results. Second, the 
evaluation attributes were adopted from the relevant literature for m-commerce, and the 
investigations of pre-test questionnaires in practice experience. A dominance-based rough 
set approach should be used to identify other possible criteria for analysis; such an approach 
can sort core attributes resulting from longitudinal studies and in-depth interviews.
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