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Abstract As mobile commerce (m-commerce) has con-
tinued to grow via advancements in wireless and mobile
technology, the issue of m-commerce has become more
significant. To improve m-commerce adoption, companies
should establish a perfect m-commerce environment and
learn to understand consumer needs. This paper proposes an
evaluation model for m-commerce that can explore and
improve m-commerce adoption for uncertain information in
a fuzzy environment. The model addresses the interdepen-
dence and feedback effects between criteria or dimensions,
the best alternative selection and systematic improvement by
adopting a new hybrid fuzzy MADM model, which uses the
fuzzy DEMATEL technique to construct the fuzzy INRM
and determine the fuzzy influential weights using the fuzzy
DANP. It further combines the fuzzy VIKOR methods for
creating the best improvement plan based on the fuzzy
INRM. An empirical case for evaluating m-commerce
adoption is used to verify the proposed planning model. The
results reveal that the proposed planning model can help
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companies improve m-commerce adoption for enhancing
consumer trust via integrity.

Keywords Mobile commerce adoption - Fuzzy MADM
(fuzzy multiple attribute decision making) - Fuzzy
DEMATEL (fuzzy decision making trial and evaluation
laboratory) - Fuzzy INRM (fuzzy influential network
relationship map) - Fuzzy DANP (fuzzy DEMATEL-based
analytic network process) - Fuzzy VIKOR (fuzzy
VlseKriterijumska Optimizacija I Kompromisno Resenje)

1 Introduction

With the advancement of wireless and mobile technologies,
business communities and industries for m-commerce are
developing along with the expansion in the number of
mobile phones. In particular, m-commerce can create
business opportunities as a result of its rapid market
development and the large number of mobile users [1].
Therefore, the issue of m-commerce has become signifi-
cant. To improve m-commerce adoption to satisfy users’
needs, companies should establish a perfect m-commerce
environment and work to understand customers’ needs. The
multiple attribute decision-making (MADM) problem often
exists to solve real-world situations in a fuzzy environment;
decision makers need to conduct open-minded judgment
responses by perception/feeling with natural language using
linguistic variables and fuzzy numbers based on individual
opinions. Fuzzy MADM methods can help decision makers
conduct open-minded and vague measurements with value
judgments that are not based on individual opinions; thus,
the results of the hybrid fuzzy MADM model can more be
reflective of real-world situations in the fuzzy environment
[2-5]. Previous studies [6—8] have listed many fuzzy
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MADM methods, but assumed independent criteria in a
hierarchical structure to achieve relatively optimal results
based on fixed current resources. There are many studies
that address methods to resolve the m-commerce issue [9—
11]; however, these studies assume that the criteria are
constructed independently and hierarchically. In real-world
problems, the relationships between the criteria or dimen-
sions are often interdependent and sometimes provide
feedback-like effects. To solve the above real-world situa-
tions, this study adopts a new hybrid fuzzy MADM model
using the fuzzy DEMATEL (decision-making trial and
evaluation laboratory) technique to construct the fuzzy
INRM (influential network relationship map) and determine
the fuzzy influential weights of fuzzy DANP (DEMATEL-
based analytic network process), and then combines the
fuzzy influential weights with the fuzzy VIKOR (VlseKri-
terijumska Optimizacija I Kompromisno Resenje) method
to explore and improve m-commerce adoption with uncer-
tain information in fuzzy environments to create the best
improvement plan. Therefore, our new hybrid fuzzy
MADM model is used to address the interrelationship cri-
teria with dependence and feedback problems using the
fuzzy DEMATEL technique to determine how to reduce
gaps and prioritize improvement in each alternative of each
criterion, dimension, and overall performance using the
hybrid fuzzy VIKOR method with the fuzzy influential
weights of fuzzy DANP based on the fuzzy INRM. These
three fuzzy stages are integrated in this hybrid fuzzy study
to construct a fuzzy evaluation model for improving the
criteria gap to achieve the aspiration level called for by the
hybrid fuzzy MADM model. Simon incorporated this basic
concept of the aspiration level in his work, receiving the
Nobel Prize in Economics in 1978 [12]. Finally, an
empirical case for evaluating m-commerce adoption is
illustrated to verify the proposed new hybrid fuzzy MADM
model that can be effective to create the best improvement
plan. The results reveal that the proposed planning model
can help companies’ decision makers improve m-commerce
adoption by enhancing consumer trust via integrity and
satisfying customers’ needs.

The remainder of this paper is organized as follows.
Section 2 describes the research framework of m-com-
merce. In Sect. 3, a new hybrid fuzzy MADM model for
exploring m-commerce adoption is developed. Section 4
presents an empirical case analysis to illustrate the pro-
posed model, and Sect. 5 concludes.

2 Research Framework of M-commerce
M-commerce is defined as any transaction with a financial

value that takes place via wireless communication tech-
nologies. In Business-to-Consumer (B2C) markets,
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m-commerce will create more business opportunities due
to the characteristics of mobility [13]. M-commerce can be
regarded as an extension of electronic commerce (e-com-
merce) and is developed by consumer behavior, technology
acceptance, and the diffusion of its applications and ser-
vices [14]. In this regard, this paper explores its evaluation
attributes within the existing literatures and questionnaire
responses and shows that the three dimensions of trust,
attitude, and mobile services are keys for m-commerce
adoption.

2.1 Trust

Trust has been considered as an activator for buyer—seller
transactions that provides consumers with high expectations
of satisfying business relationships; trust also encourages
customers’ business activity in online shopping [15, 16].
Based on prior conceptualizations of trust, we use four types
of trust antecedents to examine trust in m-commerce. These
antecedents include integrity, competence, benevolence, and
familiarity. Integrity is the expectation that the other side can
make good faith agreements, such as telling the truth and
fulfilling promises. Competence is the belief that the other
side will have the skills to do the bounden duty; the sufficient
competence of the mobile vendor will secure the provision of
goods and services to the consumers. Benevolence is the
expectation that the other side will behave with good inten-
tions; the benevolence of the mobile vendor will enhance
service quality and customer satisfaction. Familiarity is an
understanding generated from previous interactions and
experiences; consumer familiarity will influence behavioral
intentions via understanding the vendor [17-19].

2.2 Attitude

Attitude is defined as an individual’s perceptions of or
thoughts about performing certain behaviors [20]. In this
study, attitude refers to customers’ pre-service feelings
about using m-commerce technologies to fulfill their needs.
With regard to m-commerce use, the present study
decomposes attitude into perceived usefulness, perceived
ease of use, and compatibility [21]. Among these attributes,
perceived usefulness, perceived ease of use, and compati-
bility are the most frequently identified factors in the
adoption and diffusion of Internet-based technologies.
Perceived usefulness is the degree to which a user thinks
that using an information technology system will enhance
his/her own performance. Perceived ease of use is the
degree to which a user thinks that using an information
technology system will be simple. Compatibility is the
degree to which technology adoption fits the tasks, values,
and needs of the user [21-25].
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2.3 Mobile Services

Mobile services have been considered as a value-added
service for electronic transactions that can provide con-
sumers with significant added value in mobility, conve-
nience, personalization, and location to enhance business
relationships and encourage the usage of m-commerce [26,
27]. Based on prior conceptualizations of mobile services,
we break it down into four types: mobile communication
services (MCS), mobile information services (MIS),
mobile entertainment services (MES), and mobile trans-
action services (MTS) in order to examine the usage
intention of mobile services. MCS provide telecommuni-
cation services that will fulfill consumers’ information,
entertainment, or commerce needs via a mobile phone.
MIS provide consumers with dynamic information services
via a mobile phone. MES provide consumers with enter-
tainment application services via a mobile phone, and MTS
provide consumers with commerce and banking services
via a mobile phone. Accordingly, these factors will influ-
ence the usage of mobile services, and can be a significant
criterion in examining mobile commerce adoption [28-30].

Consequently, the research framework, which is based
on the conceptualizations of the aforementioned literature
and the investigation of pre-test questionnaires, has three
dimensions and eleven criteria to be selected or adopted, as
shown in Fig. 1.

3 Research Methodology

In this section, this study combines the fuzzy DEMATEL
technique with the fuzzy DANP and fuzzy VIKOR meth-
ods (see Appendix in detail) into a new hybrid fuzzy
MADM model to create the best improvement plan based
on the fuzzy INRM for m-commerce adoption in complex

ry
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Fig. 1 Research framework of M-commerce adoption

real-world interaction problems, as shown in Fig. 2. The
procedures/stages for the hybrid fuzzy MADM model are
summarized as follows. First, the fuzzy DEMATEL tech-
nique is used to construct a fuzzy total influence matrix and
the fuzzy INRM in the eleven criteria using experts’ fuzzy
questionnaires. We then determine the fuzzy influential
weights of fuzzy DANP using a fuzzy total influence
matrix based on the basic concept of ANP. Second, the
fuzzy VIKOR method is used to calculate the overall fuzzy
performance gaps in the eleven criteria and three dimen-
sions using the fuzzy performance scores obtained from
other experts’ fuzzy questionnaires and the fuzzy influen-
tial weights of fuzzy DANP. Finally, we determine how to
reduce the gaps and prioritize improvement for achieving
the aspiration level by constructing a hybrid fuzzy MADM
model based on the fuzzy INRM to create the best
improvement plan for m-commerce adoption.

3.1 Linguistic Variables and Fuzzy Numbers

The concept of a linguistic variable was proposed by Zadeh
[31] to address words or sentences with composite

| Trust |<—>| Attitude |
A\ /

| Mobile services |

EgH

Evaluation attributions of m-commerce adoption

1S

The fuzzy DEMATEL technique is used to
construct fuzzy total influence matrix and each
criterion’s fuzzy INRM in the 11 criteria using
experts’ fuzzy questionnaires, and then determine
the fuzzy influential weights of fuzzy DANP using a
fuzzy total influence matrix based on the basic
concept of ANP

D]'{C][, Cl27 ClS: C14}

Dy-{Cy1, Cpa, o}

D3-{Cs, Gy, G, Caa}

(Table 1-4)

v 1l

Fuzzy influential The fuzzy VIKOR
weights of fuzzy method is used to
DANP (Table 5) calculate the overall

A 4 fuzzy performance gaps

Fuzzy INRM (Fig. 5) in the 11 criteria and 3

| dimensions by using the

fuzzy performance

Conclusions
Construct a hybrid
fuzzy MADM model
to create the best
improvement plan for

m-commerce adoption

scores obtained from
other experts’ fuzzy
questionnaires and the
fuzzy influential
weights of fuzzy DANP
(Table 6)

Fig. 2 The procedure for hybrid fuzzy MADM model
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linguistic value in perception or feeling by a natural or
artificial language. This study uses the linguistic variables
to measure pairwise comparisons of the fuzzy DEMATEL
questionnaire, including “no influence,” “low influence,”
“medium influence,” “high influence,” and “very high
influence” with respect to a fuzzy linguistic scale by
experts’ perception/feeling; an example is shown in Fig. 3.
Similarly, linguistic variables are used to measure the
performance values for the fuzzy VIKOR questionnaire by
fuzzy linguistics, such as “very bad,” “bad,” “normal,”
“good,” and “very good.”

According to Dubois and Prade [32], fuzzy numbers are
a fuzzy subset of real numbers representing the expansion
of the idea of the confidence interval. According to the
definition of Laarhoven and Pedrycz [33], a triangular
fuzzy number should hold the following basic features: a
fuzzy number B on R to be a triangular fuzzy number when
its membership function pz(x) : R — [0, 1] is as follows:

x=0/(m—1), I<x<m
) = (h=x)/(h—m), m<x<h, (1)
0, otherwise

where [ and 4/ are the lower and upper bounds of the fuzzy

number B, respectively, and m is the modal value (see
Fig. 4).

The triangular fuzzy number can be measured by
B = (I,m,h); Eq. (2) is the operational laws of two trian-
B] :(11,ml,h1) and

gular fuzzy numbers

By = (L, my, hy).
Addition:B|, @ By = (I} + Lo, my + my, hy + hy)
Subtraction : B;®B, = )
Multiplication : B; ® By 2 (I} x Ly, m; X ma, hy X hy)
Division : By @By = (Iy/hy, my /my, by /1)
where b, my, hy # 0
(AL, Am, Jh),2.>0,). € R
(Zh, m, M), 2. <0,) € R

(
(lh —hoymy —my by — b
(

Scalar:A ® B = {

Medium Very
influence High  high

No Low

0 0.25 0.5 0.75 1

Fig. 3 Membership functions of fuzzy linguistic scale
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Fig. 4 Membership functions of triangular fuzzy number

3.2 The Fuzzy DEMATEL Technique

The procedure for constructing the fuzzy total influence
matrix and fuzzy INRM using the fuzzy DEMATEL
technique [34] (see Appendix 1) can be summarized as
follows:

e The first step is to construct the fuzzy direct relation
average matrix with expert questionnaires. A fuzzy
direct relation matrix is generated by each question-
naire, after which a fuzzy direct relation average matrix
A = [d;],,, can be obtained from the mean of the same
criteria in the respective fuzzy direct relation matrices
for all questionnaires. Questionnaires are required to
represent the degree of influence of criterion i on
criterion j, using the measurement scale 0 to 4 as
linguistic perception shown by natural language (such
as completely no influence (6), low influence (f),
medium influence (2), high influence (3), and extremely
high influence (4) for pairwise comparison of dimen-
sions/criteria.

e The second step is to calculate the fuzzy initial
influence matrix. The fuzzy initial influence matrix
can be obtained by normalizing the fuzzy direct relation
average matrix.

e The third step is to obtain the fuzzy total influence
matrix. The fuzzy total influence matrix can be
obtained by the infinite series of direct and indirect
effects for the fuzzy initial influence matrix.

e The fourth step is to build a fuzzy INRM (as Fig. 5)
based on the fuzzy total influence matrix.

3.3 The Fuzzy DANP

The procedure for determining the fuzzy influential
weights using the fuzzy DANP method [2] (see Appendix
2) can be summarized as follows:

e The first step is to construct the fuzzy un-weighted
super-matrix with the fuzzy total influence matrix of
criteria.
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e The second step is to determine the fuzzy weighted
super-matrix with the fuzzy un-weighted super-matrix
and the fuzzy total influence matrix of dimensions.

e The third step is to calculate the fuzzy influential
weights with the limit fuzzy weighted super-matrix.

3.4 The Fuzzy VIKOR

The procedure for evaluating the fuzzy performance gaps
using the fuzzy VIKOR method (see Appendix 3) can be
summarized as follows:

e The first step is to set the best (i.e., the aspiration level)
and worst levels in the fuzzy performance matrix [fk]} Kxn:

e The second step is to calculate the group utility (i.e., total
average gap) based on the sum of all individual criterion
gaps and calculate the individual maximum regret/gap of
an individual criterion for priority improvement.

e The third step is to calculate the comprehensive
indicators based on the view-points for various options.

3.5 Defuzzification for Ranking and Selection

The result of the fuzzy comprehensive decision achieved
by each alternative is a fuzzy number. Therefore, it is

numbers to compare the best plan for each alternative. In
this paper, we choose the defuzzified version of the center
of area method (COA) to determine the best non-fuzzy
performance (BNP) value of fuzzy numbers because it is
simple and practical. The BNP value of the triangular fuzzy
number Py = (IPy,mPy,hP;) for k alternative can be
calculated as shown in Eq. (3).
BNP;, = [P, + [(th — lPk) + (mPk — lPk)]/3.
(3)
According to the value of the derived BNP for each of

the alternatives, the ranking of the best plan of each of the
alternatives can be determined [35].

4 An Empirical Case for Improving M-commerce
Adoption

This section presents an empirical case study to verify the
proposed model for improving m-commerce adoption and

thereby enhancing consumer trust via integrity based on the
new hybrid fuzzy MADM model.

4.1 Problem Description

Mobile phone usage has continued to grow due to the

necessary to use a non-fuzzy ranking method for fuzzy  advancement in mobile marketing. Commercial
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Fig. 5 The fuzzy INRM for systematic improvement
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Table 1 The fuzzy direct relation average matrix A

Criteria  Cy; Cry Cis Crs Gy Co
cn (0.000,0.000,0.000) (0.271,0.521,0.729)  (0.396,0.646,0.854) (0.375,0.625,0.833)  (0.188,0.438,0.667) (0.188,0.438,0.667)
Cis (0.250,0.505,0.750)  (0.000,0.000,0.000)  (0.125,0.375,0.625)  (0.292,0.542,0.792)  (0.250,0.500,0.729)  (0.208,0.458,0.688)
Ci3 (0.229,0.479,0.729)  (0.125,0.375,0.625)  (0.000,0.000,0.000)  (0.271,0.521,0.771)  (0.104,0.354,0.604)  (0.104,0.354,0.604)
Ciy (0.313,0.563,0.813)  (0.292,0.542,0.792)  (0.292,0.542,0.792)  (0.000,0.000,0.000)  (0.458,0.708,0.958) (0.438,0.688,0.938)
Cy (0.188,0.438,0.688)  (0.396,0.646,0.875)  (0.146,0.396,0.646)  (0.316,0.563,0.792)  (0.000,0.000,0.000)  (0.479,0.729,0.958)
Cro (0.167,0.417,0.646)  (0.333,0.583,0.813)  (0.146,0.396,0.646)  (0.292,0.542,0.792)  (0.458,0.708,0.938)  (0.000,0.000,0.000)
Crs (0.146,0.396,0.646)  (0.333,0.583,0.813)  (0.125,0.375,0.625)  (0.354,0.604,0.854)  (0.479,0.729,0.958)  (0.479,0.729,0.958)
Cy (0.208,0.396,0.625)  (0.313,0.563,0.792)  (0.125,0.354,0.604) (0.167,0.417,0.667)  (0.354,0.604,0.833)  (0.354,0.604,0.833)
Cy (0.229,0.479.0.708)  (0.167,0.417,0.667) (0.125,0.375,0.625) (0.292,0.542,0.792) (0.313,0.563,0.771)  (0.271,0.521,0.729)
Css (0.354,0.604,0.972)  (0.396,0.646,0.833)  (0.354,0.604,0.833)  (0.396,0.646,0.854)  (0.438,0.688,0.875) (0.458,0.708,0.875)
Ciy (0.313,0.563,0.813)  (0.417,0.667,0.896)  (0.188,0.438,0.688)  (0.292,0.542,0.792) (0.313,0.563,0.813)  (0.500,0.750,0.958)
Criteria Cos Csy Cso Cs3 Csy

Cyy (0.167,0.417,0.646) (0.438,0.688,0.854) (0.375,0.625,0.833) (0.438,0.688,0.854) (0.583,0.833,0.979)
Cip (0.229,0.479,0.729) (0.208,0.458,0.708) (0.208,0.458,0.708) (0.208,0.458,0.708) (0.313,0.563,0.792)
Ci3 (0.208,0.458,0.708) (0.188,0.438,0.688) (0.188,0.438,0.688) (0.188,0.438,0.688) (0.250,0.500,0.750)
Ciy (0.333,0.583,0.833) (0.417,0.667,0.917) (0.417,0.667,0.917) (0.375,0.625,0.875) (0.417,0.667,0.917)
Cy (0.500,0.750,0.979) (0.313,0.563,0.813) (0.271,0.521,0.771) (0.313,0.563,0.792) (0.313,0.563,0.792)
Co (0.479,0.729,0.958) (0.333,0.583,0.833) (0.313,0.563,0.792) (0.292,0.542,0.792) (0.271,0.521,0.771)
Cys (0.000,0.000,0.000) (0.333,0.583,0.833) (0.292,0.542,0.792) (0.333,0.583,0.833) (0.292,0.542,0.792)
Cs (0.438,0.688,0.938) (0.000,0.000,0.000) (0.667,0.917,0.979) (0.729,0.979,1.000) (0.688,0.938,1.000)
Cso (0.458,0.708,0.938) (0.333,0.583,0.813) (0.000,0.000,0.000) (0.521,0.771,0.938) (0.479,0.729,0.917)
Cs;3 (0.438,0.688,0.875) (0.583,0.833,0.979) (0.458,0.708,0.896) (0.000,0.000,0.000) (0.458,0.708,0.917)
Csq (0.375,0.625,0.833) (0.583,0.833,0.938) (0.542,0.792,0.917) (0.500,0.750,0.875) (0.000,0.000,0.000)
The average sample gap = o377, 301 (laf; — af'[/af}) x 100 % = 2.2% < 5 %, where n is the number of criteria, p is the sample

of 14 experts and significant confidence is 97.8 %

m-commerce is being popularized by the expansion in the
number of mobile phones [36], and finding ways to
improve strategies for promoting m-commerce adoption in
Taiwan are growing in significance. Many previous studies
assumed independent criteria in a hierarchical structure to
achieve the relatively optimal result. This study aims to
develop a new hybrid fuzzy MADM model to handle the
complex real-world interaction problems to identify the
sources of the problem for systematic improvement to
avoid “choosing the best among inferior choices/alterna-
tives.” In other words, the relatively best result from the
existing alternatives is replaced by the aspiration level to
provide the improved direction.

4.2 Analysis of Results

This study constructed the structure of influential rela-
tionships in the decision-making problem using the fuzzy
DEMATEL technique and examined three dimensions with
eleven criteria to create the best improvement plan for
promoting m-commerce adoption in Taiwan. Based on

@ Springer

expert questionnaires, the fuzzy direct relation average
matrix A can be obtained, as shown in Table 1. With sig-
nificant confidence, the average sample gap equals only
2.2 % and is smaller than 5 % (i.e., the significant confi-
dence is 97.8 %, exceeding 95 %). The fuzzy initial
influence matrix E can be obtained by normalizing the
fuzzy matrix A. The fuzzy total influence matrix T can be
obtained by the infinite series of direct and indirect effects
for the fuzzy matrix E, as shown in Table 2. Table 2
reveals that all criteria have an interactive relationship. The
fuzzy matrix T can be divided into the fuzzy total influence
matrix by dimensions T and the total influence matrix by
criteria T¢, as shown in Tables 3 and 4, respectively.
Tables 3 and 4 show that the relationship of the three
dimensions and eleven criteria is based on expert cognition
in perception/feeling, and the sum of the influence given
and received for each dimension and criterion, respec-
tively. As shown in Table 3, trust has the largest positive
value (POcP), meaning that it is the most influential
dimension. Trust plays a major role in the evaluation
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Table 2 The fuzzy total influence matrix T

Criteria  Cy; Cin C3 Cus Co Co

Ci (0.194,0.398,0.866)  (0.304,0.525,1.016)  (0.245,0.456,0.923)  (0.318,0.534,1.033)  (0.312,0.539,1.045)  (0.325,0.551,1.053)
Cp (0.186,0.394,0.876)  (0.169,0.373,0.864)  (0.137,0.354,0.834) (0.226,0.442,0.954)  (0.241,0.462,0.974)  (0.240,0.465,0.977)
Ci3 (0.158,0.363,0.835)  (0.165,0.392,0.889)  (0.090,0.276,0.731)  (0.192,0.408,0.910)  (0.176,0.409,0.918)  (0.182,0.417,0.925)
Ciy (0.273,0.491,1.034)  (0.329,0.550,1.112)  (0.233,0.459,0.997)  (0.257,0.471,1.037)  (0.390,0.597,1.168)  (0.398,0.606,1.174)
Cyy (0.218,0.442,0.957)  (0.314,0.525,1.050)  (0.178,0.409,0.920) (0.289,0.510,1.050)  (0.257,0.464,0.997)  (0.366,0.571,1.103)
Cyp (0.207,0.431,0.941)  (0.293,0.508,1.032)  (0.172,0.401,0.909) (0.276,0.497,1.037)  (0.342,0.547,1.080)  (0.256,0.464,0.991)
Ca3 (0.209,0.434,0.955)  (0.300,0.515,1.046)  (0.172,0.404,0.920) (0.295,0.512,1.058)  (0.355,0.558,1.097)  (0.365,0.568,1.105)
Cs; (0.276,0.490,0.971)  (0.363,0.574,1.064) (0.217,0.452,0.935) (0.324,0.550,1.059)  (0.403,0.607,1.105) (0.418,0.620,1.113)
Cs, (0.234,0.451,0.942)  (0.276,0.500,1.012)  (0.181,0.410,0.902) (0.293,0.511,1.031)  (0.331,0.544,1.058)  (0.336,0.550,1.062)
Cs3 (0.310,0.531,1.029)  (0.386,0.603,1.113)  (0.268,0.499,0.998)  (0.376,0.597,1.123)  (0.426,0.637,1.156)  (0.444,0.652,1.165)
Ciy (0.289,0.509,1.011)  (0.374,0.586,1.097)  (0.224,0.462,0.964)  (0.339,0.565,1.095)  (0.385,0.602,1.128)  (0.434,0.636,1.150)
Criteria Co3 Cs; Cs, Cs;3 Csy

Cyy (0.329,0.558,1.075) (0.392,0.599,1.086) (0.383,0.593,1.076) (0.406,0.612,1.084) (0.440,0.639,1.123)
Cpo (0.249,0.476,1.003) (0.250,0.478,0.993) (0.250,0.479,0.985) (0.258,0.489,0.991) (0.283,0.509,1.024)
Ci3 (0.207,0.437,0.956) (0.208,0.440,0.946) (0.209,0.440,0.938) (0.216,0.450,0.944) (0.232,0.464,0.974)
Ciy (0.388,0.604,1.190) (0.408,0.619,1.188) (0.409,0.621,1.178) (0.414,0.628,1.182) (0.428,0.642,1.215)
Cy (0.378,0.582,1.129) (0.342,0.564,1.104) (0.335,0.559,1.090) (0.353,0.576,1.099) (0.358,0.584,1.127)
Cyp (0.364,0.569,1.114) (0.335,0.555,1.092) (0.332,0.554,1.079) (0.339,0.563,1.086) (0.339,0.567,1.111)
Ca3 (0.273,0.480,1.031) (0.344,0.563,1.108) (0.337,0.559,1.094) (0.356,0.575,1.105) (0.352,0.578,1.129)
Cs; (0.445,0.641,1.148) (0.359,0.556,1.042) (0.496,0.676,1.133) (0.522,0.697,1.142) (0.518,0.700,1.170)
Cs; (0.379,0.581,1.105) (0.360,0.572,1.085) (0.289,0.494,0.991) (0.408,0.607,1.094) (0.403,0.610,1.119)
Cs;3 (0.452,0.660,1.191) (0.484,0.684,1.191) (0.463,0.671,1.173) (0.382,0.591,1.088) (0.484,0.694,1.212)
Csy (0.422,0.632,1.163) (0.466,0.663,1.163) (0.461,0.660,1.152) (0.467,0.668,1.155) (0.369,0.578,1.093)

system and has the greatest actual impact on other
dimensions. Attitude has the least negative value (FP©c2)
and is thus most easily affected by other dimensions. As a
result, decision makers can manage trust as a core con-
sideration in potential m-commerce activity. Mobile ser-
vices have the highest strength of relationship (7 & ¢%)
and are thus considered the most interactive dimension by
experts, and also have the most significant relationship to
other dimensions. As shown in Table 4, integrity has the
largest degree of causality (71;©¢;;) and thus most easily
affects other criteria. Competence has the least degree of
causality (7,0¢1;) and is thus most easily affected by
other criteria. In addition, mobile entertainment services
have the most significant relationship (733 @ ¢33) to other
criteria. Based on Tables 3 and 4, the influential network
relationship can be illustrated by drawing a fuzzy INRM of
the three dimensions and their criteria, as shown in Fig. 5.
Based on Fig. 5, experts revealed that trust should be pri-
oritized in improvement. Then, the aforementioned fuzzy
DANP method is used to find the fuzzy influential weights
based on Saaty’s [37] basic concept of ANP [37]. The
fuzzy DANP can obtain a fuzzy un-weighted super-matrix

that reveals the degrees of influence among the relation-
ships. Furthermore, we also consider the impacts of other
dimensions to obtain the fuzzy weighted super-matrix,
which reflects the degrees of influence exerted by other
dimensions. The fuzzy weighted super-matrix is multiplied
by itself multiple times to obtain the limit fuzzy weighted
super-matrix. Then, the fuzzy influential weights (i.e.,
global weights) can be calculated using the infinite power
of the limit fuzzy weighted super-matrix until the super-
matrix has converged and become a steady-state super-
matrix, as shown in Table 5. Finally, the fuzzy influential
weights are used to weight the fuzzy VIKOR for inte-
grating each criterion into each dimensional and overall
performance. This allows us to evaluate the performance
gaps and discover the priority improvements in creating the
best improvement plan to reduce performance gaps and
achieve m-commerce adoption based on the fuzzy INRM
(see Fig. 5). An empirical case is illustrated to evaluate the
performance gaps combining the fuzzy influential weights
with fuzzy VIKOR method. The performance gaps can be
obtained based on performance questionnaires, as shown in
Table 6. Furthermore, the fuzzy comprehensive indicators

@ Springer
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Table 3 The fuzzy total influence matrix T, by dimensions, and the sum of influences given/received for dimensions

D
i

0O ¢

Ds

D,

Dimensions

(—2.115,0.070,2.272)
(—2.323,-0.091,2.142)

(—2.150,0.021,2.175)

(1.584,2.899,5.972)
(1.937,3.223,6.402)
(2.236,3.507,6.561)

(0.757,1.414,2.943)
(1.021,1.657,3.239)
(1.101,1.743,3.285)

(0.828,1.484,3.028)
(0.916,1.566,3.163)
(1.135,1.764,3.276)

(0.217,0.430,0.932) (0.286,0.510,1.038) (0.324,0.544,1.058)

(0.244,0.466,0.990)

D,

(0.343,0.566,1.102)

(0.328,0.534,1.072)

D,

(0.296,0.518,1.022) (0.406,0.613,1.129) (0.433,0.633,1.125)

D;

Rk can also be obtained; the value of v can indicate deci-
sions by the experts that are adjusted asv =1, v = 0.5 and
v =0 in this paper. The defuzzified results of the com-
prehensive indicators are 0.384 (the group utility), 0.414
(the majority of criteria), and 0.444 (individual maximum
gap), revealing that the integrity criterion in trust is the first
priority in terms of improvement.

4.3 Discussions and Implications

In some fields or problems (e.g., decision making, rea-
soning, and learning), traditional mathematical tools are
not entirely suitable for establishing a model. Zadeh [38]
proposed fuzzy set theory to address problems of vague-
ness or imprecision in human cognitive processes. Bellman
and Zadeh [39] described the decision-making methods in
fuzzy environments, and an increasing number of studies
have dealt with uncertain fuzzy problems by applying
fuzzy set theory. Zadeh [31] proposed the concept of a
linguistic variable to address words or sentences with
composite linguistic value in perception or feeling via
natural language. Therefore, the notion of fuzzy theory is
necessary in such situations (i.e., the application of fuzzy
theory has been widely used in solving actual problems to
evaluate different works). This study adopts a new hybrid
fuzzy MADM model to explore and improve m-commerce
adoption with uncertain information in a fuzzy environ-
ment to create the best improvement plan. The fuzzy
influential analyses among dimensions and criteria are
shown in Fig. 5, and the fuzzy/defuzzified performance
gaps are shown in Table 6, which help decision makers to
make actual decisions. According to Fig. 5, three dimen-
sions and eleven criteria can be easily shown to influence
each other. The results reveal that trust, which has the
largest positive value (P@cP), is the most influential
dimension for priority improvement; this is the source of
the problem, followed by mobile services and attitude.
Similarly, integrity, with the largest positive value
(711©¢11), is the most influential criterion, followed by
familiarity and mobile entertainment services. To solve the
problem of conflicting criteria, fuzzy influential weights
are used to weight the fuzzy VIKOR (the compromise
ranking method) to evaluate fuzzy/defuzzified performance
gaps and determine the priorities for improvement based
on the fuzzy INRM. The fuzzy performance scores are
replaced by the fuzzy performance gaps that represent the
direction of improvement, which is more suitable in the
current competitive environment. According to Table 6,
trust, the dimension with the maximal gap value, should be
prioritized in improvement, followed by mobile services
and attitude; similarly, integrity, the criterion with the
maximal gap value, should be prioritized in improvement,
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Table 5 The steady-state super-matrix with the fuzzy influential weights of fuzzy DANP

C2 3

C22

C21

Ciy

C13

ClZ

Cll

Criteria

(0.055,0.080,0.105)  (0.035,0.065,0.093)  (0.054,0.079,0.106)  (0.089,0.112,0.139)  (0.092,0.115,0.140)  (0.095,0.117,0.144)

(0.043,0.070,0.096)

Fuzzy influential weights

Csy

C33

C3 2

C3l

Criteria

(0.077,0.089,0.100) (0.080,0.091,0.101) (0.081,0.093,0.103)

(0.077,0.089,0.101)

Fuzzy influential weights

followed by compatibility and familiarity. The results
revealed that the proposed model can improve the prob-
lems of m-commerce according to the fuzzy INRM and
can reduce these gaps to achieve the aspiration level, based
on real-world interrelationships of dependence and the
feedback problem. The following recommendations are
proposed to improve m-commerce adoption in Taiwan.
Decision makers should consider how to request compa-
nies to improve consumer trust (D;) as a priority
improvement. Another option for decision makers is to
reference D; to advise their companies to prioritize the
improvement of integrity (Cy;), followed by familiarity
(C14) in order to improve consumer trust. In other words,
decision makers can reference the fuzzy INRM of the
fuzzy DEMATEL technique and the fuzzy/defuzzified
performance gaps of the fuzzy VIKOR to improve their
priority dimensions and criteria to evaluate and improve
m-commerce. The results revealed that trust (D;) best
predicts consumer needs, and decision makers should
provide an optimal interactive environment to enhance
consumer trust.

5 Conclusions

This study developed a new hybrid fuzzy MADM model
adopting the fuzzy DEMATEL technique and the fuzzy
DANP method to construct the fuzzy INRM and determine
the fuzzy influential weights by fuzzy DANP, and it then
combined the fuzzy influential weights with the fuzzy
VIKOR method to explore and improve m-commerce
adoption with uncertain information in a fuzzy environ-
ment to create the best improvement plan. After an
empirical case study, several main contributions are
described as follows. First, this study can construct an
improvement model for the decision-making problem of
m-commerce, and can provide decision makers with a
deeper understanding of m-commerce adoption via the
proposed model. Second, the fuzzy DEMATEL technique
can construct a fuzzy INRM to solve interactive relation-
ships in the real world and overcome independent
assumptions in a hierarchical structure. The fuzzy DANP
method can derive the fuzzy influential weights and
overcome the problems of dependence and feedback.
Third, the relatively optimal result is replaced by the
aspiration level to avoid “picking the best apple from a
barrel of rotten apples.” The fuzzy VIKOR method can
transform the fuzzy performance scores into fuzzy per-
formance gaps by setting the aspiration level based on the
fuzzy influence weights. The fuzzy/defuzzified perfor-
mance gaps enable the decision maker to reduce the gaps
in each dimension and criterion to improve the decision-
making problem and achieve his/her the aspiration level
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Table 6 The performance gap evaluation of the case study using the fuzzy VIKOR

Dimensions/ Global weights Local weights Case study
criteria (fuzzy numbers and (fuzzy numbers
BNP values) and BNP values) Score (fuzzy performances  Gap (fuzzy gaps
and BNP values) and BNP values)
Trust(D,) (0.186,0.294,0.399), 0.293  (1.483,2.482,3.4389), 2.468 (0.140,0.380,0.630), 0.383

Integrity (Cy)
Competence (Cj,)
Benevolence (C;3)
Familiarity (C4)

Attitude (D»)

Perceived usefulness (C;)
Perceived ease of use (Cyy)
Compatibility (C,3)
Mobile services (Ds)
MCS (G5y)

MIS (C3)

MES (C33)

MTS (C34)

Total average performance

Total average gap

(0.043,0.070,0.090), 0.070
(0.055,0.080,0.105), 0.080
(0.035,0.065,0.093), 0.064
(0.054,0.079,0.106), 0.079

(0.089,0.112,0.139), 0.113
(0.092,0.115,0.140), 0.116
(0.095,0.117,0.144), 0.118

(0.077,0.089,0.101), 0.089
(0.077,0.089,0.100), 0.088
(0.080,0.091,0.101), 0.091
(0.081,0.093,0.103), 0.092

(0.230,0.238,0.242), 0.238
(0.295,0.272,0.262), 0.272
(0.187,0.220,0.232), 0.219
(0.288,0.270,0.264) 0.271
(0.276,0.344,0.424), 0.347
(0.322,0.326,0.329), 0.326
(0.333,0.333,0.332), 0.333
(0.345,0.340,0.340), 0.341
(0.315,0.362,0.405), 0.360
(0.244,0.246,0.249), 0.247
(0.243,0.246,0.247), 0.246
(0.254,0.252,0.249), 0.251
(0.258,0.256,0.255), 0.256

(1.250,2.250,3.167), 2.222
(1.583,2.583,3.583), 2.583
(1.583,2.583,3.583), 2.583
(1.500,2.500,3.417), 2.472
(1.744,2.747,3.636), 2.709
(1.917,2.917,3.750), 2.861
(1.917,2.917,3.833), 2.889
(1.417,2.417,3.333), 2.389
(1.667,2.667,3.584), 2.639
(1.667,2.667,3.583), 2.639
(1.667,2.667,3.667), 2.667
(1.583,2.583,3.417), 2.528
(1.750,2.750,3.667), 2.722
(1.283,2.640,4.365), 2.763

(0.208,0.438,0.688), 0.444
(0.104,0.354,0.604), 0.354
(0.104,0.354,0.604), 0.354
(0.146,0.375,0.625), 0.382
(0.091,0.313,0.563), 0.323
(0.063,0.271,0.521), 0.285
(0.042,0.271,0.521), 0.278
(0.167,0.396,0.646), 0.403
(0.104,0.333,0.583), 0.340
(0.104,0.333,0.583), 0.340
(0.083,0.333,0.583), 0.333
(0.146,0.354,0.604), 0.368
(0.083,0.313,0.563), 0.319

(0.084,0.340,0.726), 0.384

Table 7 Membership functions

for fuzzy DEMATEL
questionnaire as example

Linguistic scales of fuzzy number d;

Corresponding triangular fuzzy
numbers (a’;, a” ag)

ij2 *ij 0

No influence (6)

Low influence (f )

(0,0,0.25)
(0,0.25,0.5)
(0.25,0.5,0.75)

Medium influence (2)
High influence (3)
Very high influence (4)

(0.5,0.75,1)
(0.75,1,1)

based on the fuzzy INRM. Fourth, the proposed model can
be used for not only “ranking and selecting,” but also for
“improvement” in achieving the aspiration level (reducing
gaps to zero). Finally, the empirical case reveals that the
proposed model is effective.

Appendix: Hybrid Fuzzy MADM Model Based
on the Fuzzy DANP and Fuzzy VIKOR

Appendix 1: The Fuzzy DEMATEL Technique

The technique is described as follows:
Step 1 Calculate the fuzzy direct relation average matrix.
The fuzzy direct relation average matrix A is given by
Eq. (4), and membership functions of the linguistic scale in
this paper are constructed using triangular fuzzy numbers, as

shown in Table 7, where A = [d;],,., = [(afj, ag;',ag)]nxn, aj

nxn

represents the fuzzy degree of direct influence of criterion i
on criterion j.

apg ajj Ain
A= |ag --- aig - din |- (4)
4y - dnj cee

Step 2 Calculate the fuzzy initial influence matrix.

The fuzzy initial influence matrix E can be obtained by
normalizing matrix A. In addition, matrix E can be
obtained by Egs. (5) and (6), in which the main diagonal
criteria are equal to zero.

E = A/s (3)

n n
s = max{ max a', max a}, (6)
joolSisni Pisjsnig Y

@ Springer



International Journal of Fuzzy Systems, Vol. 17, No. 3, September 2015

410

Where E = [éU]an - [(ef]’elj’eZ)]nxn’ (O 0 O) Sél]
<(1,1,1), (0,0,0)< Fle,],zl 1€;<(1,1,1), and
i,j=1,2,...,n; If at least one row or column of sum-

mation is equal to 1 (but not all) in >77 | &; and DI, &,
we can guarantee lim, .., E* = [0] . = [(0,0,0)]
Step 3 Calculate the fuzzy total influence matrix.

nxn*

The fuzzy total influence matrix 7 can be obtained by
the infinite series of direct and indirect effects for matrix E.
In addition, matrix 7' can be obtained by Eq. (A4), in which
I is an identity matrix.

. ® EF

—EQ(I®E®E o..0FE"
® IOFE) @ IOE)"
- . - 7
—E® (IOFE) ® (IOE)", then ™)
T =E® (IOE)", when lim EX
= [G}nxn = 10,0, O]nxn
where f:: [ilen = [tfjat:}17t5]m’ i,j=1,2,...,n and
1= (IOF)® (IOF) "

Step 4 Construct the fuzzy INRM.

According to Eqgs. (8) and (9), the sum of each row and
column for matrix 7 can be obtained, where 7; denotes the
sum of the ith row of matrix 7 and shows the sum of the
direct and indirect effects that criterion i influences other
criteria, and ¢; denotes the sum of the jth column of the
matrix 7 and shows the sum of the direct and indirect
effects that criterion j is influenced by other criteria. When
i equals j, r; ® ¢; represents an index of the strength of
influence given and received and shows the degree of the
central role that criterion i plays in the problem. In addi-
tion, 7;®c¢; represents the degree of causality among crite-
ria. Based on matrix T, the fuzzy INRM can be constructed
by the fuzzy degrees of influence and causality.

F=[fi],= lg t,j] = [Fly- oy Fiyee oy Paloxs

= [(ri,}’]ln,r]il)’,__’(r{7ﬂn’rﬁ)7__.’(rl ],.m rh)}nxl

¢=g [th] = [é1. Gl
o O
- [(cﬁ,c'r,c'n (e (et

where vector 7 and ¢ denote the sum of vector row and
column, respectively, i, j € {1,2,...,n}.

Appendix 2: The Fuzzy DANP Method

The method is described as follows:

@ Springer

Step 1 Construct the fuzzy un-weighted super-matrix.
The fuzzy total influence matrix can be measured by

criteria, as shown in matrix T c in Eq. (10). Matrix Tc can

be obtained from a normalized matrix T¢ with the total
degree of effect of dimensions, as shown in Eq. (11). Next,

the fuzzy un-weighted super-matrix W can be obtained by
transposing matrix T%, as shown in Eq. (12).

D D D,
CuCimy o S Cimp Gt Comy
G 1 =1 =1
¢ j n
D ¢ TC TC Tc
i | .
o G =il =i in | _ ol qem mph ( )
o= O[T o F e T |=@LT T
Cim . .
Cul Tnl iw;/ m
Dy i c c
Comy
Dy D; D,
i Cm Gy CureComy
[T Tl e el ... ain
D c c c
1y R . .
ra _ Cip Fail ... Aaii ... Aain | _ el gqam qah ( )
TC - D I; T: T: _(TC ’TC ’TC )
Cim; . .
Cn ranl ... Fanj ... mann
D, T T; T
Comy,
D .. D . D,
CiCro CiCimg Gt Comy
£ 7all 17l 77l
: i n
) Cimy W w w
B ' ' , . (12)
— an! _ J =, =, gt _ m
W=y = e e W =W
Cimj . .
b :Cnl Wln Wm sz
)

Step 2 Determine the fuzzy weighted super-matrix
matrix.
The fuzzy total influence matrix can be measured by

dimension, as shown in matrix Tp in Eq. (13). Matrix T 5
can be obtained from a normalized matrix T with the total
degree of effect, as shown Eq. (14). The normalized matrix
TN’%‘, and the un-weighted super-matrix W are used to yield
the weighted super-matrix W?, as shown Eq. (15).

Step 3 Calculate the fuzzy influential weights.

The fuzzy weighted super-matrix W* is multiplied by
itself multiple times to obtain the fuzzy limit weighted
Then, the fuzzy influential
weights can be calculated with lim/;_,oo(Wa)ﬁ until the
super-matrix has converged and become a stable super-
matrix, where f§ represents a positive integer number.

super-matrix limﬁ_,oo(Wx)ﬁ .
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[ Dy Dy Dim ]
oty fy . I
J— J
—dy =300
= D; Dy Di ~ -D;;
T = i '“tij/ S P _)d":zjniltijj
7 m Dy
o B ]| T = s
Il ’ tmj “
! h -
(TD7 Tgv T ) (13)
J i Dimpy 7. ]
”@d] lljlj@d] tll’}l'l @dl
o it () 7 i Dim(h 7
T% = il ! @dl "0d tim @d,
@d ;lj@dm E,[,z;nnm@dm |
[ 7o 20 0lm ]
tlll n; i
_ pedil 2% Dim | __ ol Arom  groh
= |t [ tm | = (Tp, Tp", Th')
201 oy Flnm
_tml e tmjl f
(14)
W= e W
— ~ o ~ . ‘ ~ o
17711 ® Wll tl;j 0) Wzl l:'fr];l,, ® Wnl
_ i1 y71j 20ij i Zlim v
= |t OW i OW i O W
”Uiml Wln l?%zfj ® Win v o ® Wnn
mj mm _

_ (W“l, Wam, Woch)

Appendix 3: The Fuzzy VIKOR Method

The expansion of the fuzzy VIKOR method began with the
following form of the ii metric:

i-{S e (roifelior ]’}

=
Ry = ﬁ*@ﬁj @Vj (17)

where 7 is the fuzzy gap (i.e., fuzzy degrees of regret) of
the jth criterion in the kth alternative, w; is the influential

(16)

weight of the jth criterion, fkj is the performance score of

the jth criterion in the kth alternative, f;* is the best value
(i.e., the aspiration level), and ]3._ is the worst level,
1<p<Lo0,j=1,2,...,n, k=1,2,...,K. The method is
described as follows:

Step 1 Set the fuzzy aspiration level and worst level.

The proposed approach for improvement is given the
fuzzy aspiration and worst level, as shown in Egs. (18) and
(19).

The fuzzy aspiration levels:

fj"* = (fl*v f7 . 7f)
The fuzzy worst levels:
=S ) (19)

In this study, questionnaires use the measuring scores 0

(18)

to 4 (very bad « 0,1,2,3,4 — very good) to evaluate the
performances; therefore, the fuzzy aspiration level can be

]*l’.];*myﬂ*h) = (4,4,4) and the fuzzy

= (}3,*17];*’",]3%) = (0,0,0). This
approach can avoid “picking the best apple from a barrel of
rotten apples.” Membership functions of linguistic scale
for questionnaires are constructed using triangular fuzzy
numbers, as shown in Table 8.

Step 2 Calculate the fuzzy group utility and individual
maximum regret.

set at score j;* =

worst level, at score ]T

The fuzzy group utility Gy and individual maximum
regret M; for gap measures can be formulated using the
concept (I:’,:Zl and ;=) of the fuzzy VIKOR method,
respectively, as shown in Eqgs. (20) and (21). The com-
min; G;) minimizes the
integrating gap (i.e., the average gap), which will be
improved to ensure a value closest to the aspiration level.
In addition, the fuzzy group utility is emphasized
to make p small (e.g., p = 1); if p tends toward infinity,
the fuzzy individual maximum regrets/gaps receive a
greater priority in the improvement of each dimension/
criterion.

promise solution ming L‘Z (.e.,

== =

ZWJ ® Fy
_ Zw] (L@*@ﬁ(j‘@@@ﬁ

My = I~

) (20)

0o _ max{fkjlf =1,2,.. .,n}
J

T L . (21)
:mfxﬂ;;.(afkj‘gm of ‘[]:1 2 n}
Step 3 Calculate the fuzzy comprehensive indicators.

The fuzzy comprehensive indicators Ry for improving
and ranking the results can be obtained with Eq. (22).

Therefore, R; can be considered the basis of the ranking/
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Table 8 Membership functions for fuzzy VIKOR questionnaire as
example

Linguistic scales of Corresponding triangular

fuzzy number (f;;) fuzzy numbers (fA{/, S f}f})

Very bad (6) 0,0,1)
Bad (I) 0,1,2)
Normal (2) (1,2,3)
Good (3) 2,34
Very good (4) (3.4.4)

improving alternatives when Ry is close to zero (i.e., close
to the aspiration level).

R =v© (GOG) (G OG) & (1 —v)
® (MOM*)F (M~ OM"), (22)

where v represents the weight of the strategy. Generally,
v = 0.5, which can be adjusted depending on the case
under consideration from the view-points for various
options; v = 1 indicates that only the average gap is con-
sidered, and v = 0 indicates that only the fuzzy individual
maximum regret/gap is prioritized for improvement.

Eq. (22) also can be rewritten as R, = v ® Gy @ (1 —v) ©
M, when the fuzzy best gap is G* = (0,0,0) and the fuzzy
worst gap G = (1,1,1) in the average gap, and the fuzzy
best gap is M* = (0,0,0) and the fuzzy worst gap M~ =
(1,1, 1) in the individual maximum gap.

References

1. Chong, A.Y.L.: Predicting m-commerce adoption determinants: a
neural network approach. Expert Syst. Appl. 40(2), 523-530
(2013)

2. Lu, M.T., Tang, L.L., Tzeng, G.H.: Environmental strategic ori-
entations for improving green innovation performance in fuzzy
environment—using new fuzzy hybrid MCDM model. Int.
J. Fuzzy Syst. 15(3), 297-316 (2013)

3. Hsieh, T.Y., Lu, S.T., Tzeng, G.H.: Fuzzy MCDM approach for
planning and design tenders selection in public office buildings.
Int. J. Project Manag. 22(7), 573-584 (2004)

4. Tzeng, G.H., Huang, J.J.: Multiple Attribute Decision Making:
Methods and Applications. CRC Press, New York (2011)

5. Tzeng, G.H., Huang, J.J.: Fuzzy Multiple Objective Decision
Making. CRC Press, New York (2013)

6. Chen, V.Y.C,, Lien, H.P., Liu, C.H., Liou, J.J.H., Tzeng, G.H.,
Yang, L.S.: Fuzzy MCDM approach for selecting the best envi-
ronment-watershed plan. Appl. Soft Comput. 11(1), 265-275
(2011)

7. Biiyiikozkan, G., Cifci, G.: A combined fuzzy AHP and fuzzy
TOPSIS based strategic analysis of electronic service quality in
healthcare industry. Expert Syst. Appl. 39(3), 2341-2354
(2012)

@ Springer

8. Calabrese, A., Costa, R., Menichini, T.: Using Fuzzy AHP to
manage Intellectual Capital assets: an application to the ICT
service industry. Expert Syst. Appl. 40(9), 3747-3755 (2013)

9. Biiyiikozkan, G.: Determining the mobile commerce user
requirements using an analytic approach. Comput. Stand. Inter-
faces 31(1), 144-152 (2009)

10. Lin, J., Lu, Y., Wang, B., Wei, K.K.: The role of inter-channel
trust transfer in establishing mobile commerce trust. Electron.
Commer. Res. Appl. 10(6), 615-625 (2011)

11. Chong, A.Y.L.: A two-staged SEM-neural network approach for
understanding and predicting the determinants of m-commerce
adoption. Expert Syst. Appl. 40(4), 1240-1247 (2013)

12. Simon, H.A.: Theories of bounded rationality. In: McGuire, C.B.,
Radner, R. (eds.) Decision and Organization, pp. 161-176. North-
Holland, Amsterdam (1972)

13. Barnes, S.J.: The mobile commerce value chain: analysis and
future developments. Int. J. Inf. Manag. 22(2), 91-108 (2002)

14. Ngai, E.'W.T., Gunasekaran, A.: A review for mobile commerce
research and applications. Decis. Support Syst. 43(1), 3-15
(2007)

15. Gefen, D., Karahanna, E., Straub, D.W.: Trust and TAM in online
shopping: an integrated model. MIS Quart. 27(1), 51-90 (2003)

16. Pavlou, P.A., Fygenson, M.: Understanding and predicting elec-
tronic commerce adoption: an extension of the theory of planned
behavior. MIS Quart. 30(1), 115-143 (2006)

17. Gefen, D., Straub, D.W.: Consumer trust in B2C e-commerce and
the importance of social presence: experiments in e-products and
e-services. Omega 32(6), 407-424 (2004)

18. Gefen, D., Benbasat, I., Pavlou, P.A.: A research agenda for trust in
online environments. J. Manag. Inf. Syst. 24(4), 275-286 (2008)

19. Fang, Y., Qureshi, 1., Sun, H., McCole, P., Ramsey, E., Lim,
K.H.: A research agenda for trust in online environments.
J. Manag. Inf. Syst. 24(4), 275-286 (2014)

20. Ajzen, I.: The theory of planned behavior. Organ. Behav. Hum.
Decis. Process. 50(2), 179-211 (1991)

21. Taylor, S., Todd, P.: Decomposition and crossover effects in the
theory of planned behavior: a study of consumer adoption
intentions. Int. J. Res. Mark. 12(2), 137-155 (1995)

22. Liao, S., Shao, Y.P., Wang, H., Chen, A.: The adoption of virtual
banking: an empirical study. Int. J. Inf. Manag. 19(1), 63-74
(1999)

23. Davis, F.D.: Perceived usefulness, perceived ease of use, and user
acceptance of information technology. MIS Quart. 13(3),
319-340 (1989)

24. Davis, F.D., Bagozzi, R.P., Warshaw, P.R.: User acceptance of
computer technology: a comparison of two theoretical models.
Manag. Sci. 35(8), 982-1003 (1989)

25. Pynpoo, B., van Braak, J.: Predicting teachers’ generative and
receptive use of an educational portal by intention, attitude and
self-reported use. Comput. Hum. Behav. 34, 315-322 (2014)

26. Kuo, Y.F., Chen, P.C.: Selection of mobile value-added services
for system operators using fuzzy synthetic evaluation. Expert
Syst. Appl. 30(4), 612-620 (2006)

27. Kuo, Y.F., Yen, S.N.: Towards an understanding of the behav-
ioral intention to use 3G mobile value-added services. Comput.
Hum. Behav. 25(1), 103—-110 (2009)

28. Kuo, Y.F.,, Wu, CM., Deng, W..: The relationships among
service quality, perceived value, customer satisfaction, and post-
purchase intention in mobile value-added services. Comput.
Hum. Behav. 25(4), 887-896 (2009)

29. Bouwman, H., Bejar, A., Nikou, S.: Mobile services put in con-
text: a Q-sort analysis. Telematics Inform. 29(1), 66-81 (2012)

30. Nikou, S., Mezei, G.: Evaluation of mobile services and sub-
stantial adoption factors with analytic hierarchy process (AHP).
Telecommun. Policy 37(10), 915-929 (2013)



S. Hu et al.: Improving Mobile Commerce Adoption Using a New Hybrid Fuzzy MADM Model 413

31. Zadeh, L.A.: The concept of a linguistic variable and its appli-
cation to approximate reasoning. Inf. Sci. 8(3), 199-249 (1975)

32. Dubois, D., Prade, H.: Operations on fuzzy numbers. Int. J. Syst.
Sci. 9(6), 613-626 (1978)

33. van Laarhoven, P.J.M., Pedrycz, W.: A fuzzy extension of Saa-
ty’s priority theory. Fuzzy Sets Syst. 11(1-3), 199-227 (1983)

34. Hsu, C.Y., Chen, K.T., Tzeng, G.H.: FMCDM with fuzzy
DEMATEL approach for customers’ choice behavior model. Int.
J. Fuzzy Syst. 4(4), 236-246 (2007)

35. Opricovic, S., Tzeng, G.H.: Defuzzification within a fuzzy mul-
ticriteria decision model. Int. J. Uncertain. Fuzz Knowl.-Based
Syst. 11(5), 635-652 (2003)

36. Watson, C., McCarthy, J., Rowley, J.: Consumer attitudes
towards mobile marketing in the smart phone era. Int. J. Inf.
Manag. 33(5), 840-849 (2013)

37. Saaty, T.L.: Decision Making with Dependence and Feedback:
The Analytic Network Process. RWS Publications, Pittsburgh
(1996)

38. Zadeh, L.A.: Fuzzy sets. Inf. Control 8(2), 338-353 (1965)

39. Bellman, R.E., Zadeh, L.A.: Decision-making in a fuzzy envi-
ronment management. Science 17(4), 141-164 (1970)

Shu-Kung Hu received his B.S.
and M.S. degree in Electrical
Engineering in 1994 and 1996
from Kanto Gakuin University,
Japan, and his Ph.D. degree in
Engineering in 1999 from the
same University, Japan. From
August 1999 to July 2007, he
was working as an Assistant
Professor in the Department of
Electrical Engineering, Chien
Hsin University of Science and
Technology, Taiwan. In August
2007, he joined Kainan Univer-
sity, Taiwan, as Assistant Pro-
fessor. His current research interests include multiple criteria decision
making and fuzzy set theory.

Ming-Tsang Lu received his
Ph.D. degree in management
from Yuan Ze University, Tai-
wan. His primary research focus
is on Marketing, Multiple Cri-
teria Decision Making, applica-
tion of fuzzy theory to
information systems, and Inno-
vation management.

Gwo-Hshiung Tzeng received
his B.S. degree in Business
Management from the Tatung
Institute of Technology (now
Tatung University), Taiwan, in
1967. In 1971, he received his
M.S. degree in Urban Planning
from Chung Hsing University
(now Taipei University), Tai-
wan; and in 1977, he received
his Ph.D. degree in Manage-
ment Science from Osaka
University, Japan. He was an
Associate Professor at Chiao
Tung University, Taiwan, from
1977 to 1981; a Research Associate at Argonne National Laboratory,
from July 1981 to January 1982; a Visiting Professor in the Depart-
ment of Civil Engineering at the University of Maryland, College
Park, from August 1989 to August 1990; a Visiting Professor in the
Department of Engineering and Economic System, Energy Modeling
Forum at Stanford University, from August 1997 to August 1998;
Professor (1981-2003) and Chair Professor (from 2003) at Chiao
Tung University; President (2004-2005) and Distinguished Chair
Professor (2004-2013) at Kainan University; and Distinguished Chair
Professor at National Taipei University (from 2013). He received the
MCDM Edgeworth-Pareto Award from the International Society on
Multiple Criteria Decision Making (June 2009), the world Pinnacle of
Achievement Award in 2005, and the National Distinguished Chair
Professor Award (highest honor offered) of the Ministry of Education
Affairs of Taiwan; additionally, he is a three-time recipient of a
distinguished research award and was twice named a distinguished
research fellow (highest honor offered) of the National Science
Council of Taiwan. His current research interests include data anal-
ysis (crisp sets, fuzzy set theory, rough set theory, statistics and
multivariate analysis, evolutionary computation, soft computing,
etc.), multiple criteria decision making (MADM and MODM), and so
on for applications in the real-world problems.

@ Springer



	Improving Mobile Commerce Adoption Using a New Hybrid Fuzzy MADM Model
	Abstract
	Introduction
	Research Framework of M-commerce
	Trust
	Attitude
	Mobile Services

	Research Methodology
	Linguistic Variables and Fuzzy Numbers
	The Fuzzy DEMATEL Technique
	The Fuzzy DANP
	The Fuzzy VIKOR
	Defuzzification for Ranking and Selection

	An Empirical Case for Improving M-commerce Adoption
	Problem Description
	Analysis of Results
	Discussions and Implications

	Conclusions
	Appendix: Hybrid Fuzzy MADM Model Based on the Fuzzy DANP and Fuzzy VIKOR
	Appendix 1: The Fuzzy DEMATEL Technique
	Appendix 2: The Fuzzy DANP Method
	Appendix 3: The Fuzzy VIKOR Method

	References




