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ABSTRACT

The invention and use of mobile commerce (m-comejei@chnology have progressed tremendously in
recent years. In small to medium-sized enterpi(S&4Es), the decision of business-to-business (b2b)
commerce is a multi-criterion decision analysishpeon which involves both qualitative and quantiteti
factors, and its evaluation may be based on imgeeiciformation or uncertain data. Furthermore,eher
can be significant dependences or important fedagbamong different levels of criteria or alternaty
However, most conventional decision models canagtwre these complex interrelationships. In this
study, we present the use of a multi-attribute glenimodel which combined with Decision Making Tria
and Evaluation Laboratory (DEMATEL) techniqgue DANPEMATEL-based ANP) and VIKOR to
identification of core factors in the decision efsiness-to-business m-commerce in SMEs. The dacisio
network proposed in this study provides managerplamners a generalized evaluation framework for
business-to-business m-commerce technological adgamand adoptions. Findings from our multi-
criterion decision model also have important imgdiicns for developing b2b m-commerce applications i
SMEs.

Keywords: mobile commerce, small to medium-sizetergmises (SMESs), business-to-business (b2b),
decision making trial and evaluation laboratory @&TEL), DANP (DEMATEL-based ANP), VIKOR.
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1. Introduction

This study contributes in small to medium-sizecegmises (SMESs) in three ways. First, the adoptibn
business to business (b2b) mobile commerce (m-coowhés explored from a multi-faceted perspective
including technology, organization and environmdritis implies that SMEs managers should consider
these three factors before employing m-commerceor®k the current study shows the relative
importance of TOE framework in the decision to adopbile commerce. That is, administrators who are
confident with mobile devices are likely to adogblmobile commerce. Hence, managers need to think
about the basic functions and applications of b2ibile commerce technologies. Lastly, the current
findings reveal that usefulness and ease of usetafianagers’ strategy for adopting mobile commerce
Thus, to facilitate the acceptance of mobile conumethe e-business environment should be perceived
useful and easy to use. A better understandingeoptocess of b2b mobile commerce adoption wilh hel
researchers and decision makers’ work togethanpdeiment proper strategies for mobile commerce.
Most of the conventional multi-criteria decisionaiysis (MCDA) models cannot handle the analysis of
complex relationships among different hierarchieakels of criteria. Yet the decision to adopt mebil
commerce requires decision model that does just Tive purpose of the present study is to addhesset
issues; we develop a hybrid MCDM model that combiBEMATEL, DANP, and VIKOR. The hybrid
method overcome the limitations of existing decgisinodels and can be used to help us analyze the
criteria that influence b2b m-commerce issue. Irtipaar, we use Taiwan's SMEs as an example to
study the interdependence among the factors tflaencte the adoption of b2b m-commerce in the SMEs
as well as evaluate alternative adoption procesashieve the aspired levels of performance fr@m b
m-commerce.

2. Methodology

This Section comprises four parts: the first paspnts the DEMATEL technique for building an
influential network relationship; the second padlcalates the influential weights using DANP
(DEMATEL-based ANP); the third, the last part uUs#KOR to evaluate total accreditation performance;
finally, describes the data collection.

2.1 DEMATEL for establishing an influential network relationship

DEMATEL is mainly used to solve complex problemsctarify their essential nature. DEMATEL uses
matrix and related mathematical theories (Booleaeration) to calculate the cause and effect
relationships involved in each element. This teghaiis widely used to solve various complex stydies
and particularly to understand complex problemcstmes and provide viable problem-solving methods
(Tzeng et al., 2007). DEMATEL is based on the cpha# influential relationship map, which can
distinguish the direct/indirect influential relatiship of the criteria; allowing decision-makersdentify

the key criterion for developing strategies for mpng b2b m-commerce in SMEs of this study (see th
appendix).

2.2 Find theinfluential weights using the DANP

This study not only uses the DEMATEL technique tmferm the interactive relationship among the
various dimensions/criteria, but also seeks thetrmosurate influential weights. This study founatth
ANP can serve this purpose. This study used thie lbascept of ANP (Saaty, 1996), which eliminates
the limitations of Analytic Hierarchy Process (AHBh is applied to solve nonlinear and complex
network relations (Saaty, 1996). ANP is intendedsdtve interdependence and feedback problems of
criteria. This study thus applies the charactesstf influential weights ANP and combines themhwit
DEMATEL (call DANP, DEMATEL-based ANP) to solve tbe kind of problems based on the basic
concept of ANP. This approach yields more practieallts (see the appendix).
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2.3 Evaluating competitiveness gapsusing VIKOR

Opricovic and Tzeng (2004) proposed the compromgiaking method (VIKOR) as a suitable technique
for implementation within MCDM (Tzeng et al., 200Bpricovic and Tzeng, 2004; Opricovic and Tzeng,
2007; Liu and Tzeng, 2012). VIKOR uses the clastadice function (Yu, 1973) based on the concept of
the positive-ideal (or we adopt the Aspiration Igwslution and Negative-ideal (or we adopt the ®Btor
level) solution and puts the results in order. Rormalized class distance function it is bettebéonear
the positive-ideal point (the aspiration level) gad from the negative-ideal point (the worst valéer
normalized class distance function (see the apggndi

2.4 Data Collection

Table 1 descripts the framework of dimensions ariter@a. And the data was collected from 30
knowledge experts who understand mobile commeereltand usage in SEMs (in consensus, significant
confidence is 99.918%, more than 95%; i.e., gaprer0.082%, smaller less 5%). Most of the education
experts have teaches more than ten years in higlueation. Expert perspectives on all criteria inithe
criteria were collected via personal interviews @anduestionnaire. Expert elicitation was condudted
Jan., 2013, and it took 60 to70 minutes for eatlestito complete a survey.

Table 1: Framework of dimensions and criteria

Dimensions Criteria
D; Technology contex C, Technology redines:
C, Technology integratic
C; Technology competen
D, Organization conte) C, Top management emphe
Cs Employees IS knowledg
Cs Firm size
Ds; Environment conte» C; Competitive pressu
Cg Partner suppc
Cy Regulatory envonmen

3. Empirical study for b2b m-commercein SMEsissue

In this section, an empirical study is displayedilligstrate the application of the proposed modael f
evaluating and selecting the best method that edm decision makers to understand how to improve
their evaluations of b2b m-commerce issue.

3.1 Analysis of Result

In this paper, we confirmed DEMATEL decision-makistigucture, and analyzed from three dimensions
with 9 criteria of the TOE framework perspective lo2b mobile commerce. According to the expert
guestionnaires, we obtain the total influence matrof dimensions and criteria shown in Table 2 to
Table 3. We find the cognition and opinion from exp in three dimensions, and the relationship
between the extents of the impact can also be fedhich is compared to other dimensions as show in
Table 2.

Table 2: Total influential matrix of and the sum of the effects on the dimensions

Dimension D, D, D, d; s d+s d-s
Technology conte: 0.404 0.372 0.376 1.152 1.264 2416 -0.112
Organization conte  0.472 0.379 0.406 1.257 1.095 2.352 0.162
Environment conte: 0.389 0.344 0.325 1.058 1.108 2.166 -0.050
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According to the total influence promineride+ 5), “technology contex,)” has the highest influence
of the strength of relationship that means the mgiortant influencing dimensions; in addition,
“environment contexD,) ” is all the factors that affect the least degréetber dimensions. According to
the influence relationshig, -5), we can also find “organization cont¢®t)” is the highest degree of
influence relationship that affects other dimensidirectly. Otherwise, “technology conté¢®t)” is the

most vulnerable to influence that compare with otlimensions. According to Table 3, we can obt#in a
the criteria of the impact of relations with eachierion. And then, from Table 4 shows the relasiaip
between the extents of the direct or indirect iefices and compares them with other criteria. “Top
management emphag,) ” is the most important considerations criteria; addition, “competitive

pressuréC,)” is the influence of all criteria in the least deg of other criteria. Furthermore, we can also
find in Table 4 that shows “competitive presg@g” is the highest degree of influence relationshigli
the criteria. And, technology readine¢€,)”, is the most vulnerable to impact of criteriattbeampare with

other criteria.

We use DEMATEL to confirm the influence relationshiith the criteria, and expect to obtain the most
accurate influence weights. The purpose of DAN#® isolve the interdependence and feedback problems
of each criterion (Saaty, 1996). Therefore, wecstme the quality assessment model by DEMATEL
which combination with DANP model to obtain thelugtial weight of each criterion as show in Table
4.

Table 3: The sum of influences, weights and rarkiofgeach criterion

Dimensions/Criteria d S d+s d-s
D1 Technology context
Ci: Technology readiness 1.175 1.278 2.454 -0.104
C, Technology integration 1.298 1.213 2.511 0.085
Cs Technology competence 1.160 1.142 2.302 0.019
D,  Organization context
C, Top management emphasis 1.315 08.3 2.623 0.007
Cs Employees’ IS knowledge 1.133 1.104 2.237 0.030
Ce¢ Firm size 0.961 0.998 1.959 -0.037
D;  Environment context
C; Competitive pressure 1.080 2.081 -0.079 1.080
Cs Partner support 0.972 1.992 0.049 0.972
Cy  Regulatory environment 0.875 1.781 0.030 0.875

In addition, we can find the critical criteria itM&s of b2b mobile commerce adoption are identifisd
technology readineg€,) , technology integratio{C,) andtop management emphag). Furthermore, the
influence weights combine with the DEMATEL technigio assess the priority of problem-solving based
on the gaps identified by VIKOR method and theuefice network relationship map.

An empirical study involving b2b m-commerce adoptia SMEs is used to evaluate and improve the
total accreditation gaps using the VIKOR method]isted in Table 4. Decision makers can identify
problem-solving issues according to this integratedx, either from the perspective of the critextaa
whole or from that of an individual dimension.

Using the overall/dimension criteria, the gap valuman be determined by the priority sequence
improvement for reaching the desired level. In b2lsommerce adoptiormployees’ IS knowledd€,) ,

with a higher gap value of 0.366, are the firstecion to be improved.
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Improvement priority can also be applied to thévitiial dimension. In the technology contéRyf), for
instance, the priority gap values are ordered a®we: technology competeng€,) , technology
integration(C,) , technology readineg€,) . In the perceived organization conté®f), the priority gap
values are ordered as followsnployees’ IS knowledd€,) , Top management emphagig,), management
emphasigC,) . In the environment contefd,) , the improvement priorities can be sequenced l&sns:
partner suppor{C;) , regulatory environmen(C,), competitive pressuréC,). Using the gap values provided

by the panel experts above, improvement priorityestes are unique and comprehensive, both from the
separate dimensions and from the overall pointéeaf, as shown in Table 4.

For decision makers, understanding improvementigige of b2b m-commerce adoption for client must
be easier to understand than the gaps in SMEs.

Table 4 The gap evaluation of b2b mobile commeyc¥IKOR

Dimensiong/ Criteria Local Weight G|0ba|(VDV§'32t} B2b-commerce galf,)
D, Technology context 0.364(1) 0.194
C, Technology readiness 0.350 0.127 0.113
C, Technology integration 0.338 0.123 0.213
Cs  Technology competence 0.313 0.114 0.266
D, Organization context 0.317(3) 0.292
C, Top management emphasis 0.381 0.121 0.228
Cs Employees’ IS knowledge 0.330 0.105 0.366
Cs Firmsize 0.289 0.091 0.294
D3 Environment context 0.319(2) 0.295
C; Competitive pressure 0.366 0.117 0.266
Cs Partner support 0.335 0.107 0.338
Cy  Regulatory environment 0.299 0.096 0.284
SA; Total gaps 0.258

3.2 Discussions and implications

The empirical results are discussed as followsstFaccording to the DEMATEL model, we could
recognize the interrelationship of each dimensiod eriterion the influential relationship networkam
for each dimension and criterion (as Fig. 1 shows)ig. 1, the organization cont€gt,) is affecting

other dimensions- environment contgkt) , and, technology contexD,) ; visibly organization
context(D,) plays an important role and it has the highest iatehsity influence in its relationship to
other dimensions. Thus, SMEs leader should firprave it, then, followed by environment contéxy) ,
technology contexD,) for evaluating and improving the b2b m-commeroepgidn in SMEs.

Second, after analyzing the dimensions, we wollgstilate the considered-criteria in each dimension.
According to the results, we illustrate the influerrelationship-digraph-map of criteria in Fig.Hence,

for the influence relationship of these criteria,the technology contef®,) : technology integratior{C,)

was the most influence criterion and should be owed first, followed by technology competeiicg

and technology readines&C,) (see Fig. 1 for more details on the causal reiatip inD,, D,,and D,).
Each of the evaluation dimensions and criteria tesedhe necessary behaviors for inducing b2b m-
commerce adoption in SMEs. Therefore, SMEs leadeuld evaluate all of the dimensions and criteria
for the b2b m-commerce in accordance with Fig. HisBvaluation method can be used in most of the
SMEs. However, SMEs leader should keep in mind, twaen applying this model, some differences
exist. The level of importance for the 9 criteriayrary according to the particulars of each compan
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and the SMEs leader should compare the evaluatethads for each b2b m-commerce model before
making deciding upon the optimal using adoptionhodt
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Figure 1: The influential network relationship mafeach dimension and criterion

Finally, the overall gap values (i.e., the distarice0) showed in Table 4 that indicate room for
improvement is 0.258 for b2b m-commerce adoptian.tHe TOE perspective, the environment
context(D,) , featuring the largest gap value of 0.295, whicbutd be the first priority for improvement

if decision makers wish to achieve the desiredllever long-term improvement, the decision makers
should manage internal motivation carefully, as tiomed above. Given these empirical findings, our
results, as holistically formulated in Table 5fifuthe purpose of this research. Evaluating ttab -
commerce adoption model provided by this study eatend to most SMEs using b2b m-commerce
adoption decision. However, SMEs administratorsukhdye cautious when applying this model. The
importance of the 9 criteria may vary accordinghe situation, and administrators should compage th
b2b m-commerce adoption and define the gap befaféng decision on optimal technology use.

Table 5: Sequence of improvement priority for b2lcommerce adoption

Formula Sequence of improvement priority
F1: Influential network of dimensior (D,).(D,), (D))
F2: Influential network of critria within (D):(C)),(Cy).(C)
individual dimensions (D,): (C,).(C,).(Cy)

(D3): (Gy).(Cy) . (Cr)
F3:Sequence of dimension to rise
aspired/desired level (by gap value, from (D;),(D,).(D,)
high to low)
F4:Sequence of criteria to rise (D): (Cy).(C).(C)
aspired/desired level within individual (D,): (C).(Cy).(Cy)
dimension (by gap value, from high to IOW)(D3): () .(C,).(C)
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4. Conclusion

Mobile commerce has an important role in the SMIEs.decisions are complicated by the fact that
various criteria are uncertainty and may vary atthe different product categories and use sitostio
Based on the export and literature review, we dgad the three dimensions and 9 criteria that align
with the b2b mobile commerce of environment. Scapplied the methodology of hybrid MCDM model
combining DANP with VIKOR in empirical case. The imaeason is among the numerous approaches
that are available for conflict management, hytMi@DM is one of the most prevalent. VIKOR is a
method within MCDM; it is based on an aggregatingction representing closeness to the ideal
(aspiration level), which can be viewed as a déisiesof compromise programming for avoiding “choose
the best among inferior alternatives (i.e., pick thest apple among a barrel of rotten apples)a In
decision-making process, we used the global aral l@eights into alternatives performance, sucthast t

in Table 5, to allow firm's leader to evaluate thzb mobile commerce factor. We haven't only setecte
the best factor, but also found how to improve tfaps to achieve the aspiration level in mobile
commerce service performances.
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APPENDIX: AHYBRID MCDM MODEL COMBINED WITH DEMATEL, DANP, AND VIKOR

DEMATEL is used to build the influential relationphmatrix for dimensions/criteria to measure the
cause and effect on each element. The DEMATEL fgclencontains three steps.

Step 1: Find the average influence matrix

The first step is to calculate initial matrix, ugipair of degree of interaction/interrelationshipabtain
directly influence matrixz =[z],.,, where represents the degree of effect fator effectsj factor (Lin

& Tzeng, 2009; Cheet al., 2010).
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K
2= (8]0 =3 2L 2 (1)
k=1
Step 2: Calculate the normalized influence matox
When the elements ofhave a direct effect on the elementsjofthen , otherwise . The second step is to
normalize the matrix. It can be obtained from E).gnd (3). Its diagonal is 0, and maximum surmoef r
or column is 1.
D=sZ 2

s=min ! ,ij=12,...n 3)

. 1

T x>l | maxy b |
Step 3: Compute the total influence matrix
The total-influence matrix can be obtained through Eq. (4), in whictdenotes the identity matrix.
T=A+A%+...+A"= A(l - A" whenlim,__ A" =[0] ., 4)

To sum of each row and column of the total effeettrim T =[t,]. It will obtain the sum of all rows

(vector  d=[d]yq =[]t |

=(dy...d;,...d,) ) and the sum of all columns (vector

nx1

$=[5]n :[Zi"zltij } =(Sp-. ), ) ). If d, represents the sum of all rows of the total-infeematrixT ,

Ixn

meaning directly or/and indirectly affects to otteegiteria; s, represents the sum of all columns of the
total-influence matrixr , meaning is affected by other critertarepresents the factor which will affect
other factors,s; represents the factor that is affected by othetofac According to the definition,
d, +s; presents the degree of relationship between therfaaneaning “prominence’ -s; presents the

degree of effect and effected for the factors, nmepirelation” (Tzenget al., 2007).

DANP isdivided into following steps:

Step 1: Develop the structure of the question

The questions are clearly described then break ttwmm to level structure.

Step 2: Develop Unweighted Supermatrix

Firstly, each level with total degree of effectttbhtains from the total-influence matrixof DEMATEL
as shown in Eq. (5).

. Cim

D, D, D,
b o cll-clml le- iji Cna1 Cnmr|
SN W 1j 7
0512 -I-c Tc Tc
: Czlmi . . .
o | :
To=o% |T® o T .. TP (5)

Cot : : :
Dncinz _Tcnl Tnj Tcnn_

c c

nmy,

Normalize T, with total-influence will be obtainexrf that shows in Eq. (6).

DY D; Dy
b G - 1. Cmy Cj3.Cim; cnl_cnmn_
all alj aln
G [Te o To . T
oamo : :
C’il . . .
-I—Ca - D, c:I2 T ail . T aij . Tcain (6)
c c

L
C‘nl . . .
c .

D, C;nz _Tcanl . Tcanj . Tcann |

nmy,

Normalize T will be obtained by Egs. (7) and (8), accordinghi® same fashion will be obtaingd™.
dt=)thi=12,.m (7
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M4 115 411 11 411 14117 |t L e o1
tcllldl tclj fdy - tclrm/dl o1l 1 m
o1l _| 411410 411y g11 Wygu | _|gair all a1l
T =ty /d; ti/d tm Id™ | =]t te tn (8)
11 411 11§ 411 11 1
“ee “ee 11 11 11
_tcm1 /dml tcmlJ /dml tcmlm1 /dml_ G o t:mm

And then, total-influence matrix is normalized ir@apermatrix according to the group in relying
relationship to obtain Unweighted Supermatrix asssm Eq. (9).

D, D; D,
D, C1 GGy o G1Gmp 0 CnaComg
2 WH Wit Wt
: C:lml . . .
ou : : :
W:(Tca)r: JCEJZ le le an (9)
Cim . .

i : : :
. .l : :
Dnc?z W o Wi W

Comp

In addition, we will be obtained matrix**andw*2by Eqg. (10). If blank or 0 shown in the matrix mean
the group or criteria is independent, accordintheosame fashion will be obtained matwx".

Step 3: Obtain Weight Supermatrix

Let each dimension of total-influence matrjxas (11) be normalized with total degree of infeeeto
obtainTZ, the result as Eqg. (12).

d =14, i=12,..n andty’ =t} /d;, i=1,2,..n

[t ... ¥ ... b

T,= t‘Dl t::j t:: (11)
o e
[td, et dy e tRd ] [T e T R ]

Ty =|thd - th/d - th/d =t et g (12)
t"/d, - tV/d, - t"/d, [ S o

Then, drive the normalizeg into Unweight Supermatriw to obtain Weight Supermatriw*, the
result as shown in Eq. (13).

tgllxwll tgilxwil tgnlanl
W =TEW ={ 128 xWY oo @ xWH e 7 x W (13)
tgln len tgin xWin tgnn ><W nn

Step 4: Obtain limit supermatrix
According to the weighted spuermatnx¢ , it multiplies by itself multiple times to obtaitimit
supermatrix. Then, the ANP weights of each criterican be obtained bym, .(w?)°, where

g represents any number for power.
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VIKOR can bedivided into follow steps:

Step 1. Check the best valug and the worse valug

There ] represents the positive-ideal point, that meansettgert gives the scores of the best value
(aspired levels) in each criterion amgdrepresents the negative-ideal point, that meanxpert gives
the scores of the worst values in each criterioa.use Egs. (14) and (15) to obtain the results.

f = maxfg ,j = 1.2,.., (traditional approach)

or setting the aspired levels, vectoe (f;, f;,-,f.) (14)

f = mkin fi.i=12,..n (traditional approach)

or setting the worst values, vectér = (f,", f, ,---,f.) (15)
Step 2: Calculate the mean of group utility and maximaretg, .

There s, represents the ratios of distance to the positieali it means the synthesized gap for all criteria
w; represents the influential weights of the critefiam DANP; r, represents the average gap-ratios

(regret) of normalized distance to the aspiredllpeét, and represents the maximal gap-ratiosrét@ @f
normalized distance to the aspired level in altecid, it means the maximal gap in criteria foropri
improvement. Those values can be computed respicby Egs. (16) and (17).

=g = Ji:le fy = Ji:le (I - tal)/(15 - 17) (16)
L™ =Q, = mjax{r,q. lj = 1,2,...r,1} a7

Step 3: Obtain the comprehensive indicatgrand sorting results. The values can be computed
respectively by Eq. (18).

R = v(s-8)/(s -8 )+(t-v)(@-Q)/[Q -d) (18)
Those values derived fromi =min, s, Or settings' =o (the aspired level)s™ =max, s Or settings =1 (the
worst situation);Q” = min, @, Or settingqQ” =o (the aspired level), ang™ =max, Q, Or settingqg =1 (the worst
situation). Therefore, whers’'=0 and s =1, Q=0 and @ =1 we can re-write the Eq.(18) as
R =VS +(1-v)Q, . Weightv=1represents only to be consider the average gapa@weegret) weight and

weight v=orepresents only to be consider the max gap to m pnprovement. It can provide the
decision-makers by experts. Generalho.s (the majority of criteria), it could be adjustegip@nds on the
situation.
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