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ABSTRACT KEYWORDS
The research introduces the multiple criteria decision making (MCDM) RFID assessment criteria;
method. Through domestic and international literature review and the Multi-criteriadecision making
employment of Modified Delphi Method (MDM) and Analysisof Hierarchy method,;
Process (AHP), the study constructed the “Choice model of business Modified del phi method;
adopting RFID”. The model construction employed “Literature Review Analysis of hierarchy process.

Method” to analyze the study results of related scholars and summarized
the assessing model that is suitable for business to adopt information
system. MDM isthen employed to select the assessment criteriawith high
degree of consensus under professional consideration according to “expert
questionnaire”, and the multi-criteria decision-making tool-AHP is
employed for professional assessment. At the sametime, theinconsistency
of experts’ opinions are reviewed and amended, and finally, the relative
weight of various assessment criteria with advantage is obtained. Taiwan
Sugar Corporation (TSC) is the empirical study case of the study, the
Optimal Division among the 8 divisions, Hypermarket Business Division,
Marketing Business Division, Animal Industry Business Division,
Agriculture Business Division, Biotechnology Business Division, Sugar
Business Division, Petroleum Business Division and Leisure Business
Division for TSC to adopt RFID isanalyzed and explored. The empirical
result shows: (1). 5 dimensionsand 21 assessment criteriawhich are suitable
for businessto adopt RFI D and use as business decision-making reference.
(2). “Hypermarket Business Division” should be the priority introduction
choicefor TSC to adopt RFID technology.

© 2013 Trade SciencelInc. - INDIA

INTRODUCTION fiercemarket competition and challenge, business op-

erdtion srategy must makeimmedi ate adjusmentsaong

Alongwiththerapid changeof technology, thedis-  withthemarket pulse, because of this, new technology
seminaionof informationthroughinternetisfaster, which  and application toolsmust be more positively assessed
has also changed the past lifestyle. To meet withthe and adopted to speed up the process and analyzethe
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related datato further improve operationd performance

and decison-making quality.

The development of RFID technology wasearly.
Currently, thistechnol ogy hasbeen employedin many
areas, such as Taiwan MRT EASY CARD, Taiwan
Highway ETC pre-paid card, the vehicleidentity, the
automation of manufacturingindustry and distribution
industry, pet chips, accesscontral, library management,
and medicinemanagement. Therefore, for business, due
to beinginvolved with the regeneration of businesspro-
cessand theintegration of back-end information sys-
tem, the assessment of RFID introductionisacritica
work. The study wishesto construct aset of thorough
and appropriate model for businessto adopt RFID in
decision-making and procedure, and further adopt the
RFID applicationfied that meetsbusinessdemand the
most in themost gppropriate timewith the most benefi-
cia cost.

Thisstudy goesthrough RFID study reportsand
journa articlesto anayze and summarizethe current
situation of domestic and internationd literaturesthat
employed RFID, and wishesto construct aset of se-
| ection assessment for businessadopting RFID.

Inempirica study, dueto TSC hascut acrossmany
differentindustries, and hasan extensveproductionline,
the study then analyzestheimpact of users’ RFID ap-
plication attitude, intention and behavior focusingonthe
8divisonsof TSC, and further exploresthefeasibility
of adopting RFID systemto TSC. Theoptima divison
for adopting RFID systemis selected and used asthe
decis on-making referencefor businessadopting RFID.

To sumup, thestudy purposeisasfollows:

1) Proposethe assessment dimensionsand criteria
which aresuitablefor businessto adopt RFID and
useasbusinessdecision-making reference.

2) Proposetheassessment dimension and criteriaim-
portance priority which aresuitablefor businessto
adopt RFID and use as bus ness executives deci-
son-making reference.

3) EvidentlyemployMDM andAHPinadoptingRFID
to TSC’soptimal selection of the8divisions.

Literaturereview
Thedevelopment and application of RFID

In recent years, many companies have gradually
invested in passivetag and reader system R& D, and

RFID hasthe cost advantage, thereforeit hasreplaced
thetraditional barcode-typetag and becamethe new
favorite,

RFID isatag that isembedded with achip which
can send radiowaves; itismainly formed by Tag and
ReaderOMiddleware System. RFID systemisatech-
nology which canread or collect datawithout any con-
tact, and do not need to aim on the Bar Code (non-
line-of-sight). Along with RFID technol ogy continues
to mature and progress, it hasbeen gradual ly and ex-
tensvely employed by thebusi nessindustry in different
fidds, asshowninFigure.1.1%2

Enterprise Systam With RFID

Figurel: RFID system ar chitecture
Assessment criteria

It isnecessary to includefactorsof product func-
tionsand technica termsand thoserel evant to provid-
erswith relation to assessment and sel ection of an ad-
equate ERP system. Regarding said criteria, avariety
of itemsare stated, e.g. Scholar H. K. Wangand C. L.
Hung,® C. L. Chui and K. C. Chia/®Y. T. Chenand
S. C. Lung (2006),® W. P. Lo, S. Y. Linand Y. C.
Liu,®'W. L. ChouandA. G Jiang,? Y. S. Suand C.
C. Jen (2007),9 etc.

In the selection of comprehensive assessment cri-
teriafor businessto adopt information technol ogy by
Scholar Z. Y. WU® ashasisand divided thevariousRFID
decision-making model assessment criteriainto 5ma:
jor dimensionsaccording to their attributes, and sum-
marizedto atotd of 38 assessment criteriaasthestudy’s
assessment indicators, asshownin TABLE 1.

TSC history and development
Cane sugar isan important native product of Tai-
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TABLE 1: RFID assessment criteria

M ajor _—
. : Assessment criteria
dimensions

Perceived usefulness, perceived ease of
use, attitude of use, willingness of use,

Technology I
actual use, technology compatibility,

acceptance

technology perfection, and technology

advantage.

Equipment and construction cost, labor

cost, equipment maintenance cost,

employee training cost, inspection and
Cost economy )

control cost, inventory cost, technology

update cost, and production capacity

utilization rate.

Collaboration between employees,

company and employee relationship,

full support from high-level personnel,
Human executive and managing ability of the
resource team in charge, employee morale and
loyalty, benchmarking, and establishing
industry technical personnel
information.
Customer education service,
decision-making ability to grasp market
trend, customer satisfaction
management, customer order planning,
innovation compatibility, technology

effectiveness, customer focus, customer

Customer and
market
oriented

communication, and long-term
relationship.

Information transmission management,
organizational operation, production
risk control, transportation and
warehousing management, perceived

Process
management

risk, and supplier quality management.

wan. TSC hasamorethan 300 yearshistory. Thehigh-
est record of cane acreage beforetheinaugurationin
the period of Taiwan under Japaneserulewas 162,000
hectares, and the sugar production was 1,420,000 tons.
There were 46 sugar factories, the cane acreage has
oncereached 120,000 hectares, sugar production has
reached 1 milliontons, and thehighest foreign exchange

earningshasoncereached US$ 135 million. For acon-
secutive 17 years, sugar was Taiwan’s|eading export
commodity and accounted for 79 percent of thenation’s
total foreign exchange earningsat its peak, therefore,
sugar and ricewerethemagjor economic pillars.

InTaiwan’seconomic development, Annualy TSC
manufactured sugar and by-productsworth hundreds
of millions of U.S. dollars, and paid aconsiderable
amount of taxesand, inturn, promoted the moderniza-
tion of Taiwan’sagriculture. TSC hascontributed alot
to Tawan’sagriculturd economy by effectively utilizing
land resources and providing many job opportunities
tothefarmers. In production technology, TSC hasfirst
innovatively adopted new technologies, such aswell-
digging, satimprovement, soil and water conservation,
mechanical farming, enterprisepig farming, the appli-
cation of herbicide and compound fertilizer, and agri-
cultural co-operation. Originally, TSC only focused on
sugar industry, in recent year, TSC has been actively
diversfying itsbusi nesses, and compl eted the construc-
tion of the8 mgor busnessdivisons, hypermarket busi-
nessdivision, marketing businessdivision, animal in-
dustry businessdivision, agriculture businessdivision,
biotechnology businessdivison, sugar businessdivison,
petroleum businessdivisonand leisurebusinessdivi-
sionin 2004.19

RESEARCH METHODS

Inthisresearch, the RFID Assessment Criteriaisa
multiplecriteriadecisonmaking (MCDM) problemand
hasastrategicimportancefor many commercia com-
panies. In practica environments, theevaluatorsfacea
variety of adopting RFID technology servicethat isof-
ten vaguefrom human beings’ subjective judgments.
These problemsmay not be properly evaluated by the
conventional models. In order to overcomethesitua
tion of uncertainty among theevaluated criteriainreal
problem, inthis study, thetwo MCDM methods (i.e.,
modified Del phi method, MDM and analytic hierarchy
process, AHP) are utilized to derivethefina appraisa
valuesfrom which one can choosethe best option and
determinethe preferred order according to theseval-
ues.

The study goesthrough literature review and ex-
ploration, and has summarized therel ated assessment
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factors. Thegroup of scholarsand experts employed
the“modified Del phi assessment mode” to processthe
first stage selection of assessment factors, itishopedto
proposethesuitableassessment criteriafor businessto
adopt RFID and provideasreferencefor businessde-
cision-making. The second state expert questionnaire
survey isto employ “AHP analysismodel” for andyz-
ingtheweight level of theassessment factors, obtaining
thewelght of the assessment factors, providing thede-
cision-maker aset of objective and with quantitative
dataanalysisdecision-making reference, and further
applyingAHPtothe adoption of RFID inbusinessas-
sessment program, and processing the optimal deci-
son-making.

M odified delphi method (MDM)

Murry and Hammons (1995)*4 proposed a
method to modify traditional Del phi method, whichis
called the“modified Delphi method”. The“modified
Déelphi method” retainsthe spirit and advantage of the
De phi method, and appropriatdy s mplify the compli-
cated questionnaire process (which is to omit the
opened questionnaireimplementation) accordingto a
largeamount of related literature data, after the pretest
maodifications, structurd questionnaireor expertsinter-
view isdeveloped to replacethefirst stageinvestiga-
tiontool .4

Thestudy hasapplied MDM to processthe Delphi
method questionnaireimplementation, and thecalcula:
tion method isdescribed asfollows:

If inthet-th Delphi method survey result, the score of

theh-thexpert gavetothej-thitemisshownas X ;,;

then the mean and SD of the score of the r-th expert
gavetothej-thiteminthet-th survey will berespec-

tively shownas x , andS;:

X=X it (1)
1 J — \2
Sjt:\/l’—l;(xjh_ tht) it @)

The Coefficient of Variation (CV) can beemployed
asthe criteriato evaluate whether or not the expert
determination hasreach aconsensus. Therefore, the

CV of thet-th survey onthej-thitemisshownas CV , :

Si
CVv ,-FY—’VH €)

WhensmadlertheCV |, thesmdler varianceof eech
average scoreis, whichistheopinionsof r expertsare
moreconsistent. Asthemeasuring scaleis[0, §], inthis
scale, the greater )(71I the score, thesmallerthe CV

is, andthesmaller X , thescore, thegreaterthe CV

is. Therefore theimpact of scale sizemust be elimi-
nated. Thegreatest average scoreisemployed for ad-
justment, and thefollowing consensus deviation index
(CDI) isdefined:

DC,=1-CcDl .vit 4)
Thesmadler the CDI, the higher theexperts’ Degree of
Consensus (DC) is. Therefore, DC can bedefined as
follows

X
max X ©

When the scores of r experts are all the
same,cpi,=0, pc,=1, then it refers to having 100%
consensus. It is not easy to reach 100% consensus,
therefore, the planning unit can preset thethreshold & of
consensus deviation, such as=0.1 or €=0.05, and as
long as cpi, issmaller than g, thenit referstothet-th
survey hasreached consensus. For the Del phi method
survey, it a so used variance or quartile asthe conver-
gencecriteria thesmdler the Quartile Deviation (QD).2

Vit

CDIl,=CV,

Analytic hierarchy process(AHP)

The purpose of AHPdevel opment isto systemize
complicated problems, thehierarchy isdivided from
different perspectives, the context isfoundthrough quan-
titative determination, then evaluated to providethe de-
cison-maker to select thesufficient information of suit-
ableplan, and at sametimelower therisk of decision-
meaking errors. Theagpplicaionisdividedinto two parts,
the establishment of hierarchy, and the assessment of
hierarchy.

Establishment of hierarchy

Thehierarchy of AHPisasshowninFigure2.%4 In
theFigure, A referstothegod that wantsto bereached,
B referstothe subject, and Cisthe assessment criteria
toformthehierarchy of thedecided project. Hierarchy
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amount isset according to question andysis. However,
there should not betoo many factorsinahierarchy, as
arule, it should not be morethan 7-9 factors.

s The firsthierarchy
(Goals)
~ The second hierarchy
{Subject)

5¢| The third hierarchy
(Guidelines)

The fourth hierarchy
Figure2: AHPhierarchy diagram

Assessment of hierarchy

AHPisto giveacomplicated problem to experts
and scholarsto assessthe d ements, and then shownin
simplehierarchy. Use scal e assessment for pair com-
parison and establishthematrix, obtain the elgenvec-
tors, then comparethe priority of hierarchy element,
and ingpect the consistency of pair comparison matrix.
If the cons stency ismet, then thepriority valuerepre-
sented by the eilgenvector then can be used asrefer-
encefor eva uating thedecis on-making.

Inthe consistency test, Saaty’s (1980)1*° recom-
mendationisfollowed, Cons stency Index (consistency
index, C.I.) and Consistency Ratio (consistency ratio,
C.R.) areused for thetesting, and therel ative wei ght
between each element iscal cul ated, which arerespec-
tively described asfollows:

1) C.l.isthedifference between the biggest eigen-
value (Amax) and order (n), which canbeused as
the assessment criteriato determine consistency
level. Theca culation methodisC.l. = (Amax-n)/n-
1, thesmaller the C.1., thehigher thecons stency is,
if C.I.=0.1, thenit refersto the pair comparison
matrix hassatisfying cond stency.

2) C.R.referstothesizeof C.1. will beimpacted by
thematrix order and rating scale, whichisC.R.=
C.I./R.l.,R.I.(randomindex, R.I.). R.l.israndom
index; itisrandomly created by the Positive Recip-
rocal Matrix. R.l. valuewill begreater along with
theincreasing matrix order, if C.R.=0.1, thenitre-
ferstotherating of the pair comparison isaccept-

BioTechnology —

able. Each order comparison item amount n and
therdativeR.l. valueareshownasTABLE 2.1%%

TABLE 2: Comparisonitemamount n and therelativeR.I.
valueinAHP

o L 2 3 o4& 5 8 F & 9 A1l iz 13K IS
R.I 00 0.0 0.580901.121.24 132 1.41 145149 1.51 1.48 1.56 1.57 1.39

After passing the consistency test, obtain by multi-
plying thewe ghtsof each hierarchy, and then ca culate
thepriority of each plan. Thebigger thevaue, thehigher
priority of being adopted is. To understand theimpor-
tanceorder of variousevaluaion dimensionsand crite-
ria, and allow the study result to have more empirical
value, the study adopted AHPto obtain the priority of
each plan.

EMPIRICAL RESULT ANALYSIS

Result analysis of MDM

5 assessment dimension and 38 assessment criteria
are summarized to design the questionnaire according
tothepreviousliteratures. The questionnaireresponse
dataapplied quantitative datato present experts’ opin-
ion, and applied semi-opened questionnaireand Likert
Scdeastheindicatorsto present experts’ opinion, and
obtai n the modification and consi stent agreement of
adopting RFID in TSC eva uation dimension and crite-
ria

Thequestionnairewasimplemented between March
and May 2010, and all questionnaires have been re-
covered, theimplementation frequency of questionnaire
should depend on whether the experts’ opinionshave
reached aconsensus. Thereareatotal of 50 question-
nairesissued, and 42 effective questionnaireshavebeen
recovered, the effectiveresponserateis 83%.

After thequestionnaireisrecovered, consensustest
must be processed to determinewhether experts’ opin-
ionsare consistent, the study applied QD asthe stan-
dard of consensustest. According to the standard set
by scholar Young, I-Chen and Chou, Chien,*9 if the
QDvdue
1) Issmalerorequal to 0.60, thenit refersto theex-

perts’ opinion has reached a high-degree of con-

sensus.
2) Falsinbetween 0.60 and 1.00 or equal to 1.00,
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thenit refersto the experts’ opinion hasshown a

moderate consensus.

3) Ishbigger than 1.00, then it refers to the experts
have not reached aconsensusfor the question, so
theindex should bemodified.

Finally, after theentire questionnaire haspassed a
consensustest, Scholar Mead, DonnaM.[*" thinksif
there are more than 80% experts have the same opin-
ion, itisregarded asthe experts have reached acon-
sensusontheoverall questionnaireopinion, whichis
the assessment hierarchy we needed.

Thequestionnaireresult retainsthat theexpertshave
al reached amoderate or high-degreeconsensus, which
meetsthe standard proposed by Scholar Mead, Donna
M., soit has established the assessment hierarchy of
“adopting RFID inenterprise”, 5 assessment dimen-
sonand 21 assessment criteriaasshownin TABLE 3.

TABLE 3: Delphi method questionnair e consensusdegr ee

Delphi method questionnaire consensus degree

Hierarchy . The consensus Overall
. . . _— Quartile i .
Evaluate dimension critevia deviition degree of questionnaire
experts om each consistency test
Technology acceptance 0350 High-degrees
. Cost evononty 075 Moderae
5 B =
B e Human resousce 075 Modenate
Customer and market oriented 050 High-deprees
Process management 0.50 Hiph-deprees
Perceived usefulness 050 High-deprees
i Perceived ease of use 025 High-degrees
echnology  —— s = 5 =
3 acceptance Artitude of use 050  High-deprees
Willmgness of use 075 Moderate
Acmal use 075 Moderate
Equipment and constmetion cost 050 High-degrees
% Cost Labor cost 050  High-deprees 84%,
T economy Equipment mamtenance cost 000 High-dagrees
Employee traming cost 025 High-degrees
Callabaration between employees 000 High-degrees
Hisii Company and employes elationship 025 High-deerees
3 eSOt Full support from high-level personnel 0.00  High-dapreec
Executive and managing ability of the _ - 2
team in charge 050 High-degrees
Customer education service 050 High-degrees
Customer znd Decision-making ability to grasp i o
3 m:.\:hﬂ market trend 050 High-degrees
oneated Customer satisfaction management 050 High-daprees
Customer order planning 050 High-deprees

Result analysisof AHP

The study designsAHP expert questionnaire ac-
cording the TABLE 3. The evauation hierarchy of
“adopting RFID inbusiness’. Thepurposeistoinves-
tigatetheredativeweight of expertsonthe“selection of
adopting AHPintheadoption of RFID to TSC divison
plan”.

Thequestionnairedesign mainly basesontheAHP
proposed by TomasL.Saaty °, it employsthepair com-
parison method, andtherating scaleisdivided intofive

————, FyurL PAPER

levels (9 scales), which areequal important, slightly
important, important, relatively important, and abso-
lutely important, they arerespectively giventhe mea-
surement valueof 1, 3,5, 7, and 9. Themailing and
response of the questionnaire employsemail or per-
sond ddivery withtheagreement of dl interviewed ex-
perts. Thereare 102 questionnairesissued, and 89 ef -
fective samplesare obtained, the effectiveresponserate
1S87%. All the questionnaireswererecovered between
Juneto July 2010.

The study applied “Expert Choice 2000 decision-
making support softwareto calculate the weight be-
tweenthehierarchies. A conclusonisobtained withthe
aforementioned questionnaire processing feasibility
analysisfocusingon TSC’s8 divisionsadopting RFID
system, the assessment dimension and assessment cri-
teriaresultisshownasTABLE 4.

TABLE 4: Reault of applyingAHPin theadoption of RFID
inTSC

Ultimate Assessment I — Hierarchy Owverall
goal dimensions ; : weight weight
Percerved usefulness 0417 0.052
Teckniology Percerved ease of use 0.152 0.019
nl:cept:lnl:.:e- Attitude of use 0.103 0.013
Willmgness of use 0197 0.024
Actnal use 0.131 0.016
Eguipment and ny ~
construction cost 0298 0.102
Cast Labor cost 0372 0128
- eConomy Equipment 0.207 0.071
‘E mamtenance cost s ;
£ Employee fraining 0.123 0.042
é cost
Collaboration =
315 7
g bretween employees 0.135 0.01
= Company and =
: enpicras 0178 0.022
o Human =
£ resource Tull sappont ok 0.495 0.062
= high-level personnel
ﬁ Executive and
= managmg ability of 0.192 0.024
= the team m charpe
_.::' Customer education 0.198 0.039
E service - -
= Deecision-making
-: Custonser ability to grasp 0378 0.074
v and market market trend
_g oriented Customer satisfachon 0277 0.054
r— management
= T
Customer order -
a 47 20
= N —— 0.147 0.029
Information
transmission 0325 0.069
management
S 0.141 0.030
Process operation
management Piod"utﬂbnﬁ:k 0217 0.046
confrol
Transportaton and
warehousmmg 0317 0.067

ImManaFement

Result analysisof adopting RFID in TSC

In response to the adoption of RFID system can
morerapidly and accurately obtain data, and the con-
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sideration of related adoption factors, inthediversified
TSC divisions, therelated informationissummarized
through experts’ opinions, and therel ative comparison
weight of adopting RFID systemto TSC divisionscan
be calculated withAHP, which can all beused asrefer-
encefor TSC’s decision-making to adopt RFID sys-
tem. Thestudy result shows, it issuggested that TSC’s
“Hypermarket Business Division” should betheprior-
ity RFID adopting divison, asshownin TABLES.

TABLE5: Reault of applyingAHPintheadoptionof RFID in
TSC

= Business Division (BD) Plan weight Wercentage Order
= £ Hvoermarket (BD) 0.187 18.7 1
= 2 Marketing (BD) 0179 17.9 2
£ 7' Animal Industry (BD) 0.164 16.4 3
§ g Agriculture (BD) 0.161 16.1 4
£ = Biotechnology (BD) 0.104 10.4 5
# £ Sugar (BD) 0.079 79 6
“}' *  Petroleum (BD) 0.066 6.6 7
T Ieisure (BD) 0.060 6.0 8
CONCLUSION

To ensure the assessment factors that need to be
considered when establishing the sel ection model of
“business adopting RFID”, the study hasdivided the
guestionnairedesigninto 2 stages. Stage 1 appliesthe
MDM expert questionnaireto ensure the sel ection of
the assessment factors, and stage 2 appliesAHP ex-
pert questionnaireto ensuretheweight level of various
assessment factors, to alow the expertsto processthe
optimal decision-makingfocusingonthefeasibility in-
dustry plan of adopting RFID in business. Theempiri-
cal result isdescribed asfollows:

1) Dimensonhierarchy andysis Thestudy result shows
thefive assessment dimensions arerespectively:
technol ogy acceptance, cost economy, human re-
source, customer and market oriented, and pro-
cess management and theweightsare respectively
0.123,0.344, 0.126, 0.196 and 0.211. Therefore,
theimportanceof thedimens onsis*“cost economy”
prior than other dimensions.

2) Criteriahierarchy andysis. The assessment result
of assessment criteriaisshownasTABLE 6. The
study result shows, theimportance of the assess-
ment criteriais*labor cost (0.128)”” ismost impor-
tant than other criteria

3) Theandyssof optimd division for theadoption of
RFID: According the study data, the weight per-
centage of hypermarket businessdivision, market-
ing businessdivision, biotechnology businessdivi-
sion, and animal industry businessdivisonareover
15%. Therefore, the“Hypermarket BusinessDivi-
sion” isthemogt priority adoptiondivision.

CONTRIBUTION

Thefollowing conclusions can be obtai ned after sum-
marizing thestudy result:

1) Proposethe5 dimensionsand 21 assessment cri-
teriathat are suitablefor businessto adopt RFID
asbusinessdecision-making reference.

2) Empiricaly proposetheassessment dimensionand
criteriaimportance order that i ssuitablefor busi-
nessto adopt RFID, theresult can provideasref-
erencefor businessexecutives’ decision-making.

3) Inassessment model of businessadopting RFID,
theimportanceorder of thefivedimensonsare“‘cost
economy” prior than other four dimensions, and the
importance order for assessment criteriais*“labor
cost” being moreimportant than other 20 criteria

4) Theempirica result showsthat: The“Hypermarket
BusinessDivision” should bethepriority adoption
selection for TSC to adopt RFID technol ogy.
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