Chapter 1 INTRODUCTION

1.1 Introduction

This research investigates the adoption by org#oiz of lean principles for creating
business values in the end-to-end supply chaineggnin response to the increasingly
complex operations as a result of globalizatiomileg to rising costs, and deteriorating
efficiency. Thus, firms’ supply chain position dsetcontextual factor of adoption is
incorporated into the research design. Two prontinean approaches, i.e. lean
manufacturing and lean services, are evaluatedgusoth quantitative and qualitative
methods for answering different research questiémst, the research explains lean
adoption in upstream supply chains by establistliegelationships of lean manufacturing
with supply chain integration (SCI) and suppligegration as a specific context of SCI, at
process level, based on the empirical data obtdnosa 558 companies in 17 countries.
Second, the research explains lean adoption incesrthat focus on user experiences at
the customer touch points in downstream supply nshatomplementing the findings
obtained in the previous stage. Two case studiesanducted, aiming to provide the
insights of lean service enabling technology agpion at the user level in both individual
and organizational aspects. The research contsliatthese two levels of understanding
of lean adoption through comparing and contrastivegn in two different supply chain
directions, so that continuous improvement to syipphin members can be supported by

adopting lean principles.

1.2 Research questions

With the globalization of business comes increassass-border activity and new
investment in overseas economies, which bringonlyt new opportunities, both for the
firms investing and the economies in which theyesty but also additional costs,
particularly in terms of the logistics of multips®urcing for multi-product enterprises.
Becoming a lean enterprise that emphasizes siwggiiin and elimination of wasteful
processes, enables global manufacturers to stmantheir supply chain through
improving throughput, reducing costs, and delivgrghipment with shorter lead times
(King, 2009; Oliveret al, 1993; Ryan, 2001). Littlefield and Shah (200%e@ched 320

enterprises across different vertical industriethenUS regarding their lean manufacturing
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processes, and the results showed that lean estmrpare able to achieve 98%
on-time-delivery of products and 5% inventory c@sts share of revenue, compared to the
industry average of 64% and 7% respectively. On dbeer hand, according to a
longitudinal study of the European manufacturinduistry, Bhasin and Burcher (2006)
reported that lean manufacturing can help redustenay 40%, cut costs by between 15%
and 70%, reduce space and inventory requiremer®¥y push productivity up between
15% and 40%, whilst cutting process changeovers6@. Both studies show the
tremendous benefits and usefulness of using leanciples in manufacturing.
Undoubtedly, lean manufacturing creates businelsgesan operational improvements on
lead-time reduction and cost savings as a resuilfaste reduction objectives. Besides, as
the literature review in Chapter 2 will show, leprinciples also deliver operational
improvements at the customer touch points of seraid retail firms based on business

rules.

However, there has been no literature studying h@lues are influenced by the
management competences of manufacturing firmsitttdide technology, people and
systems, in the end-to-end supply chain aspetitht process and customer levels. The
thesis endeavours to partly remedy this omissiororisists of four research publications.
The first two articles study the causal relatiopsbetween lean manufacturing adoption
and organizational process integration in the fofn$CIl and supplier integration, while
the last two articles explore the user experierfcesong radio frequency identification
(RFID), a lean services enabling technology, wite &im of providing insights into the

technical aspect of adopting lean services to axgéons in creating customer value.

The first publication, An extension of IDT in examining the relationshigtween
electronic-enabled supply chain integration ancetth@ption of lean production”, authored by
S. So and H. Sun, published online Iimernational Journal of Production Resear¢t™
February, 201Q)analyses the adoption of lean principles in glabhahufacturing firms.
Based on the survey data obtained from 558 firnigicountries, it studies the relationship
between lean manufacturing adoption and electrpieaabled SCI which takes part in
both internal and external supply chains. The stdtjresses the following four research

guestions:
1. What are the factors causing manufacturers to accépean manufacturing?
2. How significant is the value of lean manufacturing perceived by
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manufacturers?
3. What impact does SCI have on the adoption of lean amufacturing?

4. What are the aspects of SCI that influence the addjn of lean

manufacturing?

The second publicationAtopting lean principle as sustainable manufactusimategy in an
electronic-enabled supply chain environment”, argbddoy S. So, published international
Journal of Sustainable Econonfiyol. 2, No. 3, 2010)essentially an extension of the first
article, further examines the effect of supplietegration, an external SCI focusing on
information management and supply policies, on eamufacturing adoption, based on
the same empirical data set used in the previagysit addresses the following research

guestions:

1. Is adopting lean manufacturing in regular operatiors the sufficient condition

for becoming sustainable practice?

2. What impact does collaborative information managemet for supplier

integration have on the adoption of lean manufactung?
3. What impact do supply policies have on the adoptioof lean manufacturing?

The third publication, Creating ambient intelligent space in downstreampasagl supply
chain with radio frequency identification technofdgom lean services perspective”, authored
by S. So and H. Sun, publishedlimernational Journal of Services Sciend®l. 3, No. 2-3,
2010) is a case study that examines adopting RFID tdolgy in the operations of an
apparel retailer through exploring the experiencesising and implementing a new

service. It aims to answer the following researcbggions:
1. What are the adoption factors that cause the reta@r to accept RFID?
2. What are the improvements that RFID brings to the etailer’s operations?
3. What are the issues of implementing RFID in the retiler’s operations?

The fourth publication, L'earning from failure: a case study of adoptingigaflequency
identification technology in library services”, hoted by S. So and J. Liu, published in
International Journal of Technology IntelligencedaRlanning,(Vol. 3, No. 1, 2007)is a

further case study that explores the circumstarméesnplementing RFID in library
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operations, with the focus on understanding impleatéeon issues and how they can be
resolved, as well as drawing conclusions and praicimplications as industry insights.

The following research questions are addressed:

1. What are the issues of implementing RFID technologyin lean service

operations?

2. What are the solutions to the issues of implementinRFID technology in lean

service operations?

3. What are the practical implications of using RFID &chnology to improve

customer services and streamline operations?

The next section will provide an outline of thedise It describes the approach that has

been taken in the structuring of the various chaptethe thesis.

1.3 Outline of the thesis

Chapter 1 provides a summary of the backgrountdegadsearch and highlights the main
research questions. It introduces the structutbeothesis, organized around four separate
but related publications. Chapter 2 reviews theuaht academic literature. It reviews the
lean principles related literature with a specaus on the adoption in e-supply chains.
Also, related literature on research methodologyef@luating the reliability, validity and
generalizability of the empirical data gatheredrirthe studies of this thesis is addressed.

Chapters 3, 4, 5 and 6 consist of individual bldtesl refereed articles that have been
published in paper or online form. The first agi¢Chapter 3) was published online and
the publication schedule of the paper form is sl available. The research conducted by
the first author, i.e. the researcher, who is thle svestigator of this study, was fully

funded by a research grant at City University ohbl&Kong, managed by the co-author.
The first author is the only research staff reedivith this funding. The paper studies the
relationship between electronic-enabled SCI in botarnal and external scenarios, and
lean manufacturing adoption. The leanness is meddwy the extent of supply strategy
restructuring, the streamlined process, pull praddacimplementation, and workforce

empowerment supporting the lean manufacturingaitiv.

The second article (Chapter 4) is an extensiohefitst publication and studies the casual

relationship between lean supply strategy towangpléer integration and the adoption of

4



lean principles in manufacturing, based on the sampirical data set used in the first
publication. The lean supply strategy is measunreduppliers’ capability of supporting

lean manufacturing through: (a) information flowegration in supply management that
improves manufacturers’ workforce, (b) delivery dmstorical performance and ability to
share sensitive business information to enhancduptoinnovation and operations of

manufacturers.

The third article (Chapter 5), as with the firstide, the first author was the sole
investigator of the study. The project was finaltgisupported by City University of Hong
Kong with the budget approved by the co-authostutlies a successful case of adopting
lean services enabling technology to apparel ietpilThe role of lean services in the
downstream supply chains and how lean servicesbearealized in retailing by RFID
technology are discussed. Triangulation that in#dlthe convergence of multiple data
sources was used to improve the validity of the(lYin, 2009). Qualitative data was then
collected by interviews and observations from botnagement and first line staff of the
retailer, and the representatives from its RFIb@bogical partner, which is essentially a
different company with business of a different maturhe data was analyzed using a
gualitative content analysis technique (Carsbal., 2001; Graneheim and Lundman, 2004)
by extracting the underlying attributes of usercpgtions and experiences on using RFID
in order to obtain more realistic adoption factoased on real world experiences.

The research for the fourth article (Chapter 6) fivencially supported by a research grant
at The Hong Kong Polytechnic University with thedget approved by the co-author, who
was the Head of Department in which the reseansfogked. The first author is the only
researcher in the project. It studies a failureecak adopting lean services enabling
technology for library operations by exploring tapplication of RFID technology in
library services that serves two purposes: (a) mmatmg and streamlining library
operations, and (b) providing intelligent serviteenhance customer values. Qualitative
data was obtained from different sources, includibgary staff and the professional
consultant, and an independent party, who mademme@ndations to the library. The
practical implications of this case study can sexw¢he reference to other organizational
improvement programmes. Last but not least, thelasion of the thesis is detailed in

Chapter 7, the final chapter of this thesis.

In summary, the thesis contributes to the undedatgnof various influential factors



against the adoption of lean principles in manuwfiact and services by considering the
firms’ supply chain position. At the process leudle first two studies revealed that SCI
and supplier integration, as a form of processgnaion, have significant positive
influence on the adoption of lean manufacturingliectronically-enabled supply chains.
The last two studies analyzed the practical comatams of adopting lean services
enabling technology at the user level, in bothvitlial and organizational aspects, with a
focus on user perceptions and experiences. Thestadees revealed that adopting lean
principles in user-centric services was influendsd individual factors which were
characterized by user experience and organizatiactbrs that emphasize consistency
with existing values, past experiences and needlseohdopters. The results complement
the findings of the first two studies in understagdhe adoption of lean principles along
the two different supply chain directions. Hencalue can be specified more suitably to
business and customers based on these two leurtlefstandings of lean adoption, while
continuous improvement to supply chamembersan be established through linking the
value stream from the upstream to downstream sughiain as a consequence of adopting
lean principles.



Chapter 2 LITERATURE REVIEW AND METHODOLOGY

2.1 Introduction

The highly competitive marketplace forces manufeegimoving their production lines to
locations outside their home countries where tlaeelower labour costs. The change
triggers a radical transformation in manufacturisgpply chains that may include
operational processes, buyer and supplier reldtipng/orkmanship, and customer values.
A new method is needed for not only manufacturetsalso their trading partners to cope
with the changes. Lean thinking, which started ianofacturing for waste reduction,
involves a collection of management principles iegdo substantial improvement in
productivity and resource usage, including Judtare (JIT), the pull production system,
supply management, standardization of manufactyringesses, cellular manufacturing,
lot-size reduction, and workforce empowerment (Bagad Korvin, 2008; Creese, 2000;
Hines, 1996; Pérez and Sanchez, 2000; Wu, 200320@8; Wang, 2008). Lean principles
are widely used in manufacturing supply chains thahg significant operational
improvements to supply chain stakeholders, andbieefits have been extended to
non-manufacturing in downstream supply chains (Ase2011; Bozarttet al, 2009;
George and Wilson, 2004; Jayaraimal, 2008; Krishnamurthy and Yauch, 2007, Sehgal,
2009).

As indicated previously, the thesis, based on fegearch journal papers, explores the
antecedents and implementation issues of adop®ag Iprinciples and underlying
technology in organizations seeking to create massirvalues in the supply chain context.
Specifically, the relationships of lean principlas,an organizational management system,
with key supply chain activities, including managsuppliers and production in upstream
supply chains (lean manufacturing) and managing siperation and customer services in
downstream supply chains (lean services), are exgbland analyzed. The studies seek to
better understand how firms in respective suppbircpositions adopt lean principles that
create business values. The adoptions of learesethwo dimensions are compared and
contrasted so that a common adoption approachmsisuized.

The literature review has three main sections, ragnio critically review the relevant
literature and establish the gaps of contemporaigwkedge that clearly establish the



originality of the study and provide the foundatitmm the four articles that follow this
chapter. The first section reviews the lean prilesgiterature in relation to supply chain
management (SCM) and value creation. The seconmsaeviews the literature on the
adoption of lean principles in organizations anehiifies a gap in this extensive body of
research: there have been no previous studiebdhataddressed adopting lean principles
for creating value corresponding to firms’ supplyam position and identifying the
circumstances and antecedents that influence tloptiad in both individual and
organizational aspects. The final section revidvesmethodology literature that is relevant
to the studies and helps establish the reliabditg validity of the collected empirical
evidences, as well as the generalizability of #s=arch models.

2.2 Lean principles from a supply chain perspective

2.2.1 Creating value with lean principles

Lean principles began in manufacturing, originaiimgoyota, as reflected in names such
as ‘Toyota production system (TPS)’ or ‘Just-in€ifdIT) manufacturing’ beginning back
in the 1960s, aiming for a total management systeahworks for any type of business
(Bruun and Mefford, 2004; Ohno, 1998; Reichhart &tadweg, 2007; Taj, 2008; Wu,
2003). Being one of the manufacturing best prastitean principles preach simplification
and elimination of wasteful tasks, which is appiesto overly complex and nonintegrated
processes that are inefficient and provide litdelexd value (Bayou and Korvin, 2008).
Adopting lean principles as a total managemenegsyss$ a strategic move and the success
is determined by how well a company coordinate®fits internal processes, including
operations with its suppliers and customers, tadpets and services that offealue
(Russell and Taylor, 2009). According to Harrisord éHoek (2008)yalue is relative
advantage specified as perceived benefits obtafrad products/services from the
customer perspective, while from the managemersipeetive it is perceived asonomic
profitability. It can be extended to other supply chain stakigislas aalue streanin
which the value-adding processebegin as raw materials from suppliers that are
progressively converted into finished product bdumhend-customers, such as aluminum
is converted into one of the constituents of a @aooke. Rogers (1983) and Moore and
Benbasat (1991) argued that relative advantage mejar factor affecting innovation
adoption by end-users in whiplerceived benefits (PB)hdperceived usefulness (Pdan

be used as the measurements for the new idea.dk wadjieof applying lean principles in
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manufacturing is reducing customer order fulfillheme by eliminating non-value-added
waste from the processes (Ohno, 1988), and valeetoles such as reducing lead-time or
inventory can be applied to services by streamjjmprocesses so that businesses can be
more responsive to changes (George and Wilson,, R@kell and Taylor, 2009).

Ohno (1988) identified seven kinds of waste tha&td® be eliminated in manufacturing,
and they are: (1) overproduction, (2) transportgt(8) inventory, (4) motion, (5) defects,
(6) over-processing, and (7) waiting. These sevast&s represent the most commonly
wasted resources and their associated wasteful fantng activities which do not add
value or are unproductive: e.g. mistakes whichireqectification, production of items no
one wants, so that inventories and remainderedgpibel up, processing steps which are
not needed, movement of employees and transpayba@ds from one place to another
without any purpose, groups of people in a dowastreactivity waiting because an
upstream activity has not delivered on time, anddgoand services that do not meet
customer needs (Womack and Jones, 2003). Theckagtyg not meeting customer needs,
is the eighth waste introduced by Womack and J(2@33) as the key factor considered
by a lean enterprise. The pull production appraaahthekanbancontrol system are at the
heart of this effort in communicating the downstneaemand to suppliers through
manufacturers (Bruun and Mefford, 2004; Martin, @0Taj, 2008; Wu, 2003). These
wastes can be classified into two categories:waste in the form ofesources(raw
materials, WIP, etc.) that are transformed in mactwiring, andransforming resources
such as people, processes, and facilities (Le®WB6 R Each of these wastes corresponds to
some form ofoss in valuesuch as loss in material, factory, and equipmelitation, time,
man-hours, and dollars, representing costs thapaams must ultimately pass on to their
customers, something which should be avoided (R268&8).

Lean principles help analyze businesses systertigtitta establish the baseline of
value-adding processesd to identify the incidence of wastes mentioeadier, aiming to
get parts and data to flow through business presas®re efficiently. The more detailed
analysis, prompted by these wastes, encouragesategunderstanding of processes and
their relationships obtained throughpply chain mappingn end-to-end process analysis
to evaluate product flow through visualizing aratiing activities starting from suppliers,
manufacturers to customers (Gartner and CoopeB;2drrison and Hoek, 2008; Swank,
2003). End-to-end integration of supply chain psses enabldsanban or pull signals,
communicating actual demand and usage to initlaelow of materials. Establishing a
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kanban linked-supply chain in a pull production environmehelps manufacturers
maintain low stock levels while, simultaneouslypimoving the capability to deliver and
capture customer value to determine how well they sapplying their customer base
(Black, 2007; Martin, 2010; Taj, 2008; Wu 2003).t&lkers may use such processes to
increase value, or look at the prices of their patsl in order to price them competitively
(Martin, 2010). Hence, meeting the intended purpmdsselopting lean principles for value
creation could be influenced by factors relateddth upstream and downstream, and it is
crucial to identify these factors to support stgatalecision-making concerning adopting

and implementing lean.

2.2.2 The integrated supply chain and influences leadintp lean adoption

In adopting lean principles as business practiceréate values through streamlining
operations and eliminating wasteful tasks, orgdmina need to implement relevant
information systems, technologies or productioratsties involving organizational
changes, which pose the potential of significanpants on various aspects of a firm’s
operations (Womack and Jones, 2003). These impaald range from internal impacts on
different business units to external impacts retato trading partners involving supply
policies, manufacturing processes, and inventomtrog that characterize the major
upstream supply chain activities, as well as iteamagement and store operations, which,
on the other hand, characterize the major actsviiedownstream supply chains (Bozarth
and Handfield, 2008; Chen and Paulraj, 2004; HeimndrRender, 2007; Russell and Taylor,
2009). Therefore, using lean principles concerri®nty internal manufacturing processes,
but also operations of the entire supply chain @liet al, 1993). Extending lean
principles from manufacturing to SCM can furthevdege the supply chain’s
performance to be more responsive to demand clamy® have lower costs (Oliveral,
1993; Ryan, 2001).

A supply chain comprises multiple participants &ath of them involves a number of
operational and managerial activities where a magtufer sits in the middle controlling
the flow of material and information through itséamal supply chain and reaching out to
its suppliers and customers via an external supp&ain (Christopher, 1998; Li, 2007).
Figure 2.1illustrates an integrated supply chain with thre¢tmajor players: i.e. suppliers,
manufacturers and customers and corresponding-ealdi@g activities from purchasing

and flow-control of materials in the upstream, am@uppliers and manufacturers, to
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customer services and sales management in the ttearms among manufacturers and

customers.

Christopher (1998) emphasized that leading-edgepaoias seek to make supply chains
more competitive as a whole, through adding vaarescost reductiohy integrating the
internal business functions of the companies, olioly purchasing, material management
and inventory control. This, however, is essentigisufficient and the integration must be
extended to their trading partners, for examplsirngam suppliers, in order to achieve true
supply chain integration (SCI). Also, Bhasin and rdher (2006) argued that
manufacturers’ growing profits through cost cuttimgot likely to be sustainable and must
be balanced with sales growth, innovation, new pcbddevelopment and process
improvement, where lean manufacturing plays an mapo role in achieving this goal
through supplier collaboration. Integrating withppliers with lean principles offers
manufacturers the benefits of reduced business tiskugh joint R&D or joint investment
in technology, decreased inventories by sharingsstdrecasts or production schedules,
improved product quality and knowledge by co-desigrproducts, and can lead to more

stable supply prices by committing to long-termtparships (Hines, 1996).

Material . Customer
flow \

i N / service
f‘f'_'_'_'_'—\_\_\_\_\_\-\_\""‘
Suppliers @ Manufacturers ¢ Customers

Materials Manufacturing e
() Distribution
Management Management I..

Internal Supply Chain

Figure 2.1 An integrated supply chain (adapted fmistopher, 1998)

Mitigating business risks derived from supply chairerall variability can be achieved
through supplier integration by buffering inventaly various strategic locations of the
supply chain where the decoupling point locatiols de shifted toward upstream
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suppliers according to different product modelsB@En and Azambuja, 2009). For
example, the engineering-to-order (ETO) model detsasuppliers hold more strategic
stocks than other models for product customizatan shifts risks from manufacturers to
suppliers, leading to upstream supply chains chetized withlong-term contractual
relationship high-level of information sharingand ahigh-level of relation-specific
investment¢George and Wilson, 2004; O'Brien and Azambuj&@0Eventually, it also
offers the benefits of lead-time reduction, staddation of products and processes, and

information transparency, to various supply chaambers (Tommeleiat al, 2009).

The Internet, a platform-independent communicatidmghway, can be used as a
cross-company interface to offer information traargpcy through business-to-business
(B2B) e-trading systems by fostering operationalffjcient, connected and cooperative
relationships among manufacturers, suppliers asttilolitors (Neef, 2001). The most
typical B2B feature is the formation of online tragl communities and electronic
marketplaces. For example, Global Sources, a glBB&8 media company, creates an
online trading community of over 888,000 active ésyand more than 253,000 suppliers
in over 240 countries, in which Wal-mart, Best B8gmsung and Carrefour, are among
the buyers making use of the company’s electroracketplaces (Global Sources, 2009;
2010) that are able to cope with their sourcingtstzies and help communicate their trade
effectively (Datamonitor, 2009; Global Sources, @0Buch structures have been enabled
by the Internet and seek to offer cost reduction@ocurement and also in the processing
of such transactions that enable trading partreerstégrate electronically on the supply

chain information systems along the ‘e-supply chi@arrison and Hoek, 2008).

2.2.3 EMSC and integrated supply chain

Having conducted a global study on lean operatiath A2 first-tier autocomponent
suppliers, Ryan (2001) argues that employing Itieemabled supply chain information
systems might be an effective lean approach toceediie increasing costs of the ever
complex supply chain and enhance buyer-suppliatiogiships in the long run, through
managing communication and information on a reaktibasis. The capability of
managing various supply chain activities in a tynahd cost effective manner, with
Internet technology, becomes increasingly importantmanufacturers in order to stay
competitive in their markets, in which EMSC arempising achievement of this objective.

EMSC are manufacturing supply chains in an e-Bgsie@vironment comprisingternal
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supply chaingvhich includes various production management amgbart functions, and
an upstream supply networks part of the external supply chain (Christoph€88; Li,
2007). This offers the environment the potentiahtbieve lean improvement objectives
through facilitating information exchange amongimas supply chain members who
associate with various influential factors affegtithe adoption of lean production or

supplier integration by manufacturers.

Manufacturers realized some time ago that operaitngn integrated supply chain
environment is a key capability to better suppoecision-making, planning and
transaction processing by using information systemsupply chain technologies, for
example, electronic-data Interchange (EDI), entegmesources planning (ERP) systems,
B2B and Internet/Extranet (Hugos, 2003), constiytihe EMSC infrastructure (Bruun
and Mefford, 2004; Li, 2007; Pérez & Sanchez, 20@@her key capabilities to improve
operation efficiency, cost effectiveness and wasduction involve adopting new
production strategies, for example, lean manufaaju{Creese, 2000; Wang, 2008;
Womacket. al, 1991).

Lewis (2006) emphasized that lean manufacturingredace the level of input resources
in the system for a given level of output, i.e.iaemg higher efficiency, by eliminating
wastes from the system through adoptiredevant supply strategyand can give
manufacturers sustainable competitive advantagsupply management is highly related
to demand driven (pull) supply chains through etterdinating material flow, inventory
and production planning, implementing appropriaMSE-enabled supplier integration
strategy could influence the Ilong-term adoption lelan manufacturing. Lean
manufacturers could further integrate with upstreaippliers over the EMSC with speedy
data communication and reliable information manag@mthat may influence the
continuous development and long-term adoption ah lenanufacturing ultimately (Li,
2007; Rudberg and Olhager, 2003; Ryan, 2001). With emergence of information
technology (IT), manufacturers migrate to e-kanbem,electronic version dfanban
control system, on existing ERP platforms with iod scalability so that it is easier to
apply the replenishment methodology to more andensappliers by connecting to EDI
and the internet (Bozarth and Handfield, 2008; Véat2009). Integrating kanban and ERP
offers the benefit of combining the planning capaés of ERP with the control
capabilities of kanban that creates and maintainsenaccurate information for lean
manufacturers in the EMSC (Bozarth and Handfie@)8). With the burgeoning use of
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EMSC-enabled SCI, lean manufacturers can hence tigbiby integrate with their supply
chain counterparts where this helps companiesttomyp share the values of lean practices

but also to establish a closer relationship inloimg run.

The preceding sub-sections introduced lean priasipls a management philosophy that
creates business value aimed at waste reductionbdth manufacturing and
non-manufacturing firms. EMSC-enabled SCI, reprasgrboth intraorganizational and
interorganizational integrations by electronic measay have a significant effect on its
adoption by organizations as connected enterpiisttge supply chains. The next section
will discuss the circumstances of adopting leangyples to organizations in the form of

lean manufacturing and lean services for valuetione@n supply chains.

2.3 Value creation in supply chain by adopting lean pmciples

Based on the value chain model (Porter, 1985), g&eand Wilson (2004) argued that the
value chain of each firm extends from supplierdtadl way to customer satisfaction, is in
which thevaluereaches beyond the four walls of the company, dgepthe supply chain
as a consequence. Porter (1985) identified theegiaactivities in an enterprise that
increase business value if they were linked apjptady. Christopher (1998) extended this
firm-based value chain concept to supply chainshich procurement and manufacturing
characterize the activities in the upstream suppéins, while customer services represent
the major activities in the downstream supply chafithough lean principles has shown
its strength as a total management system in ogeagilue by adapting to today’s era of
global supply chains and information systems (Ol18&8), understanding management’s
decision processes and individual users’ attituttesaccepting lean principles helps
formulate relevant adoption tactics from the sumbigtin perspective. Behavioral theories,
in particular, the diffusion/adoption of innovat®r{Rogers, 1983; 1995), provide a
theoretical basis for modelingan manufacturindpased on a systematic decision process,
which help study lean adoption in the upstream uppains in terms of improving
business values. On the other hand, exploringrilausers’ attitudes of usigan services

at the customer touch points helps evaluate leaptemh in the downstream supply chains

reflecting the improvement of customer values.

2.3.1 Lean manufacturing adoption

Ohno (1988) argued that the most important objeaidean manufacturing is to increase
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production efficiency by consistently and thoroygéliminating waste which is supported
by JIT, aiming at pulling the right goods needed, inrigat amount and at the right time,
by usingkanbanto communicate the information between each opteesses to control
the amount of production, anautomating the processes with intelligence through
incorporating human touch, for example, individwMill and teamwork, into the
production systems so that machines are equipptdf@aolproofing systems to prevent
defective products. In order to systematically addp in manufacturing, Buker (1991)
established structural JIT implementation approdidsed on three management
capabilities to systematically adopt lean manuf@otuthat eliminates Ohno’s seven
wastes: technology management concerning the implementation of a responsive
production system to improve existing processesutin streamlining, reorganizing or
restructuring the layout and set-up, e.g., usifiglee layout, so that waste can be reduced
and response time can be minimizeshple management focusing on the development of
human capital to support the continuous improverabjdctive in JIT by creating a proper
working environment for employees from the presidenthe hourly workers through
empowering and training of the workforce, aydtems management aiming to address
the effective distribution of parts and materiadsagell as proper use of limited enterprise
resources which include restructuring supply stpatby forming a partnership with
suppliers and establishing pull production systemsthat parts and materials can be
produced on demand with very short lead times. Béreefits of these changes cannot be
observed only if they are put into practice anddussgularly for the long term, which

consequently requires a systematic adoption strateg

However, adopting lean manufacturing, just like @dag other innovative ideas or
practices could bring significant impact on and remmus changes to operations, even
when it has obvious advantages, and is often dlffidue to a lengthy implementation
period and the possibility of failure in the prosed adoption. On the basis of over four
thousand studies of adoption of innovation acréssrge populations and cultures around
the world, Rogers (1995) developed an innovatiogisien process (IDP) for an
organization and its management shaping their iatow adoption strategies by
facilitating change management. The process caeneist series of activities, through
which an organization evaluates an idea and decidether or not to incorporate the
innovation into practice, that helps create cooddi for change. Rogers (1995)

emphasized that the decision of accepting innomataan be influenced by many factors,
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such aperceived valueghat lead to a different hierarchy of innovatedfects. In order to
support various supply chain members in making @muoate decisions throughout their
entire decision process, Rogers’ IDP identifie® fdecision factors in an organizational
change process, which can be used to frame thetiadogtrategy with management
interventions at suitable time throughout the psscethat involves:knowledge
(understanding of innovationgpersuasion (exploring perceived attributes that lead to
accept innovations)decision (adopt/reject innovations)implementation (involving
operational and organizational issues that wilfdmeed when putting a new idea to use),
andconfirmation (occurs when decision-makers recognize the besnaffinnovations and
integrate them as ongoing practice, adgoption). Based on the work of Rogers (1995), the
on-going adoption of lean manufacturing as sushkdnastrategy is a long term
commitment coming up through a structural decismocess which involves the
recognition of operational competencies, implem@naissues, and the benefits of
integrating lean into the value-adding activities the supply chain around the

manufacturers

Nevertheless, adopting lean manufacturing in ampply chain requires substantial
procedural and operational changes in light ofré®emgineering of key business processes
that typically impacts the organizational structyggolicies and employees of the company
and its trading partners (Bergstrom and Stehn, 2P@6teet al, 2003; Yasiret al, 2003).
Use of an approach such as Rogers’ IDP (1995) kelp establish a systematic
organizational change process, in which its effectess is mainly influenced by the extent
of supplier integration and the level of informatisharing (Fan@t al, 2008). The next
sub-section will discuss the influence of supplegration and its associated relationship

activities on lean manufacturing adoption.

2.3.2 Supplier integration effect on lean manufacturing aoption

Matopouloset al. (2009) revealed that only 10% of supply chainsragarded as fully
integrated based on a SCI study in the Europeammantive industry by Towillet al.
(2000). A more recent survey, by Poirier and QU2003), similarly concluded that only
10% of the supply chains in the US had achievee@reat integration. On this basis,
Matopouloset al. (2009) argued that integration very often failse da the conflicting
interests of the supply chain members, and beaaiuthe lack of commonly accepted IT

infrastructure and operation process to facilitdwe flow of information and materials
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between the companies. According to Bowemsioal. (1999; 2010), supplier integration is
the key capability to successful SCI, while adoptilean manufacturing helps
manufacturers and their suppliers establish commoals/strategies in carrying out

organizational improvement.

Supplier integration concerns business procesgriaien among manufacturers and
suppliers through using IT applications. Thigrensactionalin planning and operations
that are supported by e-business systems, andvesioformation sharingin achieving
decision synchronization and contract boundeltaborationwith selected suppliers for
risk sharing (Basu and Wright, 2008; Matopouktsal, 2009; Nurmilaakso, 2008;
Simatupang and Sridharan, 2004). Effective inforomasharing along the supply chains
could positively influence supply chain practiceoption: for example, JIT/lean
manufacturing requires implementing pull systemgppty management and waste
removal, which form the basis of SCI (Seetel, 2002; Zhou and Benton, 2007).

According to Bowersoxet al. (1999, 2010), SCI concerngperations that include
traditional processes such as purchasing, prodycéind logistics where SCM practice
like, JIT/lean, comes into plaplanning and controkhat incorporates IT and planning
systems, and measurement competencybahdvioralthat relates to how relationships
are managed, in whickupplier integrationin the operational context represents the
driving force underlying the collaborative relatstips among manufacturers and
suppliers as a recognition of mutual dependencescé] supplier integration as a specific
context of SCI may have a positive effect on adwgpiean manufacturing as a SCM
practice. Relevantsupplier integration strategy can be developed, based on the
capabilities of operational integration and suppiinagement (Bowersat al, 1999).
Based on the work of Bozarth and Handfield (2008jmpetencies of supplier integration
in three areas positively affect lean manufactumagption:Information sharingwith
suppliers including demand forecast, inventory lleared production planning decisions,
E-business systenthat support collaborative communication and imfation sharing
with suppliers, andPolicy-based supplier selectiphased on relevant measurements to
help develop and manage long-term supplier relatims by evaluating suppliers’
performance and their capability in providing inatiens and co-design of products for
meeting customer needs. According to Sahay (2@3),demands collaboration among
all participants, whatever their size, functionrelative position, in which suppliers and

manufacturers, as major partners, are two veryia@rasmponents of the chain where their
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involvement calls for commitment and trust over extended time period and which
includes sharing of information, risks and rewarfisere have been no studies that have
been focused on lean manufacturing adoption im$pect of value creation related to SCI
effect concerning both internal and external sugblgins, not to mention studying the
supplier integration effect on its long-term adoptbased on structural decision process.
The next sub-section will explore the lean prinegpadoption in the services segment at

the downstream supply chain process.

2.3.3 Lean services adoption

Lean principles have been proved to be an effeatiaragement system in manufacturing
to improve overall efficiency and to enhance theknenvironment, in which the “getting
more with less” concept can also be applied inrdbren of business (Aikens, 2011; Ohno,
1988; Russell and Taylor, 2009). Lean principles, raentioned earlier, including
eliminating waste, reducing complexity, improvinffi@ency, speeding delivery, and
understanding customers, have been adopted beya@milfacturing in services and
retailing (Heizer and Render, 2007; Russell andorag009). Hence, becoming a lean
enterprise has the potential to enable service aomap or retailers with the capability to
improve operations, reduce costs and deliver seswdth shorter lead times. Successful
cases in lean servicing have been applied in sastarices to insurance (Swank, 2003),
healthcare (Miller, 2005), government (Gupta, 20@4%d retailing (Heizer and Render,
2007; Russell and Taylor, 2009). Lean enterprisesdnto make changes to three
dimensions in their operations to obtain improvemetandardization of tasks and
procedures which can be achieved by, e.g. documenting thega® flow, training,
automating tasks, etc., such that people can led teespend more time being creative on
value-added workgonsolidating common processes to eliminate non-value-added cost
and duplicative efforts that customers are notimglito pay for, andeliminating
loop-backs or delay that will result in very low productivity levels5eorge and Wilson,
2004; Hanna, 2007; Swank, 2003).

In the past several decades, IT has continuedpgarekinto key manufacturing and service
delivery systems, and, in particular, into theirogess workflows and supporting
procedures. This has arrived recently in retailiappons that implement lean principles
in services and retailing. According to Martin (BQ.1typical IT applications facilitate

simplification, automation, integration, and moning of business processes, as well as
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the management and control of material and infaonavorkflows which fully realized
the lean thinking initiative. With the emergencevafeless computing, the "Internet of
Things" is happening now where the things (e.gpfeeand assets) in organizations can be
enabled with a wireless capability to provide vigyp throughout the business and
real-time viewing of inventories, movements, pearfance measurement, security and
safety as the basis of business process improveni8atma, 2008). Radio Frequency
Identification (RFID), a wireless technology, demstvates Martin (2010)’s IT capabilities
by realizing lean principles in downstream supgigios which brings profound process
improvements in retail or service-oriented entesgsiwith a number of successful cases,
for example, American Apparel (O’Conner, 2008), iL8tvauss & Co. (Wasserman, 2006),
Marks & Spencer (Hess, 2008), and Wal-Mart (Rold904, 2005, 2007). The real-time
asset and personnel visibility enabled with proeegemation that realizes lean services in
the “last 50 feet” of the supply chains, improvesstomer experience and item
management in store execution and enables retaderspe with customers with more
sophisticated buying needs in today’s fast-pace@soas they have less time to devote to
shopping (Hardgrave and Miller, 2008, Sarma, 2088ghl and Elshennawy (2010)
argued that the behavior aspect of lean servicptemooutweighs the technical aspect as a
substantial change to current operations of a fgmequired that involve not only the
change of operating system and business procdmgesso the participation of users such
as staff and customers. Nevertheless, there iskaofaempirical study about the use and
implementation of RFID technology in realizing lesarvices aimed at unveiling adoption
factors in the behavioral dimension. Thereforethier studies of RFID-based lean service
adoption in retailing and services are necessargxploring the user experience of the
implementation as well as the issues regardinguieeand deployment of this emerging
technology, providing insights into formulating eeant adoption strategies based on
real-life experience for firms in different suppligain positions aimed at getting the buy-in

from both end-users and management.

In summary, the preceding sub-sections discusstagdpan principles in manufacturing
and service/retailing, representing the respediven of business in the upstream and
downstream supply chains. First, lean principlegpéidn in term of value creation was
outlined by considering the SCI effect with a speébcus on the influence of supplier
integration on lean manufacturing. Second, undedstg the user experience of the use

and implementation of lean services in real-life amecessary as understanding the
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behavioral aspect of adoption helps getting ugmrg-in. Also, lean services adoption is
compared and contrasted with the results of leanufaaturing studies which are not

addressed by previous studies. The next sectidmlisduss the research methodology for
establishing reliable and valid evidence as weleeasluating the generalizability of the

proposed theories in the present research.
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Figure 2.2 Scope of studies and research strategy

2.4 Methodology

Methodology refers to the way in which we appropotblems and seek answers, and in
social sciences, the term is applied to how resemconducted (Taylor and Bogdan,
1998). Two dichotomous theoretical approaches, geantitative and qualitative
methodologies are used to take on different kirfdesearch questions (Gray, 2009). The
methodology section contains three parts:risearch design highlighting the research
strategies and approaches that are used to déatliffgrent kinds of problems in relation
to the subjects’ supply chain position, tiesearch process which details the steps carried
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out in the studies, and approachesnteasurement and assessment concerning data

collection and subsequent data analysis.

2.4.1 Research design

With the intention of covering the major playerstioé supply chain from upstream (e.g.
suppliers and manufacturers) to downstream (e.dailess and customers of
product/service), the behavioral intention of adwogptean principles by these supply chain
members is explored with multiple methods by stadyractical issues and user concerns
about adopting new practice or technoldggure 2.2illustrates the scope of studies and

research strategy that correspond to the suppiy gusition of the research subjects.

The choice of research strategy is relevant tddha of research questions and type of
event being studied (Gray, 2009; Saunders, 2007, 2009). Hence, defining research
guestions is the most important step in a resestadty. Yin (2009) argues that research
guestions consist of both substance (e.g., whatyistudy about?) and form (e.g., am |
asking a “who”, “what”, “where”, “why”, or “how” gastion?), which are associated with
the selected strategy and, ultimately, that affieettrustworthiness of the findings of the
research study. Based on Gray (2009), Sauredexis (2007) and Yin (2009), the relevant

situations for different research strategies amqt@gches are summarizedTiable 2.1

Theoretical Forms of research
Purpose i Research strategy )
perspective question
Exploratory _ What?
Non-positivism Case study, action
Descriptive Posit research, grounded What?
(qualitative)
] theory, ethnography
Interpretive What, how?
Explanator Positivism Survey, experiment, What. how. why?
P y (quantitative) case study ' » Why:

Table 2.1 Relevant situations for different reskatrategies (adapted from: Gray,
2009, Saunders, 2007 and Yin, 2009)

According to Yin (2009), an exploratory study istied research that tries to look for
patterns in the data and comes up with a modelmtihich to view this data. Research
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guestions for this kind of case-study can focusnmat”’ questions, and descriptive studies
take this further and try to obtain information tre particular features of an issue.
Research questions here can again focus on “whastopns. Interpretive studies seek to
explore peoples’ experiences and their view or peasves of their experiences, and
research questions aim to explore “what” a givepeeience is like, and “how” someone
made sense of it (Gray, 2009; Saunders, 2007).xfstaratory study continues this even
further by trying to explain why or how somethirapipens, or happened with the emphasis
on discovering causal relationships between vabihere research questions in this

case are of the “how” or “why” type (Gray, 2009nYR009).

Having reviewed 633 articles focused on studying tise of research approaches in
technology adoption research, Dwivedi (2008) predidurther information about other

situations concerning choosing an appropriate reBespproach:

(a) The greater extent to which a researcher is patieotontext being studied, the
more relevant that a non-positivist (e.g. intengeethnography or observations)
research approach was used.

(b) A non-positivist approach was used mostly for inigeding the usage of
technology that requires in-depth exploration a&ruesxperience and issues.

(c) The choice of approach corresponds with the urdginaflysis. If the organization
is considered as a unit of analysis, the case sipgyoach is favored, while in
studies relating to large sample size, a surveyagmh would be more feasible.

(d) Selection of the approach is influenced by the tgbetheory and models
employed. In the case of a number of research hgga involved that require
collecting quantitative data and statistical analysr testing, the survey method
is the only appropriate research approach thabearsed.

(e) The sample size should be above 300 in performguyous statistical analysis,
such as principal component analysis (PCA) andipialtegression analysis.

Seeking the facts about the causes of adoptingdeaciples by upstream manufacturers
and suppliers demands identifying factors that @geran external influence on people,
including management, who make acceptance decjsaaodsindividual users who use the
new method in everyday work, aimed at concept gdization, here a positivist approach
is relevant, leading to explanatory studies whiefuire a quantitative research design
(Dwivedi, 2008; Remenyet al, 1998; Taylor and Bogdan, 1998). On the other hand
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aiming to study the phenomenon about the applicaiind implementation of RFID

technology in realizing lean principles for compEmin downstream supply chains, an

exploratory study leading to a qualitative reseadelign based on real-life settings is

useful to explore the user experience and circumsta with a case study method
(Dwivedi, 2008; Eisenhardt, 1989; Yin, 2009).

Quantitative Research Process
(The figure is adapted from Chen and Paulraj, 2004; Kaplan, 2000; Remenyi et al., 1998)
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2.4.2 Research Process

The quantitative research process (Chen and PaR0@4; Kaplan, 2000; Remenst al,
1998) inFigure 2.3 is adopted in the positivist part of the thesisagsess the research
model in association with the measurement methadl $htisfies the requirements of
reliability, validity and model fit respectively.hE theoretical research process, which is
commonly referred to as a ‘waterfall’ model, in ainithe flow found in many studies is
sequential and linear, seldom works out in pradticeuch a simple and straightforward
way (Remenyet al, 1998). Thus, a continuous improvement approaabaopted to assess
the measurement reliability and validity in orderensure that the target values of these
measurements can be obtained before the assessimesd on to the next stage. Also, a

similar procedure is performed on model estimatioased on the same principle.

The details of the research process are: Firstthbery, as represented by the research
model with the hypothesized relationships suppdoietthe literature review or established
theories, if any, is presented. If no supportingotly can be identified, grounded theory
(Glaser and Strauss, 1967) is used and empiricddieee is collected to establish directly
the concepts and relationships which will be corallim the theory (Remengt al, 1998).
According to Glaser and Strauss (1967), groundedrthis an inductive, theory discovery
methodology that allows the researcher to develdlpearetical account of the general
features of a topic, for example, the variables degcribe the causal relationships of topic
of interest, based on the empirical evidence. Nexsample is selected and measures are
obtained with the construct reliability and valydiested based on the methods provided in
next section. This is followed by the estimationnobdel parameters. At this stage, the
estimation model is obtained in which the goodnekdit is assessed, followed by
necessary modifications. Once the model is proweditt the findings followed by

limitations, implications and possibilities of carafing future study are discussed.

On the other hand, the qualitative research progesmenyiet al, 1998) inFigure 2.4is
adopted in the non-positivist part of the thesisyhich the initial steps includidgerature
review, assessment of the established theories and the use ofrounded theory are the
same as to the beginning part of the quantitatieegss. The steps aim at making sure the
information generated in these qualitative stegschvis referred to as the narrative that
describes the phenomenon or user experience, fisnfly explicit and generally

accepted by people in the field as relevant for rsearcher to be able to develop a
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workable and testable theoretical conjecture. Bessidexploratory studies can be
conducted with field experts for the purpose otiggtmore insightful information in the

topic areas for helping to pre-test the instrumemdsed for data collection and the
theoretical model before empirical generalization.

Qualitative Research Process
(The figure is adapted from Remenyi et al., 1998)
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Figure 2.4 Qualitative research process

2.4.3 Empirical data collection and assessment

() Data collection and measurement

Empirical research relies on the production anduaedation of evidence to support its
findings, and the collection of evidence is onethed important steps in achieving this
research strategy. According to Remaegtyal. (1998), the collection of evidence in relation
to the underlying concepts and paradigms shapesdatetmines the evidence that is

collected. Researchers need to obtain the relé&uachof evidence that is required in order
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to develop and test a theory in a quantitative ystutlich is then expressed in terms of
hypotheses for empirical generalizations, or expland understand a phenomenon
contextually in an qualitative study which may lodlected in a less instrumental way, for
example, by observations (Bryman, 2008; Gray, 28&tnenyiet al, 1998). As indicated

in Table 2.1, the kind of data collection methoddis associated with a particular research
strategy and the form of research questions irstihy, and survey research is used in a
guantitative study. The objective of such a quatitié study is to make generalizations
about the subjects’ behavior, attitudes and backgls, where structured interviews or
sending out questionnaires can be the kind of sunethod used for collecting evidence,
where self-administered or self-completed quesa@es are appropriate for large samples
(Bryman, 2008; Gray, 2004; Sanders, 2007).

Being one of the research team members in thenkienal Manufacturing Strategy
Survey (IMSS) (Lindberget al, 1998), the researcher works collaboratively vather
members in the research network for making sureptirciples were adopted in the
guestionnaire design and data collection proceSdes.empirical data gathered by the
researcher not only supports his two quantitatiueliss in this thesis, but is also shared
with other members for improving the questionnainel method of sample selection as
part of the research strategies. The questionmaitbe current study was designed to
reveal the multi-facets of manufacturing strategy @ractice. Data was collected from
participating countries. The participating companiethe sample consist of 20 countries
and 600 companies in the world, and the sampleactenstics are detailed in the two
guantitative studies. The companies are selectsedban their financial and competitive
strengths, with the ability to adopt a variety dfance manufacturing practices and to be
among the first to bring technological advancesoAthey are responsive to the market
through close collaboration with their suppliersupporting these capabilities. Hence, it
would be easier to compare them with their courtespin the other countries based on

these distinctive characteristics.

The method of collecting quantitative data is randsampling and phone contact is
followed. The questionnaires are forwarded to tigipating companies via mailing, fax
or on-site interview. Participating countries sémeir data to the research coordinator who
forwards the final database to all participantse@ponalization of research variables in
the study is based on the self-developed itemBeofjtiestionnaire and is substantiated by
the literature review. Multiple items are used teasure the research constructs. The
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researcher attempted to examine the items sidedeyveith the intention of enhancing
reliability of the measurement. All items are maasiby a five point Likert scale and the
corresponding measurements are detailed in Chapted Chapter 4. The questionnaire is
listed in Appendix A.

The qualitative study aims to explain end-usershglex behavioral intention in using
RFID technology for realizing lean services in tiséd and to establish valid and reliable
evidence used for identifying adoption factors It thew application. The qualitative
study helps in soliciting views from end-users amhagement on their experience of use
and behavioral intentions to accepting RFID tecbggl The inductive approach of the
gualitative study allows the design itself to ewgldevelop and unfold as the research
proceeds with the benefits of exploring new anchtingoated information to emerge from
participants (Bryman, 2008; Cassell and Symon, 2004e case study research method is
used due to its strength in likely generating ndkiebry and replicating or extending the
emergent theory (Eisenhardt, 1989). Besides, theatory nature of case study research
helps the researcher better understand and exgdanplex phenomena (Remersti al.,
1998; Saunderst al, 2007; Yin, 2009).

Aimed at understanding the respondent’'s point @ivygemi-structured interviews were
used in the field with front-line staff or custoreenvolved in using the technology and
those involved in making related decisions (e.gnagers). Triangulation was used to
improve the validity of the study (Yin, 2009). Thustaff members from end-user
departments, management and the contractors wheededervice and support for
RFID-based systems, were interviewed to compare a@ndrast the feedback from
different groups. Moreover, informal observationsrev carried out on site where the

researcher participated as a staff member or cestom

Based on Creswell's (1998) work, the following miew procedures were used to

conduct the study:

() The researcher contacted the organization to kervietved and asked for
permission to interview staff, representatives fraupplier and customers
randomly selected by the researcher;

(b) Once the names and contact information of the stdbjeere provided, the
subjects were contacted to set up the time andidocdor the one-on-one
interview;

27



(c) The customer who has experience using the RFIDntdoby or associated
systems was randomly selected on-site and, subsiyguaterviewed by the
researcher,

(d) Before the interview, the researcher gave a bxiplamation of how the interview
was going to be conducted and reminded the paatitgpthat the interview and
all the related materials would remain confidential

(e) During the interview, the researcher served ascawedlistener, interjecting only
to clarify a question or ask for clarification biet participant’s responses.

After the interview, the researcher thanked théig@pants for their time and participation
and asked them for permission to follow up via phamail, or in person, if there was a

need to.

(I Data analysis

Both quantitative and qualitative data analysishods were used to evaluate validity,
reliability and generalizability of the estimatés,sed on the empirical evidence collected
in the studies. Rigorous statistical methods aesl uis the positivist part of the thesis to
analyze the survey data, while content analysissexd in the non-positivist section for
analyzing the information generated in the qualieastudies. Following the development
of theoretical conjecture, the constructs of thepdilgeses are operationalized and
empirically tested in the positivist section. A qu@hensive quantitative data analysis
approach adapted from Chen and Paulraj (2004),ecoimg the assessment of research
constructs and theoretical models, is developedhrBe stage assessment process is
proposed to test the reliability and validity ofsearch constructs, and the fitness of

theoretical models:

Assessment of reliability

Reliability is frequently defined as the degreeafsistency of a measure. In the first stage,
Cronbach’s alpha method is used in reliability gsigl and alpha coefficient was created
for each construct. An alpha coefficient is typigalonsidered adequate if it exceeds 0.7
(Bagozzi and Yi, 1988; Chen and Paulraj, 2004; 6agh, 1951; Nunnally, 1978), and this
implies that similar results will be obtained orifelient occasions and the concern, is
therefore, with how replicable is the researchsiiRemenyiet al, 1998). Alpha value of

0.6 remained acceptable in exploratory researchiigwkms that contributed least to the
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overall internal consistency were the first to basidered for exclusion (Chen and Paulraj,
2004; Hairet. al.,1998).

Assessment of validity

In stage two, construct validity is examined in th@ntitative studies (Chen and Paulraj,
2004; Hairet al, 1998). Construct validity is the degree to witioh original constructs in
the theory section and the variables in the engligection align (Mayer, 2009). If these
two elements are strongly matched, then the stadynsidered to have high construct
validity. If, however, the theory revealed is disnected from the data analysis, then the
construct validity is low, as studies with low cbmst validity are not actually supporting
the theoretical relationships that they purpogxamine. Factor analysis is used for testing
construct validity. Since the number of constrinets to be determined prior to the analysis,
the exact number of factors to be extracted is eepeto be provided in the analysis.
According to Chen and Paulraj (2004), indicatoesnis will be discarded after comparing
their loading on the construct they were intendethéasure to their loading on other scales,
while nuisance items will also be deleted from ddeation in the study. Besides factor
loading, an important measure that is consulted factor analysis is the
Kaiser—Meyer—Olkin (KMO) measure of sampling adegyufor detecting if the data
factored well, which ranges between 0 and 1 wisha® minimum acceptable value, and
the greater the KMO value the more effective thetdiaanalysis is likely to be (Kaiser,
1974; Remenyet al, 1998).

Convergent validity and discriminant validity aretlh examined in the evaluation of
construct validity (Chen and Paulraj, 2004). Cogeet validity represents how well the
item measures related to each other in represeatiogncept (Swafforet al, 2008).
Factor loading exceeding 0.60 demonstrates goodecgent validity (Gyampah and
Salam, 2004; Hong and Zhu, 2006). Hatral. (1998) noted that factor loadings of
constructs are proportional to sample size andditter loadings for sample size of 350 or
above exceed 0.30, while factor loadings of 0.5%lmwve are significant enough in a
sample of 100 respondents, and the greater thermdspt number the lower the factor
loadings are needed. Last, but not least, discantiwvalidity occurs when measures of
each construct are distinct from one another (Cathgind Fiske, 1959). The model
demonstrates discriminant validity if the squaretrof the average variance extracted

(AVE) by each construct exceeds the corresponditeg-variable correlation (Fornell and
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Larcker, 1981). AVE is the average squared factading. AVE of less than 0.5 indicates
that on average, more error remains in the iteras ttariance explained by latent factor

structure imposes on the measure (Fornell and bar@éR81; Haiet. al.,1998).

Assessment of modd fit

In stage three, theoretical models containing aeseof hypothesized cause-effect
relationships are assessed for generalizability. fRodels having limited dependent
variables, multiple regression analysis (MRA) conm@s play, generally expressed as
Equation (2.1), wherex is a constanfiy is coefficient of x and x is an independent vadeab
and lastly,e is an error term. The approach obtains the expangpower of each
independent variable separately and the signifieariche hypothesized relationships for
determining the fitness of the proposed conceptualdel through evaluating the
significance of multiple correlation coefficienisg. R? and thep values (Pedhazur and
Schmelkin, 1991).

y=a+pBx+¢ (2.1)

Grounded in adequate samples and significant etiwalamong the constructs of interest,
the causal relationships among lean principles @alo@and its antecedents are evaluated
by using MRA. Adapted from Allison (1999) and Allenhal. (2009), a two step approach
of MRA is used to assess: (1) the goodness of gieds, and (2) the goodness of
coefficient estimates. In step one, the goodnegzrexdictions is assessed by testing the
significance ofR?, representing the degree of reduction in the ptiedh errors. Based on
Allison (1999), and Chen and Paulraj (200#)yalue between 0.28 and 0.3 is acceptable,
andF-test is followed to further test its significante.step two, the significance of tjge
weights in each predictor variable is evaluatedh ait-test for evaluating the goodness of
coefficient estimates.

For complex models with multiple dependent variabteeStructural Equation Modeling
(SEM) method is used to evaluate the causal ralships, in which the relationships are
described by parameters, that is, the path coeffisiindicating the magnitude of effect
that independent variables have on dependent Vesifédershbergest al, 2003; Joreskog
and Sorbom, 2003). By translating the hypothesizethtionships into testable

mathematical models, SEM offers a comprehensivéodefor testing the models against
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empirical data which is commonly referred to asdbefirmatory mode of SEM analysis
(Hershbergeret al, 2003). Based on Eye and Fuller (2003), KaplaB0(2 and
Hershbergeet al (2003), the models are generally described byséem of structural
equations which can be compactly written as:

y=a+By+I'x+{ (2.2)

To fix notation inEquation (2.2), letp be the number if dependent variables g the
number of independent variables. Hengds,ap x 1vector of observed dependent variables;
x is aq x 1 vector of observed independent varialidds,ap x 1vector structural intercepts,

B is ap x p coefficient matrix that relates dependent varialiteeach othel; is ap x g
coefficient matrix that relates dependent variabbeadependent variables, ahis apx 1
vector of error terms. Eye and Fuller (2003) nateat there are three popular software
packages available for SEM models, which are,phabetical order, Amos (Byrne, 2001),
EQS (Bentler and Wu, 1995) and LISREL (J6reskog&idbom, 1993). The established
hypotheses are tested with one of the softwaregumsk Insignificant paths are deleted
from the proposed model if it does not fit well ametested. A two-step process is adapted
from Hu and Bentler (1999) to test the model fiyeghich: (1) examines the significance
of path and measurement coefficients, and (2) exasnihe model fit by using multiple
criteria to evaluate model fit indexes for prediatiwhich include nonnormed fit index
(NNFI), and comparative fit index (CFI) rangingtndl (perfect fit) to zero (not fit), with
other descriptive fit statistics including chi-sggidy?), and root mean square error of
approximation (RMSEA) generated from the softwasmstly, the detail descriptions of

these model assessment statistics are givéalle B1 of Appendix B.

In the non-positivist section, qualitative contantlysis of the narratives of interviewees
and the text recorded in the observations on usiag services and RFID technology, is
used to extract the underlying attributes of usscgptions. Also, the method is used to
analyze the supporting literature by extracting ni@g, sorting categories and formulating
themes (Bernard, 2010; Carsatral,, 2001; Graneheim and Lundman, 2004). The findings
essentially represent experience and expectatoon the end-user perspective which are
compared and contrasted with the practical desighimplementation experience of the
product developer so that a realistic adoption @ggin can be developed. The adoption

factors are identified based on the findings. Troegss of the content analysis method is
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based on the steps adapted from Caesah (2001), Graneheim and Lundman (2004), and
Miles and Huberman (1994), which cover the follogvprocedures:

(a) coding the scripts obtained from the interviews;
(b) adding comments and reflections;

(c) going through the scripts to identify similar phess patterns, themes,
relationships, sequences, differences;

(d) summarizing and categorizing these patterns, caies,

(e) gradually elaborating a small set of generalizatitdmat cover the constancies
recognized in the data; and

(H linking these generalizations to a formalized boflknowledge in the form of
constructs or theories.

The findings obtained from staff members essegtiapresented experience and
expectation from user perspectives which can bepaped and contrasted with the data
obtained from other sources, e.g. customers andolisty so that a realistic
recommendation and conclusion can be drawn. Besidegesults will be used for not
only producing self-developed variables in the dgwaent of an instrument but also
possibly model building in the establishment ofotfetical conjecture that aims to create

new concepts, which is demonstrated in Chapter 3.

Examination of validity, reliability and generallzty remain as important quality
assurance procedures for non-positivist researchwhich the criteria developed for
positivist research designs are still applicablegrider to evaluate how well the research
will be acceptable to a critical audience of peard assessors or examiners, but given the
nature of non-positivist approaches to research, yrdsticks are therefore different
(Remenyiet al, 1998). According to Yin (2009), reliability andahdity should be
established for case study research, in which-paisting the questionnaire with experts in
a similar area can help enhance the reliabilityjevne validity issue can be resolved by
using multiple sources of evidence, for examplégigriangulation method is a way to
improve the validity of the studies. Lastly, thedmnce gathered from case study research
is not normally used to generalize into theoryt deals with more particularization which

is rather used in expanding, modifying and refinthgory, suggesting complexities for
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further investigation, as well as for revising tieoretical propositions outlined at the
beginning of the case study (Riddgral, 2009; Yin, 2009).

Based on the research design, in this thesis, eafaey studies on adopting lean principles
in manufacturing firms in upstream supply chain puesued for the first two studies, in

which SCI as antecedent of adoption in the causktionship is evaluated with a

guantitative research approach based on the emlpieicidence obtained from 558

manufacturers in 17 countries. On the other haxylpeatory studies on RFID technology

adoption in realizing lean services in downstreamppyy chain are conducted with the
organization as the unit of analysis. As in-depthleration of user experience on using
this emerging technology at the end-user touchtpagrelevant for the last two studies,
case study research on two business cases is aiseglore the adoption factors and
examine the organizational readiness effect on RFlementation.

2.5 Summary of literature review and methodology

In summary, the literature review suggests usingoimethods research that covers both
qualitative and quantitative methods, to study |peanciples adoption with reference to
firms’ supply chain position, as it concerns cnegtbusiness value in manufacturing
(upstream) and service operations (downstream)hwassociate with different types of
research questions. Upstream supply chain acBviaee characterized by supply
management and production which is where lean naatwing comes into play. SCI
integrates these value-adding activities as théshafsadopting lean manufacturing, in
which supplier integration as a specific contextS&! in the upstream supply chains,
addressing the demand generated at downstream. dlr@am supply chain activities at
the customer touch points reflect customer valhesugh efficient store execution and
appreciation of customer experience, and syncheoalizhe way back with the upstream
activities through the integrated mechanisms, fangle, e-kanbanand/or other IT
applications in the EMSC. No matter the antecedenthe causal relationships of lean
manufacturing adoption, or the adoption factorR&1D technology that realizes lean
services, the influential factors should be incogped into relevant organizational
strategies in order to properly align with the orad purpose of adopting lean principles
for operational improvement. Besides, understandire motivations of supply chain
stakeholders to adopt/reject lean principles cddlp better implement this innovative
practice in the firms along the supply chains. F§nat the end of the literature review,
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empirical research methods that are relevant toctireent study were reviewed for
establishing valid and reliable evidence, andngsthe generalizability of the theories for

a larger population.

The next four chapters consist of refereed jouanaties that have been published. The
first article has been published online by ltiernational Journal of Production Research
but the schedule on when it is going to be pubtishgpaper form is still not available. The
other three articles have been published in Ititernational Journal of Sustainable
Economy International Journal of Services Scienceand International Journal
Technology Intelligence and Planning both paper and online form. The first article
presents the analysis of the causal relationshipeam manufacturing adoption and
EMSC-enabled SCI, with particular focus on businesisie creation. Based on the first
article, the second article moves a step forwael/tduate the effect of supplier integration,
a specific context of external SCI, on the on-gaadgption of lean manufacturing. Both
studies identify the antecedents of lean adoptimough evaluating the technology
enablers of EMSC in upstream supplier chains. lditesh, the adoption was analyzed
based on three complementdty management competencies, i.e. system, technofayy a
people. The last two articles study the realizatblean principles in services with RFID
technology, a mobile technology that delivers crntavare applications, in retail and
services firms that represent the end-user touattgpm downstream supply chains. The
third article analyzes a successful case to idetitié adoption factors of this emerging
technology by exploring the user experiences acet subjects. A business value-added
framework that supports the lean improvement objestis developed based on these
factors. The final article conducts an analysia tdilure case in relation to adopting RFID
in library services for cost saving by streamliniogerations and improving customer
values through offering intelligent services. Hoeewser privacy in handling customer
information was exploited due to the change of work which reveals that
organizational readiness could be a critical fadgtoadopting innovative practices in

business. The issue was subsequently resolvedovatier remediation procedures.
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Chapter 3 AN EXTENSION OF IDT IN EXAMINING THE
RELATIONSHIP BETWEEN ELECTRONIC-ENABLED SUPPLY
CHAIN INTEGRATION AND THE ADOPTION OF LEAN
PRODUCTION

The first article was published in th@ernational Journal of Production Resear@o and
Sun, 2010a) and studies the relationship betwemtrehic-enabled SCI and the adoption
of lean manufacturing. As indicated in Chaptehg,research conducted by the first author,
i.e. the researcher, who is the sole investigdtbrsostudy, was fully funded by a research
grant at City University of Hong Kong managed bg tto-author. The first author is the
only research staff recruited with this fundingeTlan manufacturing adoption is studied
based on Buker (1991)s JIT implementation approathstreamlining processes,
executing pull production, empowering workforceg aestructuring supply strategy. With
reference to Rogers’ (1983) relative advantage @otci.e. the value of lean
manufacturing, as intermediate variable, a thecaktnodel is established to explain the
causal relationship, in which value is customegmied which represents reduction of price

and delivery speed, and business oriented inclugidgction of cost and inventory.

SEM was used to test the relationship that involvestiple dependent variables. The
results show that SCI, combing both organizationgdgration and supplier integration,
positively influences the value of lean manufactgiin the EMSC environment by making
the value stream flow in the supply chain and detee the adoption. Electronic
connectivity enables EMSC to execute interorgaimpat processes, integrate with
trading partner operations, moving them from orgation-centric supply chains towards
synchronized electronically-connected supply chaiaad form the basis of the
kanban-linked supply chain to support the custorpell initiative. Ohno (1998)

emphasized that process automation in lean manuiagtdemands individual skill and
teamwork of the workforce. Empowerment of the worké with this capability is

important for the implementation success of leanggles in establishing a fool-proof
production system. Here staff performance essénti@presents the value by the
perceived usefulness of lean manufacturing, anddbelts show that the bottom line of

manufacturers will be improved as a result of theggovements.
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These findings have not been discussed in any quevistudies on lean
manufacturing adoption, and further, the findingsggest that collaboration of
manufacturers and suppliers, through the joint stment of the EMSC, is essential as
representing the mutual commitment and benefitexaicuting the operations over this

common platform.
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An extension of IDT in examining the relationship letween
electronic-enabled supply chain integration and thedoption of lean
production

Abstract:

Lean is proved to be an effective tool for compameeimprove continuously and is widely
studied from both practical and theoretical perpes. However, most previous studies of
lean production are limited to internal operatioha company. The research in this paper
aims to explain the relationship between electr@mabled supply chain integration and
the adoption of lean production. A theoretical naslgh six hypotheses was proposed
based on the Innovation Diffusion Theory (IDT). Tinedel was empirically tested with
data from 558 manufacturers. The results show {hatiDT can explain lean production
adoption; and (2) electronic-enabled supply chategration positively influences the
perceived relative advantage of lean production @rsequently leads to its long-term
adoption. This study uses IDT to explain lean potidm adoption with the influence of
electronic-enabled manufacturing supply chain (ENMSIhe study also has practical
implication that may change the supply policy itufe practices, as companies may
require their suppliers to implement EMSC as pathe lean production requirements.

Keywords: EMSC,; JIT; manufacturing supply chain; kanbaanl@roduction
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3.1 Introduction

Bayou and Korvin (2008) simply defined, “to be leianto cut fat” which pinpointed
accurately the purpose of this contemporary manageéermhilosophy. Lean principles
preach simplification and elimination of wastefulopesses, which are applicable to
overly-complex and non-integrated organization psses that are inefficient and provide
little added value to customers. Becoming a leaerprise enables manufacturers to
improve throughput, reduce costs, and deliver shigmvith shorter lead times. Today,
manufacturers deal with more complex and longeplgughains, yet customers demand
higher product variety at lower cost and shortad|émes. Manufacturers realize that
non-integrated manufacturing processes and poatioeships with suppliers and
customers in the supply chain are inadequate. €ama Eenterprise cannot afford low
visibility or poor coordination across its globahmufacturing supply chain. New method
is needed for manufacturers to stay competitivetheir markets. Supply chain
management (SCM), a set of integrated approachps m@anufacturers improve the total
effectiveness of planning and operations from preent of raw materials to producing
and distributing the final products through betteordinating the use of resources in the
supply chain including systems, finance, peoplefanilities (Cooke, 1997; Rudberg and
Olhager, 2003; Simchi-lewet al, 2008). Extending lean principles from internadul
operations to SCM can leverage the supply chaorspetitiveness further with increased
responsiveness to demand change and reduced aperasits (Oliveet al, 1993; Ryan,
2001). With a global manufacturing supply chainalwng more participants today than
ever before and due to the fast moving global ntaakd capacity downsizing, managing
increasingly complex supply chain activities and nofacturing operations with
information systems becomes a burgeoning way tzedaan principles in manufacturing
(Hugos, 2003; Pagatheodrou, 2005; Bayou and Kodf8; Simchi-levet al, 2008).

An information system is a set of interrelated comgnts that collects (or retrieves),
processes, stores, and distributes informatioruppart decision making, coordination,
and control in an organization (Laudon and Lau@®®4). Information systems used in an
electronic-enabled manufacturing supply chain (EMS@clude the Internet and

Electronic Data Interchange (EDI) which enable dedasfer among manufacturers and
supply chain counterparts as well as Enterpris@&®ses Planning (ERP) systems which

underpin managerial planning and provide functibpalo summarize and analyze
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business information for supporting daily operasi@amd decision-making (Hartoeo al,
2007; Yacet al, 2007). Aiming to improve internal efficiency, digation of ERP systems
in manufacturing, particularly in production plangiand supply management becomes
wide spread (Kotha and Swamidass, 2000; SomerdNafgbn, 2003; Caglianet al,
2006). An EMSC offers lean manufacturers an enwremt with speedy data
communication and reliable information managemBuaigers (1983) contributed in the
diffusion of innovation research and defined diifus as the process by which an
innovation is communicated through certain chanoeés time among the members of a
social system. Information systems accelerate tifieistbn of lean production as
innovation across manufacturing supply chains. ldetie degree of information systems
diffused into manufacturing supply chains may iaflae the continuous development and

long-term adoption of lean principles in manufaictgr

The goal of this study is to provide manufactunerth insights on implementing and
adopting lean production in an EMSC environment.ndé¢e the adoption of lean
production is explored in two dimensions, i.e. EMB&gration and perceived relative
advantage of using lean production. In the forthiognsections, we present supportive
literature, establish a theoretical model on thapédn of lean production, empirically test
the model based on the survey data from 558 glwlaalufacturing firms in 17 countries,

and propose aspects that lead to better impleraantgroduction.

3.2 Literature review

3.2.1 Lean principles in manufacturing

Lean thinking start-off in manufacturing represegtithe meaning of “manufacturing
without waste”, and waste can be anything othar tha minimum amount of equipment,
materials, parts, and working time that are esakimi production (Taj, 2008). Creese
(2000) defines lean differently as “a manufactungiosophy to shorten lead times and
reduce costs by redirecting waste and improving leyee performance, skills and
satisfaction”. Lean production is essentially a ofanturing approach that includes an
integrated set of activities designed to achievghiolume flexible production
comparable to mass production but using minimatimeries of raw materials (Womaek
al., 1991; Hines, 1996; Wang, 2008).

Lean production was originated in Toyota with naffies/ota production system (TPS)”
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or “just-in-time (JIT)” manufacturing beginning dam 1960s (Wu, 2003; Bruun and
Mefford, 2004; Reichhart and Holweg, 2007; Taj, @00JIT manufacturing aims to
eliminate waste and improve production in a corgusiapproach such as having only the
required inventory when needed, reduction of leae$ by reducing setup times, queue
lengths, and lot sizes such that these activitiesaacomplished at minimum cost, and it
encompasses the successful execution of all manufag activities required to produce a
final product, from design, engineering to deliveagd includes all stages of conversion
from raw material onward (Cox and Blackstone, 20@@nsidering the ability to do more

with less, JIT manufacturing is referred as leardpction (Bozarth and Handfield, 2008).

There is no fixed practice for companies to follawbecome lean (Bayou and Korvin,

2008). Contemporary manufacturing practices inclgddIT, pull production system,

cellular manufacturing, standardization of manufdog process, lot-size reduction,

supplier networks, and workforce empowerment arec@hsidered as key approaches
(Bayou and Korvin, 2008; Hines, 1996; Pérez andcBén 2000; Wu, 2003; Taj, 2008;

Wang, 2008). However, researchers seldom adape tApproaches systematically to
perform evaluation on lean implementation in maowfang. Buker (1991) established a
structural JIT implementation approach which focus® three management areas to
systematically adopt JIT in manufacturing:

(i) Technology managementconcerns the implementation of a responsive priomiuc
system for JIT manufacturers. It involves improvemen existing manufacturing
processes through streamlining, reorganizing druesiring the layout and set-up, e.g.
using cellular layout, so that waste can be redacedresponse time can be minimized.

(i) People managementfocuses on the development of human capitals fipat
continuous improvement objective in JIT throughatirey proper work environment for
employees from the president to the hourly workewgrds this objective. This includes

empowerment and training of workforce or estabfigrautonomous teams.

(i) Systems managemenaddresses the effective distribution of parts araderials as

well as proper application of limited enterpriseaerces which may involve restructuring
supply strategy such as forming a partnership twaord with suppliers and establishing
pull production systems such that parts and masecan be produced on demand with

very short lead times.
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JIT is a production philosophy based on the elitmamaof all waste and on continuous
improvement of productivity which is synonymous lwitean production (Cox and
Blackstone, 2002). Buker (1991)’s JIT implementa@pproach can be adapted as the lean
implementation practice. Pull production approact kanban control systems are at the
heart of these efforts (Wu, 2003; Bruun and Meffd@04; Taj, 2008). Kanban uses a
simple signaling mechanism such as cue cards tlaerials or parts need to be
replenished, and all production and movement okneds are controlled by the cue cards
(Cutler, 2005; Bozarth and Handfield, 2008). Leaanofacturers today use kanban to
drive a process to make, move, or buy the apprepparts (Cutler, 2005; Taj, 2008).
Kanban becomes a fundamental building block of & n@plenishment system, while
implementing kanban linked-supply chain in a pulbquction environment enables
manufacturers to maintain low stock levels whiladtaneously improving the capability
to deliver (Wu, 2003; Black, 2007; Taj, 2008).

3.2.2 Lean production in an EMSC environment

Lean production concerns not only with internal ofacturing processes, but also with the
operation of the entire supply chain (Olietral, 1993; Yusuf and Adeleye, 2002). Having
conducted a global study on lean operation witHidk?-tier auto-component suppliers,
Ryan (2001) argued that employing supply chain rmfition systems might be an
effective method for manufacturers to reduce ingiregp supply costs and to enhance
buyer-supplier relationships through managing im@tion and communication in the
supply chain on a real-time basis. EMSC is a martufar centric supply chain in an
e-Business environment which comprises (1) intersapply chain coordinating
production management and organization functiomd,(2) upstream supplier network in

part of the external supply chain (Li, 2007).

An internal manufacturing supply chain includesefimajor organization functions: (1)

material management; (2) production; (3) supply ag@ment; (4) sales and distribution;
and (5) finance and accounting. According to Li(Q2)) ERP systems are used to
coordinate decision making in the internal supghgains through integrating the entire
company’s information system, process and stora thett cut across various functional
areas, business units and production lines. Aspalglchain information system, ERP
influences the way manufacturers manage their dgigrations by facilitating the flow of

information among all supply chain processes afra that accelerates internal process

41



integration and enhances job performance. Thiseagvath the starting point of the
concept of the TPS through improving the capabsitof workforce (Sugimorét al,
1977).

An upstream supply network consists of all orgatmre that provides materials or
services, either directly or indirectly to manufaatg firms. Manufacturers can often gain
a competitive advantage with e-procurement systélmeugh automating routine
procurement activities in the order cycle includmgchase order preparation, follow-up
and expediting, invoice and payment and record teaance (Bozarth and Handfield,
2008). E-procurement is a technology solution tfetilitates corporate buying. It
streamlines the purchasing process through pergatim traditional procurement steps
identified through re-routing the flow of informati and document over this common
platform with the added value of eliminating wagénerated in the paperwork (Presutti,
2003). An e-procurement system enhances the breakdd the traditional vertical
structure, and shifts management’s focus towardiztwtal processes and the
empowerment of individual employees in the supphaic (Neef, 2001). With an
e-procurement system, authorized employees of raatwrkrs can order parts and
materials directly from suppliers where transadi@ne conducted in conjunction with
other EMSC information systems including EDI, Extand the Internet (Pérez and
Sanchez, 2000; Bruun and Mefford, 2004; Li, 20@Iow control and replenishment of
materials are the key supply chain processes insfafter procurement. Kanban is a lean
production tool controlling material flow which extds the reach of manufacturers from
upstream suppliers to downstream customers (Bla0K,7). With the emergence of
information technology, manufacturers migrate fricemban to e-kanban on existing ERP
platforms with improved scalability which makeseisier to apply the replenishment
methodology to more and more suppliers by conngdbrEDI and the Internet (Bozarth
and Handfield, 2008; Waters, 2009). The integratibkanban and ERP offers the benefit
of combining the planning capabilities of ERP witte control capabilities of Kanban
which creates and maintains more accurate infoondtir implementing lean production
in the EMSC (Bozarth and Handfield, 2008). Lean afacturers can hence more tightly
integrate with their supply chain counterparts.

Nevertheless, there is a lack of rigorous empirgtably explaining the relationship of
supply chain integration with manufacturers’ peveei values of lean production, not to

mention revealing the influence of EMSC on the lbagn adoption of lean production.
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3.3 Theoretical model and hypothesis development

Basing on Buker’s JIT implementation approach (Buk€91), Li's EMSC model (Li,
2007), Rogers’ IDT (Rogers, 1983) and the belieh&upply chain information systems as
the enabler of supply chain integration basedtendiure review, an integrated model was
developed attempting to fill this gap through thevey with 558 manufacturing firms.

Supplier l@

4

Adoption of Lean
Production

Organization
Integration

Perceived Benefits

Electronic-enabled Supply Relative Advantage of
Chain Integration Lean Production

Figure 3.1 Theoretical model

Figure 3.1 shows that the theoretical model consisting ofr fmdlicating factors that

influences lean production adoption. The two-tiede examined the association of lean
production systems adoption with the perceivedikeadvantage of using this production
philosophy where the perception was influencedhieyréadiness of EMSC in the aspect of
supply chain integration. On this ground, six hyyesized relationships were developed

and are elaborated below.

3.3.1 The adoption and relative advantage of lean produan

Rogers (1983) emphasized that having a new ideptedloeven when it has obvious
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advantages, is often very difficult which may nolimtake quite a lengthy period and may
fail in the process of adoption. Implementing Igamciples in production brings radical
changes to not only the manufacturing operations,also other areas such as supplier
coordination, internal processes in various busingsts and even the day-today works of
all staff members in the company. Therefore, idginiy corresponding adoption factors
and finding ways to speeding up the rate of adoptiwat potentially influence the
adaptation outcomes is a manufacturers’ top pyioRbgers (1983) identified “relative
advantage” in IDT as a primary factor affecting tadoption of innovation where
economic benefit was used as the measurement fopaming the advantage of new
practice with a previous practice. Moore and Beabad@991) added “perceived
usefulness” as the second measurement where tieitwas carried from the studies by
Davis (1989) and Davist al. (1989) with the belief that innovative ideas coalthance
job performance. Hence, we adopt both “perceiveetfis” and “perceived usefulness” as

the measurement scales of relative advantage.

()  Perceived benefits

Perceived benefits are the anticipated advantagkeasf production to manufacturers

measured by economic profitability which was idied in previous studies as key factor

motivating adoption and use of new practices (Re&gE983; Moore and Benbasat, 1991).
It was argued that perceived benefits of adop®ehnology practices at the organizational
level were in many cases considered as the magtorfainfluencing top management’s

investment decision (Chweles al, 2001; Yacet al, 2007). Since an expected outcome of
adopting lean production is to improve bottom-liheough cost reduction, using lean has
anticipated advantage over the previous practiceg€lRs, 1983; Cox and Blackstone,

2002). This leads to our first hypothesis H1:

H1: Lean production adoption is positively associateth its perceived benefits

(I Perceived usefulness

Moore and Benbasat (1991) noted that Davis (198@erook a stringent instrument
development process resulting in this scale witenaval reliability in excess of 0.90.
According to Moore and Benbasat (1991), the scale widely adopted in measuring
relative advantages of accepting new ideas in tefod performance enhancement. Thus,

the scale was well substantiated in previous ssudliean production must be perceived to
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fulfill its intended purpose better than the precus if it is to be used and adopted (Rogers,
1983; Moore and Benbasat, 1991; Creese, 2000).efidrer perceived usefulness was
adapted as the scale to measure lean productigti@aoHence, H2a was hypothesized
as:

H2a: Lean production adoption is positively associabgth its perceived usefulness

By adopting lean production, improvement wouldibttie to the job performance of
manufacturing workforces and cost structures thmougducing waste so that
manufacturers’ overall productivity can be increhf&/omacket al, 1991; Creese, 2000;
Taj, 2008), which leads to improve economic berefis perceived by manufacturers
comparing to the previous practice (Rogers, 1988otd and Benbasat, 1991). Thus, we
hypothesized H2b as follows:

H2b: The perceived benefits of lean production is fpasdly associated with its perceived

usefulness

3.3.2 Electronic-enabled supply chain integration
()  Supplier integration

Supplier integration is an area of interest in ¢batext of e-business technologies. This
focus is motivated by the fact that manufacturimg$ typically spend 55% of earned
revenue on purchased products and services (Boaadgtfiandfield, 2008). Guimaraes
al. (2002) empirically examined the critical factaat account for the performance of
supplier networks. Their theoretical framework hymsized that supplier network
performance is positively influenced by the effeetiess of information technology used
and the depth of supplier integration. The emplitieaults support their hypothesis. More
recently, Caglianet al. (2006) conducted a study on lean production prestadoption of
425 manufacturing firms. The results showed tham lproduction adoption has a strong
association with the integration of informationvit® with external suppliers. In fact,
supplier integration is a major step of lean prdducimplementation strategy used by
many companies (Black, 2007). EMSC, a supply chiaifmastructure, enhances
information management of both manufacturers angplgrs that essentially helps

improve the performance of lean manufacturers énatspect of supplier integration. This
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leads to the following hypothesis:

H3: The degree of supplier integration using EMSC pesi affects the perceived

usefulness of lean production

(I)  Organization integration

The success of lean production implementation desyanhigh degree of integration of
manufacturers’ internal organization processesiiog all the classic business functions,
such as accounting, finance, purchasing, sales opauations as well as particular
production activities including material managemamd production planning and control.
ERP systems are designed to pull together alledetiunctions and activities into a single,
tightly integrated package that uses a common dathvhich facilitate end-to-end

information flow supporting lean production (Bozaand Handfield, 2008).

Caglianoet al!s (2006) study also showed that the adoption ah Iproduction practices
has a strong association with the integration fafrmation flows within the company. ERP
systems as part of EMSC enabling the integrationirdbrmation flow among

manufacturers’ internal processes, we expect aagppéan production helps improve

manufacturers’ workforce performance. Thereforea Més hypothesized as:

H4a: The degree of EMSC enabled organization integrapositively influences the

perceived usefulness of lean production

Grounded on Caglianet al. (2006), EMSC supported organization integration kfou

influence the manufacturers-suppliers integratioerahe same EMSC infrastructure.
EMSC can be a common platform that provides cant@ldatabase as well as information
hub for sharing of and controlling the flow of imfieation, among not only manufacturers’
internal processes but also their supply chain twparts in supporting the lean

production practice. Hence, we hypothesize H4b as:

H4b: The degree of EMSC enabled organization integrgpiasitively influences supplier
integration using EMSC

The preceding hypotheses were empirically testée fbllowing section provides the

details of research methodology.
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3.4 Methodology

3.4.1 Data collection and sample

The data sample for this research was derived filoen International Manufacturing
Strategy Survey (IMSS), a research carried out lgyohal research network aimed at
exploring practice and performance in manufactuang SCM (Lindberget al, 1998).
The project was initiated by London Business Schawdl Charlmes University of
Technology in 1992. According to Lindbezgal. (1998), the research network consists of
20 countries and 600 companies around the worldudmg developed countries, i.e.
USA, Japan, British, Germany, and developing coesti.e. China, Argentina, Mexico.
The participant companies in the sample operatedhen engineering industry and
manufacture metal products, machinery and inddsgigaipment (ISIC 38 classification).
The distribution of the sample by industry and doyrs shown inTables 3.1andTable

3.2 respectively. The total sample size of this stigd$58, with the average return rate
exceeding 35%. Manufacturers of metal productsaachinery represent over 80% of the
sample, while manufacturers in China, Germany bhadJS have the largest company size
with over 1000 personnel comparing to the average o 684 personnel. Among the 17
countries, US manufacturers represent about 21%hefsample and follow by Italy
(10.67%), Germany (10.12%) and China (9.75%).

I5IC Industry i Percent
381 Fabricated metal products 180 32 26%
382 hachinery except electrical 145 2599%
383 Electrical machinery apparatus, appliances and supplies 134 2401%
3584 Autormotive and transportation equipment &0 8.96%
385 heasuring and controling equipment 49 8.78%
Total 358 100.00%

Table 3.1 Industry distribution of the sample

The research reported in this paper was basedeodata from the third round of IMSS
survey. A questionnaire was designed by a spezaahtand then data were collected from
participating countries. The questionnaire wasdddi into four sections: (a) strategies,

goals, and costs, (b) current manufacturing arebnatiion practices, (c) past and planned
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activities in manufacturing, and (d) manufacturpegformance measures and indicators.
The respondent was generally the production managethe general manager. Data
collection methods varied from country to country.some countries, sample selection
was at the coordinators’ convenience, and othexrd temdom sampling. Telephone contact
was followed in most of the participating countriexcept for the Netherlands. The

guestionnaires were forwarded to participating canms via mailing, fax or on-site

interview. In those countries where English is ns¢d, the questionnaire was translated
into local native languages. Participating coustsent their data to the coordinator who

forwarded the final database to all research ppatids.

Country cample size Awerage size (Mumber of employees) % of sample
Argenting 14 281 1.04%
Australia 40 253 2 BB%
Belgium 19 351 1.92%
Brazil 35 579 5.37%
China 30 1227 89.75%
Croatia 35 560 5.19%
Denmark 38 347 4. 00%
Germany 32 1134 10.12%
Hungary el adh B5.38%
Ireland 32 377 3.20%
Italy B0 671 10.67%
Metherands 14 207 077 %
Morway 51 161 2.18%
Spain 20 G54 3.52%
Sweden 19 G445 3.25%
United Kingdam 47 adk B.B0%
LISA 14 5705 21.16%
Total 558 676 100.00%

Table 3.2 Geographic distribution of the sample

3.4.2 Measurement development

Operationalization of research variables in thiglgtwas based on the self-developed
items derived from section (b) current manufaciyand integration practices, and section
(c) past and planned activities in manufacturinjth@ IMSS questionnaire and was
substantiated by the related studies in literatesgew. Multiple items were used to
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measure the research constructs. The researchermptd to examine the items
side-by-side with the intention to enhance religpbdf the measurement. For example, use
of information systems for supplier integration wasamined from both supplier’s
perspective and manufacturer’s perspective in otdeavoid bias result, and same
approach was used when measuring other itemsteis were measured by a five point
Likert scale with 1 indicating “none” or “not impant” and 5 indicating “high” or “very
important”. On the ground of IDT (Rogers, 1983Y), ihplementation model (Buker, 1991)
and the related studies in literature review, weotlzed that electronic-enabled supply
chain integration has positive effect on the re&atadvantage of lean production which
positively influences the ongoing adoption of lgamduction. Hence, corresponding
measurements for lean production adoption, reladisheantage of lean production and
readiness of electronic-enabled supply chain iatemn were identified.Table 3.3

summarized all the constructs with their corresjrogdariables.

()  Measures for the adoption and relative advantage déan production

Since successful innovation diffusion is about tbhatinuous use of an idea once it is
adopted as practice (Rogers, 1983), our study an lgroduction systems adoption
concerns long-term use of supply chain informasgstems by manufacturers and their
supply chain counterparts. Figure 3.1, the dependent variables are associated with the
continuous adoption of lean production which wa®raponalized as manufacturers’
intention of use in the long-term and was measbgsethe extent of using lean for at least

three years practice as proposed by Bayou and K¢2@08).

Manufacturers’ intention of investing in lean pratlan is justified by the relative
advantage of lean production which concerns twosonreanents. They are: (1) “perceived
usefulness” measured by the level of using leadymtion in the last three years; and (2)
“perceived benefits” measured by economic returnckviwere operationalized as the
pay-off of using lean production in the last thyears. The two measurements of “use” and
“benefits” were adapted from Moore and Benbasa1).9%nd Rogers (1983), respectively,
while lean production was measured based on BUl@g1)’s JIT implementation model
which emphasizes four management philosophiesre@jucturing supply strategfor
coping with the agreed efficiency targets by sharihe information of material
management, inventory and forecast with supplredicing the number of suppliers and
investing in supply chain technologies; (&)plementing pull productiobased demand
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driven principle for better addressing customerdsea the downstream supply chain; (3)
process focus and streamlinifigy simplifying complex operations; and @npowerment

of workforcefor streamlining operations and decision procesHes adoption and relative

advantage of lean production was evaluated basedese four philosophies. Basing on
Rogers (1983), the benefits of these changes can b observed if they are used
substantially, which substantiate Bayou and Kosvi(R008) argument on extended
measurement of lean production. Thus, the threestnmts, “perceived usefulness”,
“perceived benefits” and “lean production adoptiovére operationalized into these four

dimensions and were measured by a 5-point Likelesa a three years period.

(I Measures for electronic-enabled supply chain integtion

The independent variables measure the degree ofraie-enabled supply chain
integration. It represents the extent of informatgystems diffusion in manufacturing
supply chain integration in supporting the adoptafnlean production as innovation
(Rogers, 1983). Based on the literature review, ERP system is the enabler of
organizational integration and an Extranet/EDIaysis the enabler of supplier integration.
Hence, the variables are operationalized by meaaguhe extent of using information
systems in two aspects, namely: (1) extent of u&irganet/EDI systems in “supplier
integration” on the upstream manufacturing supgigic; and (2) extent of using ERP

systems in “organization integration” related toguction and various management areas.

The variables that measure area (1) include babhextranet/EDI systems invested by
manufacturers, and (b) extranet/EDI systems indelsyesuppliers. Basing on Li (2007),

the measures of area (2) were operationalizedvm fnanagement areas: (a) material
management; (b) production planning and contrdlsées and distribution management;
(d) purchasing and supply management; and (e) atioguand finance management.

Likewise, all variables of the two constructs wereasured by a 5-point Likert scale.

3.5 Data analysis

A two-stage data analysis approach was used tgzn#ie measurement model and the
structural relationships among latent constructad@son and Gerbing, 1988). First,
reliability and validity of the constructs were assed, which included a combination of

methods. In the second stage of the analysis tatal@quation modeling was used to test
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the proposed theoretical model.

Factor Loading
Measures 1 P 3 4 5

Electronic-enabled Supply Chain Integration
1 Supplier Integration (o= 0.818)
Extranet/EDI for suppliers 0.921
Extranet/EDI for manufacturers 0.921

2 Organization Inteqgration (o = 0.897)

ERP far material management 0.906
ERP for production planning & contral 0.793
ERP for purchaszing and supply managerment 0.779
ERF for sales and distribution management 0.893
ERP for accounting and finance 0.838

Relative Advantage
3 Perceived Usefulness (o= 0.773)

Restructuring Supply strategy 0.713
Irmplementing Pull production 0.792
Obtaining Pracess focus & streamlinng 0819
Empowerment of workfarce 0.754

4 Perceved Benefits (o = 0.687)

Restructuring Supply strategy 0671
Irmplementing Pull production 0.752
Obtaining Process focus & streamlinng 0774
Empowerment of workfarce 0672

Adoption of Lean Production
5 Intention of Use (o =0.724)

Restructuring Supply strategy 0.761
Irmplementing Pull production 0.763
Obtaining Pracess focus & streamlinng 0.7s0
Empowerment of warkfarce 0.642
KD 05 0.858 0.760 0.724 0.736

Table 3.3 Results of factor analysis and reliapdibalysis

3.5.1 Reliability and validity

Cronbach’s alpha model was used to perform reitgl@halysis and alpha coefficient was
generated for each construct. An alpha coefficierypically considered adequate if it
exceeds 0.7 (Cronbach, 1951; Nunnally, 1978, Fbamel Larcker, 1981; Bagozzi and Yi,
1988; Nunnally and Bernstein, 1994; Chen and Pag@34). The constructs with an alpha
value of at least 0.6 should be further evaluatedife possibility of improvement (Chen
and Pauley, 2004Yable 3.3shows that the alpha coefficient of the constractsin the
acceptable range between 0.7 and 0.9, ex@sptcéived benefitvhich is slightly smaller
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than 0.7, i.e. 0.687. The reason may be in parttdugew questions, which were not
presented in previous editions of the survey. Tioeee we consider the reliability of this

construct is still established.

Exploratory factor analysis (EFA) using principabngponent analysis method was
employed for testing construct validity. The Kaiddeyer—Olkin (KMO) measure of
sampling adequacy, which ranges between 0 and<s used to detect whether or not the
data factored well before the factor analysis. W@ inTable 3.3 the KMO value ranges
between 0.5 and 0.858 which is greater than orléquhe minimum acceptable value of
0.5 (Kaiser, 1974).

Both convergence validity and discriminant validitgre examined. Convergent validity
represents how well the item measures related ¢h ether in representing a concept
(Swafford et al, 2008). The presence of significant factor loadindemonstrates
convergent validity (Anderson and Gerbing, 1988)e Tactor loading of constructs is
directly proportional to sample size and the faddading for sample size larger than or
equal to 350 exceeds 0.30 (Heiral. 1998). It is generally acceptable that if the eadu
factor loading is greater than 0.60 (Gyampah andn$a2004; Hong and Zhu, 2006). All
factor loadings shown ifable 3.3demonstrate desirable convergent validity withueal
over 0.60.

Correlation and AVE

AVE 1 2 3 4 5
1 Supplier Integration 0.5482 0.921
2 Organization Integration 07112 0214+ 0.843
3 Perceived Usefulness 0.5959 0.433% 0.351* 0.772
4 Perceved Benefits 0.5166 0.343* 0165 0.745% 0.719
5 Intention of Use 05478 0.331™ 0245 0.616™ (.542% 0.740

= p=0.01

Table 3.4 Correlations and AVE

Discriminant validity occurs when measures of eaohnstruct are distinct from one
another (Campbell and Fiske, 1959). The model detnates discriminant validity if the

square root of the average variance extracted (AW§E)each construct exceeds the
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corresponding inter-variable correlation (Forngltld.arcker, 1981). AVE is the average
squared factor loading. AVE of less than 0.5 inisahat on average, more error remains
in the items than variance explained by latentdiastructure imposed on the measure
(Hair et al, 1998). The overall results fable 3.4show reasonable discriminant validity.
Therefore, we conclude that the scales should saffecient construct reliability and
validity. In addition, the values of Pearson’s etation coefficient among the constructs
below the diagonal of the matrix are all significan the p = 0.01 level. We noted that
significant correlations exist among all variabiesich suggest this to be considered in

subsequent analysis on testing the hypothesizatimeships and model fit.

3.5.2 Fitness of estimation model

TheStructural Equation ModelinSEM) method was used to test the proposed thealret
model (Jéreskog and Sérbom, 2003). Six hypothesse wimultaneously tested using
SEM. Insignificant paths were deleted from the ps®d model if it did not fit well and it
was then tested again. A two-step procedure isvi@tl to evaluate the model fitness (Sun
et al, 2008): (i) we first examine the significance atlpand measurement coefficients; (ii)
the whole model fit is then examined by using nplaticriteria based on Hu and Bentler
(1999).

Hypothesis Path from Path to Path Coefficient  Supported

Relative Advantage of Lean Production — Adoption of Lean Production (Model 1)

H1 Perceived Benefits Adaption of Lean Production 0.417+ Yes
HZa Perceived Usefulness Adoption of Lean Praduction 0271 Yes
Hzb Perceived Usefulness Ferceived Benefits 0.833 Yes

Electronic-enabled Supply Chain Integration — Relative Advantage of Lean Production (Model 2)

H3 Supplier Integration Perceived Usefulness 0.382% Yes
Hda Organization Integration Perceived Usefulness 0.275% Yes
Hib Organization Integration Supplier Integration IR Yes
=+ p=0.001

Table 3.5 Results of estimation structural model

Becausey? is sensitive to sample size and, due to our Ilaageple size, an alternative of

53



normed Chi-square X*/d.f.) is used to assess the model fit (Hu and IBent999). In

addition, non-normed fit index (NNFI), comparatiiteindex (CFI) and root mean square
error of approximation (RMSEA) were also used. Gaitye NNFI value above 0.9, CFlI

value above 0.9, RMSEA value below 0.05 are reghesdea good fit. RMSEA between
0.05 and 0.08 (Browne and Cudeck, 1993) can beptaide. For normed chi-square,
Carmines and Mclver (1981) recommended the valdedsethan three.

The model was tested with SEM method in the AMO® &6ftware (Byrne, 2001Jable
3.5 shows that all the paths are significant with 98Q. which imply that all hypotheses

are significant. The model fit indexes are withateptable thresholdsy®/d.f.=1.448<3,
NNFI=0.988>0.9, CFI=0.997>0.9 and RMSEA=0.028<0.Dige results indicate that the

goodness of fit of the model is acceptable.

Independent variables Dependent variables

Adoption of Lean Production
(Perceived Usefulness, Perceived Benefits) R*= 0437, F =112.161 [p = 0.001), n = 292

Perceived Benefits
(Perceived Usefulness) R: = 0.702, F = 690.221 [p < 0.001), n = 295

Perceived Usefulness
{Supplier Integration. Organization Integration) R =0.267, F = 47.535 {p < 0.001), n = 264

Supplier Integration
{Organization Integration) R*=0.045, F =13.335 |p = 0.001), n = 285

Table 3.6R? andF-values of the estimation model

The explanatory power of the model was then telsfeevaluating the significance &f
(Pedhazur and Schmelkin, 1991). The approach en#idestudy to obtain the percentage
of variance explained by each independent varsdparately as well as the significance of
the hypothesized relationships. The significancBofvas tested with aR-test (Allison,
1999; Allenet al, 2009). As summarized ifable 3.6 theR? values of supplier integration,
perceived usefulness, perceived benefits and amopii lean production were all

significant. This implies that the explanatory powéthe estimation model is sufficient,
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providing further support for the hypotheses.

3.6 Discussion and implications

3.6.1 Electronic-enabled supply chain integration

We theorized that electronic-enabled supply chategration positively influences the
relative advantage of using lean production systémsdel 2 inTable 3.5. EMSC
integration is measured by the extent of infornrasgstems being used in relevant supply
chain activities which reveals the degree of infation systems diffusion. Two aspects of
supply chain integration are benefit most from @gepformation systems diffusion, i.e.
organization integration (internal supply chainflaupplier integration (external supply

chain) which highly demand automated informati@mwflat both speed and quality.

Two endogenous functions and associated variabledectronic-enabled supply chain
integration were tested. According to the testltesperceived usefulness was found to be
significantly influenced by supplier integration3H=0.382 at p<0.001) and organization
integration (H4a:$=0.275 at p<0.001) resulting in d&¥=0.267. This means that the
combined effects of supplier integration and orgation integration explained 26% of the
variance of perceived usefulness. Supplier intemravas also found to be influenced by
organization integration (H4I3=0.212 at p<0.001) and resulting inf@¥0.045. We have
further tested the predictability of the functioriwF-test (Allenet al, 2009) and obtained
results significantly greater than the criticalual The arguments are fully supported by

the empirical results and we have the followinglings.

First, the test results of H3 and H4a suggest¢batextualizing EMSC in supply chain
integration is important to implement lean prodaoctin a supply chain environment.
Practically speaking, supply chain activities canggy decision support and transaction
processing are readily supported by the informagigstems for lean production (Bozarth
and Handfield, 2008). For example, e-kanban andiefit consumer response (ECR)
driven by ERP/EDI systems extend JIT/lean productilmng the supply chain that force
manufacturers and suppliers to work collaborativelyard lean objectives (Waters, 2009).
The empirical results imply that implementing lganduction in EMSC help improving
manufacturers’ operation efficiency through theegration of end-to-end supply chain
information flow. Both manufacturers and supplibi@ve to participate and invest in
EMSC to make things happen.
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Second, the test results of hypothesis H4b inditze the two integration dimensions
supported by EMSC are significantly correlated. WEMSC in place, organization
integration has significant positive influence ampglier integration which indirectly
influences the perceived usefulness of lean praoalucWith the presence of EMSC,
end-to-end e-kanban replenishment signaling systambe implemented with signals
traversed between upstream and downstream of tmeife@uring supply chain. This
helps extending the value stream of lean productigstems from manufacturers to

suppliers which creates a win-win situation (Womanok Jones, 1996).

3.6.2 Relative advantage of lean production

We theorized that manufacturers’ perceived relasigeantage of using lean production
systems positively influences their long term adwp{model 1 inTable 3.5. By the same
token, the endogenous functions and associateablesiin lean production adoption were
tested. First, the adoption of lean production feamd to be significantly influenced by
perceived benefits (H1p=0.417 at p<0.001) as well as perceived usefulrfeia:
=0.271 at p<0.001) resulting in &3=0.437. This means that the combined effects of
perceived benefits and perceived usefulness exqua#B.7% of the variance of the
adoption. Also, perceived benefits was found taigeaificantly influenced by perceived
usefulness (H2l3=0.838 at p<0.001) and resulting inE&*x0.702. Our study shows that
the empirical results strongly support hypothesgésH?a and H2b. Therefore, we have the
following findings.

EMSC, as the pipeline of information exchange amabéer of information integration for
a manufacturing supply chain, is capable to extiedvalue stream of lean production
such as reducing lead time, inventory and operatiosts, beyond the four walls of
manufacturers. This information management capalabds values to suppliers who
provide manufacturers with parts as well as custem#o purchase finished goods from
manufacturers (Bozarth and Handfield, 2008). Hypséis H1 and H2a suggest that this
capability causes a positive effect on the percknetative advantage of lean production

which influences the long-term adoption of leanduaion philosophy.

Last but not the least, the empirical results gbdiesis H2b imply that having job
performance improved by adopting lean productiostesys, would bring economic
benefits to manufacturers and reinforce its longit@doption. Most importantly, the
results suggest that the bottom-line of manufacsumnight be improved if the
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implementation of four proposed lean productiomgples: (1) restructuring supply
strategy; (2) implementing pull production; (3)estmlining manufacturing process; and (4)

empowerment of workforce, achieves results.

3.6.3 Implications and related cases

Our model revealed that supplier integration iInEAMSC environment has significant
positive effect on the relative advantage of leaydpction systems with the participation
of and investment from both suppliers and manufacsuH3:3=0.382 at p<0.001) which
is an important antecedent of lean production systadoption (H2g3=0.271 at p<0.001).
Hence, manufacturers may restructure their suppigtegies such that only those
companies who participate and invest in EMSC caotme their suppliers. This approach
has been adopted by the industry for better suimgodizable operation improvement
programmes. Two cases are presented to illustoateshpply strategy can be restructured

based on supply chain enabling technology in suppplean principles:

(1) Wal-Mart , an US retailer, strictly required its top 100 gligrs to implement radio
frequency identification (RFID) technology on thipplies at pallet level and case level for
operation improvement since 2005. This lean inv@tessentially realizes the “pull”
approach through sending real-time inventory datanfindividual store to suppliers.
Working together, Wal-Mart and its suppliers use data to improve replenishment with
out-of-stocks reduced by 16% by tracking cases ajdg with RFID tags carrying
Electronic Product Codes (EPCs). In addition, ttata enables suppliers to measure the
execution of promotions and boost sales whichhsraefit to both parties (Roberti, 2004;
2005; 2007).

(2) Pratt & Whitney (P&W) , a US manufacturer, engages in the design, matouésand
service of aircraft engines, space propulsion systand industrial gas turbines. P&W
reduced the supply cost at 20% in four years thidhg implementation of lean principles
to its small machined parts supply network. As @drP&W'’s lean supply strategy, all
suppliers have to upgrade their network and so#iwso that they can exchange the
information of cost, delivery, quality, master puation schedule and surplus equipment as
well as other valuable data with P&W promptly whibklps establish and reinforce
performance expectations. The suppliers were eteduand scored based on the
performance (Emiliani, 2006; P&W, 2009).
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With the capability of sharing critical busines$ommation and conducting transactions
with suppliers in a timely manner over a commontfptan, the key lean production
principles: (a) improving material and informatidlow; (b) customer pull; and (c)
continuous improvement, can be realized by cred#iag suppliers (Womagkt al, 1991;
Womack and Jones, 1996). Moreover, this helps naatwfers not only to extend the
values of new practice to their suppliers but adsestablish a closer supplier relationship

in the long run.

3.7 Limitation of the study and future research

Like most research, there are a few limitationgha&f study. This study evaluates lean
principles and SCM integration from the standpoirh manufacturing company (the firm
in the midstream of EMSC). The constructs are rmudr@priate for distributors and
retailers (the firms at the downstream of EMSC)eash construct includes one or more
production centric items. Due to the concept of SG&Ing complex and involves a
network of companies in the effort of producing aladivering a final product, our study
does not involve the downstream companies in theufaaturing supply chain. Besides,
we should note that the implementation of lean pctidn in a supply chain environment
may be influenced by contextual factors, suchras §ize, a firm’s position in the supply
chain, and experience involved in the use of leamlation to various EMSC systems and
technologies. For example, the larger manufacturesgally have more complex
organization structure and supply chain networkEwhormally demand more systematic
processes, peoples with relevant experience angretransive information systems to be
in place for managing works that are becoming noam@plex and also changes in the
transition to a new practice. Future research tagyshe impact of such factors on the

implementation of lean production.

The use of single respondent may generate somaineeasnt inaccuracy. Future research
should survey multiple respondents (SCM & logistidsand operations managers) from
each organization. Hence, the discrepancies of @Ml lean production perception
between the groups and the impact of such discoggsman overall result can be examined.
In addition to the time and cost of operation as ithportant measures of lean success,
some lean practitioners propose customer satisfaets an alternate measure (Plenert,
2007). On this ground, future study can comparéooosr relationship management (CRM)
against supplier integration in the EMSC environtribat influences the adoption of lean
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production. The empirical results will help inteting manufacturers’ upstream suppliers
and downstream customers towards lean manufactobjegtives. Also, measures on lean
practice in other human aspects such as relatipmsanagement can be investigated in the
future study so that manufacturers will know if pkxs capabilities can be improved. This
is the value that TPS originally advocated (Suginebal, 1977).

3.8 Contributions and conclusions

The study contributes to both theory and prachaest, this study combines Rogers’s IDT
and Buker’s JIT implementation model with the atites of EMSC integration basing on
previous studies, and proposes a new hybrid mod®tplain lean production adoption in
an e-supply chain environment. Second, the atggof perceived relative advantage of
lean production were derived from IDT. The empiriesults demonstrate that IDT can
explain lean production as management practicedegsiechnology adoption. Lastly,
perceived usefulness and perceived benefits hagniicant combined effect on lean
production adoption with an explanatory poweR&£0.437 in which perceived usefulness
was found to be an important antecedent of perdevemefits (H2bf=0.838 at p<0.001)
with an explanatory power d®=0.702. Hence, perceived usefulness representiag t
attributes of job performance enhancement expldnes beneficial consequences of
adopting lean production as innovative practicel has the implications of improving
manufacturers' anticipated bottom line (Rogers3188&vis, 1989; Moore and Benbasat,
1991). The attributes can be adapted in strateggldement for adopting lean production
as a sustainable practice.

In conclusion, the study addresses two fundamentatktions on the adoption of lean
production: (1) “what causes manufacturers to piclean production systems?”, and (2)
“how do these factors affect the acceptance of Fraduction systems?” To answer the
guestions, a theoretical model was developed ttoexparious adoption factors of lean
production. Two indicative dimensions were idestifthat influence the adoption, namely,
the readiness of EMSC for supply chain integratonl the relative advantage of lean
production. Six hypotheses were developed for tlielehand were all proved to be
statistically significant. Thus, the continued depeent of EMSC enabling technology
and information systems, e.g. RFID, e-kanban or CRMxpected to motivate and
facilitate further theory development and empiricalestigation in lean production and

manufacturing supply chain integration.
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Chapter 4 ADOPTING LEAN PRINCIPLE AS SUSTAINABLE
MANUFACTURING STRATEGY IN AN ELECTRONIC-ENABLED
SUPPLY CHAIN ENVIRONMENT

The second article was published in the Internatidournal of Sustainable Economy (So,
2010). It is an extension of the first paper andd&s the causal relationship between
supplier integration strategy and adopting leangpples in manufacturing firms based on
the same empirical data set used in the first patiin. The study extends the lean
principles further to upstream suppliers basedemiork of Lewis (2006) who argued that
adopting relevant supply strategy based on leancipies can remove Ohno’s (1998)
wastes from the system. Supply management is eegdcut demand driven (i.e. customer
pull) supply chains through better coordinating enial flow, inventory and production

planning (Buker, 1991). Hence, the value strearteah manufacturing systems can be
extended to suppliers and creates mutual bendfg. findings suggest that lean supply
strategy aiming at supplier integration can be bdistaed by measuring supplier’s

information management capability and the use dicpdased supplier selection by

adopting EMSC-enabled lean manufacturing. Therlatfers manufacturers and suppliers
with information sharing and e-business functionssupporting speedy and reliable

information exchange in the supply chain.

The research suggests four measures to study t@iesuintegration effect on lean
adoption: (1) the suppliers’ delivery performan¢2) the suppliers’ ability to provide
innovation and co-design support, (3) the suppheitingness to disclose cost and other
information, and (4) the suppliers’ historical merhance. These four measures concern
the essential supplier quality to meet the leareabjes which are used as the supplier
selection criteria in the supply strategy. Alsce fimdings agreed with Roger’s (1995)
innovation diffusion theory (IDT) that on-going aumn of lean manufacturing as
sustainable strategy is a long term commitmentdare structural decision process from
understanding, persuading, accepting, and impleatient to confirmation of adoption.
The results suggest that supplier-manufacturemlootiation can only be sustainable if
supplier integration strategy is developed for propselecting and developing suitable
suppliers capable of supporting lean manufacturikg.a result, manufacturers may

restructure their supply strategies such that éhbse companies that participate and
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invest in EMSC can become their suppliers.
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Adopting lean principle as sustainable manufacturiig strategy in an
electronic-enabled supply chain environment

Abstract:

This paper empirically examines the influence @nlesupply strategy implemented in
electronic-enabled manufacturing supply chains (E¥&n lean manufacturing adoption
in a sustainable manner. Adopting lean manufagjuoiiten not only requires a lengthy
period but also involves a prolonged decision pgecghich makes sense to identify the
antecedents for improving decision-making. Theuigifitial factors including information
sharing and use of e-business system in suppliggration together with lean
performance based supplier selection were testidstatistical methods based on survey
data. It was found that lean manufacturing adopisopositively influenced by all these
factors. Moreover, the results revealed that martufars may commit ongoing use of lean
principle only if it has been adopted as regulacpce. Lastly, managerial implications
and future research were discussedalleviate practical concerns in the execution of
waste-reducingean supply strategy and to explore the potentfabeveloping reverse

logistics on this platform

Keywords: EMSC; electronic-enabled manufacturing supply ichananufacturing

supply chain; lean manufacturing; sustainability
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4.1 Introduction

Sustainability constitutes of environmental, sqcald economic dimensions in which
waste management is one of the major challengewydlre three dimensions (United
Nations, 2005). Ohno (1988) identified seven kinflsraste that need to be controlled in
manufacturing, and they are (1) overproduction, t(ahsportation, (3) inventory, (4)
motion, (5) defects, (6) over-processing, and (&iXiwg. These seven wastes represent the
most commonly wasted resources and their assoorasteful manufacturing activities
which do not add value or are unproductive, fornepie, mistakes which require
rectification, production of items no one wantdlsat inventories and remaindered goods
pile up, processing steps which are not neededement of employees and transport of
goods from one place to another without any purpgsmips of people in a downstream
activity standing around waiting because an upstraetivity has not delivered on time,
and good and services which do not meet custoneglsn@/omack and Jones, 2003). The
last activity, that is, not meeting customer neegresents the eighth waste in
manufacturing. These wastes can be primarily dladsnto two categories, that is, waste
in form of resources (raw materials, WIP, etc.} tr@ transformed in manufacturing and
transforming resources such as people, procesadkegy, facilities, etc (Lewis, 2006).
Each of these wastes corresponds to some folwssfn value such as loss in material,
factory, and equipment utilization, time, man-hoarsd dollars that companies must
ultimately pass to their customers which is esaiptavoidable (Ruffa, 2008).

As one of the manufacturing best practices, leamcimle preaches simplification and
elimination of wasteful processes, which is apjfiieato overly-complex and
non-integrated processes that are inefficient ansige little added values. To be a lean
enterprise enables manufacturers to improve thiowigheduce costs and wasteful tasks,
and deliver shipment with shorter lead times so lttesescaused by the eight wastes can
be avoided. Basing on the longitudinal studies amopean manufacturing industry,
Bhasin and Burcher (2006) argued that lean manuwifagtcan help reduce waste by 40%,
cut costs by between 15% and 70%, decrease spdaavamtory requirements by 60%,
push productivity up between 15% and 40% whilstiegtprocess changeovers by 60%
which show the potentials of lean as sustainaldetime. Besides, it may offer significant
competitive advantages to manufacturers as eamyptads. Today, manufacturers are

dealing with even more complex and longer supplgirth than ever (Cooke, 1997;
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Rudberg and Olhager, 2003; Simchi-leti al, 2008). Extending lean principles from
manufacturing to supply chain management (SCM) lemerage the supply chain’s
competitiveness further with increased responsis®erie demand change and reduced
operating costs (Oliveat al, 1993; Ryan, 2001). EMSC, a specific kind of egyghain

in manufacturing, offer lean manufacturers an aemrment with speedy data
communication and reliable information managemehitivmay influence the continuous
development and long-term adoption of lean prirgpin manufacturing (Li, 2007;
Rudberg and Olhager, 2003).

Lewis (2006) argued that lean manufacturing reddicedevel of input resources in the
system for a given level of output which is achek¥s preventing or removing the eight
wastes from the system along the three sustaihadiinensions through adopting relevant
supply management strategy which brings manufagtusaistainable competitive
advantage. As supply management is highly relatettmand driven (pull) supply chains
through better coordinating material flow, invegt@nd production planningdopting
lean manufacturing in EMSC oriented to waste-redgdean supply strategy can be a
sustainable manufacturing best practide a recent study on sustainable manufacturing
best practice conducted with 230 manufacturersarttiNAmerica, Europe and Asia, 78%
of the respondents included waste reduction ireo ttorporate sustainability agenda, 77%
of the respondents used overall equipment effaotise (i.e. availability, quality and
performance of transforming resources in manufaggyias KPI to measure the outcomes
of sustainability programmes and 57% of the respatsladopt SCM as technological
enabler (Shah and Littlefield, 2009). The proposedceptual framework is consistent

with the international trend of sustainable mantufang.

The goal of this study is to provide manufactunerth insights on implementing and
adopting lean manufacturing as a sustainable peatian EMSC environmettrough
the influence of lean supply strategyhe influence of lean supply strategy on the
long-term use of lean principle was examined bggrdting various supply and production
related activities in manufacturing companies agsdainable manufacturing practice with
the aim to address two basic questions — (1) “vdaatses manufacturers to adopt lean
manufacturing as a sustainable practice?”, anth@®y is the lean manufacturing adoption
affected in the decision process?”. In the forthitmrsections, we present supportive
literature, establish a theoretical model and daasociated hypotheses, empirically test
the model based on the survey data from 558 matwfiag firms in 17 countries,
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demonstrate the potential of lean manufacturing nghose aspects that lead to better

implement the practice towards sustainability.

4.2 Theoretical background

4.2.1 Lean manufacturing in an EMSC environment

Bayou and Korvin (2008) simply defined, “To be leanto cut fat” which pinpointed
accurately the purpose of this contemporary managermhilosophy. Lean thinking
start-off in manufacturing representing the mearohgmanufacturing without waste”,
and waste can be anything other than the minimuouabof equipment, materials, parts,
and working time that are essential to productitag,(2008). Creese (2000) defines lean
differently as “a manufacturing philosophy to skartlead times and reduce costs by
redirecting waste and improving employee perforrearskills and satisfaction”. Lean
manufacturing is originated in Toyota with namegydta production system (TPS)” or
“Just-in-time (JIT)” manufacturing beginning back 1960s (Bruun and Mefford, 2004;
Reichhart and Holweg, 2007; Taj, 2008; Wu, 200®8arh. manufacturing is an approach
including an integrated set of activities designed achieve high-volume flexible
production comparable to mass production but usimgmal inventories of raw materials
(Hines, 1996; Wang, 2008; Womaekal, 1991).

(upstream) Information / Finance / Material / Product (downstream)

—Logistics—m Manufacturer’s Internal
Supply Chain (ERP)
'ﬁ_i g o P
2 m "L Preduction i
= 2 i -
Supphers gﬁ :“‘p:;d‘ﬂ:‘?:g . Sales & Finance &
B | Managemant . Distribution : ;& Accounting :
e

Shared data, information and knowledge

Figure 4.1 Upstream of a typical EMSC (Adapted frian2007)
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Lean manufacturing concerns not only with intermalnufacturing processes, but also
with the operation of the entire supply chain (@tiet al, 1993). According to Li (2007), a
manufacturing supply chain in an e-Business enwi@mt comprises (1) internal supply
chain which includes various production managenetd support functions, and (2)
upstream supplier network in part of the extero@lpty chain. Having conducted a global
study on lean operation with 12 first tier autocament suppliers, Ryan (2001) argues that
employing supply chain information systems mightapeeffective method that helps to
reduce increasing costs of the ever complex suppain and enhance buyer-supplier
relationships through managing information and caemication on a real-time basis.
Figure 4.1 showed the upstream of a typical EMSC with thestliation of suppliers and

manufacturers relationships on information managgme

4.2.2 Implementing lean as sustainable manufacturing striegy

Lean manufacturing aims to eliminate waste and awgrproduction in a continuous

approach such as having only the required inventdign needed, reduction of lead times
by reducing setup times, queue lengths, and lassguch that these activities are
accomplished at minimum cost, and it encompassesstitcessful execution of all

manufacturing activities required to produce alfpraduct, from design, engineering to

delivery, and includes all stages of conversiormfrraw material onward (Cox and

Blackstone, 2002). Adopting lean manufacturing isyatematic innovation because it
requires interrelated changes in all these adawitivhich influence not only entire

enterprise but also the supply chains and bringahdhange with added value to business
(Chesbrough and Teece, 1998). Buker (1991) estedolia structural JIT implementation

approach and proposed three focus areas to systattyaadopt JIT in production:

(a) Systems Managemeaddresses the effective distribution of partsraaterials and
proper use of limited resources which may involestnucturing supply strategy
such as forming partnership or network with suppliand establishing pull
production systems such that parts and materialbegproduced on demand with

very short lead times,

(b) Technology Managemeninvolves improvement on existing manufacturing
processes through streamlining, reorganizing druesiring the layout and set-up,
e.g. using cellular layout, so that waste can bleced and response time can be
minimized,
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(c) People Managemerfbcuses on the development of human capitals pp@t
continuous improvement objective in JIT through atiry proper work
environment for employees from the president tohiwerly workers towards this
objective. This includes empowerment and trainihgvorkforce or establishing

autonomous team.

i

| Theoretical Foundation E i Technological Environment i
i

i ! [ |
i | [ |
' Buker(19917's JIT Lewis (20067 s argument of i E EMEC-enabled Environment E
! i i
i implementation approach supply-side waste managemet i ' (via Extranet/EDIFBZE) '
| o |
i ! i

Lean Supply Strategy

Waste mgt and contitnous improve ment

h J

Preventiondremoval of eight wastes

v . ‘.

Adoption of lean manufacturing as sustainable practice (Mgt of systems, technnlogy and people)

Figure 4.2 Framework of adopting sustainable leanufacturing

Considering the ability to do more with less, JIamafacturing is referred as lean
manufacturing (Bozarth and Handfield, 2008). Graddn Lewis (2006)’s argument of
supply-side waste elimination and Buker (1991)'F Jinplementation approach, a
framework is depicted ifrigure 4.2 to illustrate the relationship between lean supply
strategy and the adoption of lean manufacturingegtainable practice in an EMSC
environment, in which continuous improvement of ofasturing operations that help

eliminate waste was set-out to be the implememtatigective.
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4.2.3 Decision process of adopting lean manufacturing

Rogers (1995) emphasized that getting new ideatadpgven when it has obvious
advantages, is often very difficult which may nolimtake quite a lengthy period and may
fail in the process of adoption. Implementing Igamciples in production brings radical
changes to not only the manufacturing operations,also other areas such as supplier
coordination and selection as well as implemenasgociated information systems in
various business units and even reengineeringaid¢atiay works of all staff members in
the company. The profound impact may lead manufaxduseek reinforcement of their
adoption decision already made, as previous decisi@y be reversed if the management
exposed to conflicting messages about lean mamufagt In order to support
manufacturers making appropriate decision throughba entire decision process, a
decision model for adopting lean manufacturinguessasnable practice to the companies in
an EMSC environment is proposed based on the iioovaiffusions theory (IDT)
(Rogers, 1995).

Scope of the study

1. Recognition of the benefits
2. Integration into ongoing
routine of business

1. Put into practice { operation
2. Use on a regular basis

Knowledae Persuasion Decision Implementation Confirmation
& + & + — » - +
1
Stage 1 Stage 2 | Stage 3 Stage 4 Stage 5

S e . e o, . . A . . i S ke . i S k. s S S e . e . i . .

| Irmovation-decision process towands adoption of sustainable manufacturing strategy >

Figure 4.3 Innovation-decision process (adapteah fiRngers, 1995)

As depicted irFigure 4.3 the decision model has five stages:Kid9wledgeconcerns the
understanding of how lean manufacturing principteks, (2)persuasioris related to the

perceived characteristics of lean manufacturing lkeed to the use, ()ecisionleads to
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adopt or reject lean manufacturing, (#nplementationinvolves operational and
organizational issues that will be faced when pgthew idea to use, and @)nfirmation
occurs when decision-maker recognizes the berwfissan manufacturing and integrates
as ongoing practice, that iadoption The decision process before stage 3 (decision) is
related to the readiness of end-users and thegeped values of lean manufacturing.
Stage 4 (implementation) and onward concern org#ioizal readiness if lean
manufacturing was put to day-to-day use in businesthis research, the post-adoption
phenomena on the regular use of lean principle amufacturing that may lead to its
ongoing adoption in long run with the aim to be $lustainable manufacturing strategy in
an EMSC environment was evaluated based on thesstagnd 5 characteristics theorized
in the IDT (Rogers, 1995).
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Continued Adoption of Lean Principle as
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Lean performance
based Supplier
Selection Policies

Lean Supply Strategy

Figure 4.4 Research model

4.3 Research model and hypotheses development

The research model is depictedrigure 4.4and is framed according to the post-adoption
characteristics of the innovation-decision prodhssrized in Rogers’ IDT (Rogers, 1995)

in which manufacturers have adopted lean manufactas regular practice (Stage 4 of
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Figure 4.3 and is tested against the influence on its caetinadoption through the
integration with daily business routines as an amg@ractice (Stage 5 dfigure 4.3).
Specifically, we study the effect of adopting |lesampply strategy on the continued adoption
of lean principle as sustainable manufacturingetnain an EMSC environment based on
the concept depicted Figure 4.2

Eight manufacturing wastes Lean supply management approach

Cwver-production 1. Communicate/share the information of production planning decisions and
demand forecast with upstream suppliers, e.g. pull production
2. Share information with suppliers by electronic mean e.g. EDI/ERP, e-
procurement systems, and/or B2B systems

Transportation 1. Evaluate the delivery performance of suppliers with the market's benchrmark
aiming to improve delivery lead-time and inventory holding time
2. Select suppliers based on historical performance

Inventory 1. Communicate and share the actual inventory information with the upstream
suppliers through electronic mean
2. Estahblish closer supplier relationship with collaberation approach. e.g
VIMIICFPR with relevant [T/information systems, e.g. EDI/B2B systems

IMotion 1. Streamline operations through redesigning processes and workflow
2. Improve operation efficiency by using relevant IT and application systems
through adopting EDIVERP, e-procurement systems, and/or B2B systems

Defects 1. Select suppliers based on delivery performance
2. Select suppliers based on historical performance

Cwver-processing 1. Streamline operations through redesigning process and workflow
2. Improve operations with relevant IT and application systems, e.g. EDIVERP. &-
procurement systems. and/or B2B systems

Waiting 1. Improve communication/information sharing for better coordination of activities
from wpstream to dewnstream supply chain with relevant [T and application
systems

2. Select suppliers based on historical performance

Customer needs 1. Select suppliers based on the capahility of providing innovation and co-design
of products in meeting customer needs
2. Select suppliers based on historical performance

Table 4.1 Elimination of eight wastes with lean @yp

We measured both the regular use and ongoing usaromanufacturing practice each in a
three-year period (totally six years), congruerihwiur definition. Based on the model, the
decision to continue adopting or not adopting le@nufacturing as ongoing practice is
directly affected by the extent of its regular usethe company which is positively

influenced by lean supply strategy constitutinghed adoption factors, (1) the degree of
integration with suppliers in the aspect of usidgusiness system and information sharing
and (2) the extent of using lean performance basgglier selection. Aiming to improve

supply-side waste managemenable 4.1 proposed how the eight wastes are managed
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with lean supply strategy. On this ground, the eissed hypotheses were developed in the

following sections.

4.3.1 Lean manufacturing as sustainable practice

Rogers (1995) identified “relative advantage” inTIAs a primary factor affecting the
adoption of innovation where measurements like ecoo benefit can be used for
comparing the advantage of new practice with previone used. Moore and Benbasat
(1991) included “perceived usefulness” which wasied from the studies of technology
acceptance model (TAM) with the belief of innovativdeas could enhance job
performance (Davis, 1989; Davet al, 1989). Lean manufacturing must fulfill its
intended purpose of better than the precursors iafie adopted and used (Creese, 2000;
Moore and Benbasat, 1991; Rogers, 1995). Amonghtfee focus areas, Buker (1991)’s
JIT implementation approach emphasizes four managephilosophies: (agstructuring
supply strategyto cope with agreed efficiency targets by sharing information of
material management, inventory and forecast witbpbers, reducing the number of
suppliers and investing in supply chain technoleg@nd IT infrastructure; (b)
implementing pull productiothased demand driven principle in order to bettiEress
customer needs in the downstream supply chaimpré@ess focus and streamlinimgth

the aim to simplify overly complex operations; afij empowerment of workforder
streamlining operation and decision processes.bEmefits of these changes can not be
observed only if they are put into practice anddusgularly in long run.

Manufactures will not commit to use lean manufdoias ongoing practice unless net
positive benefits are observed. By adopting leanufacturing regularly, improvement

would attribute to the job performance of manufaoty workforces and cost structures
through reducing waste so that manufacturers’ div@raductivity can be increased

(Creese, 2000; Taj, 2008; Womaek al, 1991), which leads to improved economic
benefits by comparing to the precursors (Roger85;18loore and Benbasat, 1991). Based
on the innovation decision process theorized inEfie lean manufacturing has to be used
consistently until net benefits observed so thatisien-makers can be convinced to
commit continued adopting it in long run (Roger893). Hence, we hypothesized H1 as

follows:

H1. Regular use of lean manufacturing practice leadsitt ongoing adoption as
sustainable practice
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4.3.2 Lean supply strategy
()  Supplier integration

Supplier integration is an area of interest in ¢batext of e-business technologies. This
focus is motivated by the fact that manufacturing$ typically spend fifty-five percent of
earned revenue on purchased products and senBmar(h and Handfield, 2008).
Guimaraeset al (2002) empirically examine the critical factofsat account for the
performance of supplier networks. Their theoreticainework hypothesized that supplier
network performance is positively influenced by tefectiveness of information
technology used and the depth of supplier integmatvhich showed significant positive
relationship. More recently, Caglianet al. (2006) conducted a study on lean
manufacturing practice adoption in 425 manufactufirms. The results showed that lean
manufacturing practice adoption has a strong asBoni with the integration of
information flows with external suppliers. In fastipplier integration is a major step in the
lean manufacturing implementation strategy usednbyy companies (Black, 2007). In
addition, Bozarth and Handfield (2008) highlightéitht over 65% of purchasing
documents (e.g. purchase orders, amendments, syipptices and delivery schedules)
are going to be exchanged in form of electronicmseaith the emergence of the Internet.
EMSC can be a common platform that provides cant@didatabase as well as information
hub for sharing of and controlling the flow of imfeation, among not only manufacturers’
internal processes but also their supply chain wyparts in supporting the lean
production practice. As supply chain infrastructucennecting the business of
manufacturers with trading partners, EMSC enhamndesmation management of both
manufacturers and suppliers by reducing wastefatgsses and enhancing efficiency
which essentially help improve the performance ahofacturers in the aspect of supplier

integration. This leads to the following hypotheses

H2: Information sharing in supplier integration has elit positive influence on regular

use of lean manufacturing towards sustainable pcact

H3: E-business supported supplier integration has dipesitive influence on regular use

of lean manufacturing towards sustainable practice
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(I Performance-based supplier selection

The success of lean manufacturing implementationaghels high degree of integration of
manufacturers with their suppliers through establig proper supplier selection policies
by evaluating metrics like performance, technicaimpetences and supply chain
infrastructure capabilities (Bozarth and Handfi@d08). Basing on Monczlat al. (2005),
Bozarth and Handfield (2008) argued that supplidesign and technical expertise can
help manufacturers deal with enormous challengesrimvating rapidly and continuously
upgrading performance in their markets. BesideshBaand Burcher (2006) argued that
manufacturers grow profits through cost cuttingas likely to be sustainable and must be
balanced with sales growth, innovation, new proddetvelopment and process
improvement where supplier collaboration playsrapartant role in achieving this goal.
On the other hand, Cagliaret al. (2006)'s study showed that the adoption of lean
manufacturing practices has a strong associatitimtive integration of information flows
between manufacturers and suppliers. Basing on shailly, ERP systems as part of the
EMSC enable the integration of information flow argovarious supply chain processes
which help improve manufacturers’ workforce perfame through the adoption of lean
manufacturing. Besides, the results of their staldg showed that lean manufacturing has
a strong association with the integration of phgiitows of material, inventory and parts
among the supply chain counterparts. Grounded emwtirks by Bozarth and Handfield
(2008) and Caglianet al. (2006), the conditions of supplier-manufacturedatmration
that influence lean manufacturing adoption may udel delivery and historical
performance of suppliers as well as their abildydisclose and share sensitive business
information like cost and design data to help maouifrers enhance product innovation
and improve operations. These can be used as thsuneenent criteria for developing

supply selection policies for lean manufacturersnée, we hypothesize H4 as:

H4: Adopting lean performance-based supplier selecpoticies has direct positive

influence on regular use of lean manufacturing tmisasustainable practice

The preceding hypotheses were empirically testedtaresults were presented in section

4.5 and discussed in section 4.6. Section 4.4 gesvihe details of research methodology.
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4.4 Methodology

4.4.1 Data collection and sample profiles

The data sample for this research was derived filoen International Manufacturing
Strategy Survey (IMSS) (Lindbergt al, 1998). The project was initiated by London
Business School and Charlmes University of Techmpin 1992. IMSS is an international
research network consisting of 20 countries and 60Mpanies around the world,
including developed countries, that is, USA, Jafuitish, Germany, and developing
countries, that is, China, Argentina, Mexico. Tlatigipating companies are in the metal
products, machinery and equipment industry, i.e. ititernational Standard Industry
Classification (ISIC) 38. The research reportethia paper was based on the data from the
third round of IMSS survey.

Country oample size Awerage size (Mumber of employees)
Argenting 14 281
Australia 40 253
Belgium 14 381
Brazil 35 579
China 30 1227
Croatia 35 5B0
Denrnatk 38 397
Germany 32 1194
Hungary 58 545
Ireland 32 377
Italy B0 571
MNetherlands 14 207
Monaay 51 161
Spain 20 BE4
Sweden 19 B45
United Kingdam 47 546
LISA, 14 5705
Total 358 676

Table 4.2 Sample profiles

Questionnaire was designed with the purpose toatahe multi-facet of manufacturing

strategy and practice. Data was collected fromigpating countries. Data collection
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method was random sampling and phone contact Wasvéa. The questionnaires were
forwarded to participating companies via mailingx for on-site interview. In those
countries where English is not used, the questiogneas translated into local native
languages. Participating countries sent their datathe research coordinator who
forwarded the final database to all participantse Total sample size in this study is 558,
with the average return rate exceeding 35%. Thepkamrofiles for 17 participating

countries are presentedTable 4.2

4.4.2 Measurement characteristics

Operationalization of research variables in thiglgtis based on the self-developed items
derived from the IMSS questionnaire and is substtat by the related studies in literature
review. Multiple items are used to measure the ame$e constructs. The researchers
attempted to examine the items side-by-side wighrikention to enhance reliability of the
measurement. For example, use of E-business sy&tesigpplier integration is examined
from both supplier’s perspective and manufacturpesspective in order to avoid bias
results, and same approach was used when measthgrgtems. All items are measured
by a five point Likert scale with 1 indicating “nehor “not important” and 5 indicating
“high” or “very important”. Corresponding measurertgefor lean manufacturing practice
adoption and lean supply strategy in an electren@bled supply chain environment are
identified. Table 4.3 summarizes all the constructs with their corresioom variables,
while the questionnaire is listed Appendix A.

() Measures for lean manufacturing adoption

Since successful diffusion of innovation is abdwg tontinuous use of an idea once it is
adopted as practice (Rogers, 1995), our study enattoption of lean manufacturing
practice concerns long-term use of lean manufatguaind its associated investment by
manufacturers and their supply chain counterpahi€tware measured by the extent of
using lean for at least three years as proposé&hlggu and Korvin (2008). IRigure 4.4,

the dependent variables are associated with thincea adoption of lean manufacturing
and justified by manufacturers’ long-term commitmehusing lean manufacturing which
concern two measurements. They are (1) “reguldrrasasured by the level of using lean
manufacturing in the last three years, and (2) tamguse” measured by the level of using

lean manufacturing in the future three years. Basin Buker (1991)'s approach of JIT
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implementation, we evaluated continued lean manurfiag adoption through using (1)
restructuring supply strategy, (2) implementing | pploduction, (3) streamlining

manufacturing process, and (4) workforce empowetmen

(I Measures for lean supply strategy implementation

The independent variables measdine degree of supplier integrati@mdthe extent of use
of lean performance-based supplier selection pedicthe degree of supplier integration
reflects the extent of adopting lean principle up@lier coordination and management,
which are operationalized by measuring the degfeéefarmation management adoption
in two main aspects, namely (1) extent of sharingirness information related to
production and various management areas with srgpliand (2) extent of using
e-business systems for exchanging above busindssmition on the upstream
manufacturing supply chain. The variables that mmasarea (1) include sharing
information in inventory and demand forecast armblpction planning decisions. On the
other hand, area (2) is operationalized in therdxdkinvesting in E-business technologies
such as extranet, EDI and B2B exchange platformmaasuring both suppliers and
manufacturers, in order to reflect the status @ipsiar collaboration contributed by both
parties. Basing on the literature review, the exihnuse of lean performance-based
supplier selection policies is measured by assgssuppliers in the dimension of: (1)
delivery performance, (2) ability to provide inndiem and co-design, (3) willingness to

disclose cost, and (4) historical performance.

4.5 Data analysis

4.5.1 Assessment of reliability and validity

Cronbach’s alpha model was used to perform reitgl@halysis and alpha coefficient was
generated for each construct. An alpha coefficierypically considered adequate if it

exceeds 0.7 (Bagozzi and Yi, 1988; Chen and Pa@id@d; Cronbach, 1951; Fornell and
Larcker, 1981; Nunnally, 1978; Nunnally and Berigtd994). The constructs with an

alpha value of at least 0.6 remained acceptableshouild seek for further improvement

(Chen and Paulraj, 2004)jable 4.3shows that the alpha coefficients of the conssrace

in the acceptable range between 0.6 and 0.9. Tdsomemay be due to new questions,

which were not presented in previous editions efghbrvey. Therefore, we consider the
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reliability of this construct is still established.

Factor Loading
Measures 1 2 3 4 5

Lean Supply Starteqy
1 E-Business Supported in Supplier Integration (o = 0 818)
Extranet/EDIVB2B for suppliers 0.921
Extranet/EDI'B2B for manufacturers 0921

2 Information Sharing in Supplier Integration (@ = 0.689)
Share information about the inventary level with suppliers 0.873
share information about productien planning decisions and demand 0.873
forecast with suppliers

3 Lean Performance Based Supplier Selection Policies (¢ = 0 602)

Select supplier based on delivery performance 0.654
Select supplier based on ahility to provide innovation and co-design 0.668
Select supplier based on willingness to disclose cost 0.742
Select supplier based on historical performance 0.646

Continued Adoption of Lean Principle a5 Sustainable Manufacturing Practice
4 Regular Use of Lean Manufacturing Practice (e = 0.773)

Restructuring Supply strategy 0.719
Implementing Pull production 0.792
Obtaining Process focus & streamlinng 0.819
Empowerment of workforce 0.754
5  Ongoing Use of Lean Manufacturing Practice (o = 0.724)
Restructuring Supply strategy 0.761
Implementing Pull production 0.769
Obtaining Process focus & streamlinng 0.730
Empowerment of workforce 0.642
KMG 05 05 0.664 0.760 0.736

Table 4.3 Results of factor analysis and reliapdibalysis

Factor analysis was employed for testing constvabtlity. Kaiser—Meyer—Olkin (KMO)
measure of sampling adequacy, which ranges bet@een 1, was first used to detect if
the data factored well before the factor analydeording toTable 4.3 the KMO value
ranges between 0.5 and 0.76 which is greater thagual to the minimum acceptable
value of 0.5 (Kaiser, 1974). Convergence validitg aliscriminant validity were both
examined. Convergent validity represents how virellitem measures related to each other
in representing a concept (Swaffoed al, 2008). The presence of significant factor
loadings demonstrates convergent validity (Anderaod Gerbing, 1988). The factor
loading of constructs is directly proportional tangle size and the factor loading for

sample size larger than or equal to 350 exceeds (B18ir et al., 1998). It is generally
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acceptable that if the value of factor loadingrsager than 0.6 (Gyampah and Salam, 2004;
Hong and Zhu, 2006). All factor loadings presentedable 4.3 demonstrate desirable
convergent validity with value over 0.6.

Discriminant validity occurs when measures of eaohnstruct are distinct from one
another (Campbell and Fiske, 1959). The model detnates discriminant validity if the
square root of the average variance extracted (AW¥E)each construct exceeds the
corresponding inter-variable correlation (FornetidaLarcker, 1981). The diagonal in
Table 4.4was replaced with the square root of the AVE ofesponding constructs, and
the overall results show reasonable discriminahdisa Therefore, we conclude that the
scales should have sufficient construct reliabidihd validity. In addition, the values of
Pearson’s correlation coefficient among the corstrbelow the diagonal of the matrix are
all significant at the p=0.01 level. We noted thanificant correlations exist among all
variables which suggesting this to be considereduinsequent analysis on testing the
hypothesized relationships and model fit. Lastlg detail descriptions of these statistical

methods are given ifable B1 of Appendix B.

Correlation and AVE
AVE 1 2 3 4 5
Lean Performance Based Supplier Selection Policies 0460 0.678
Infarmation Sharing in Supplier Integration 0.762 0.310% 0.823
E-Business Supported Supplier Integration 0.843 0.274* 0.265* 0.921
Regular Use of Lean Manufacturing Practice 0.596 0223 0.392* 0433 0.772
Ongoing Use of Lean Manufacturing Practice 0.543 0.195* 0.235* 0.331= 0.616* 0.740

(5 N ENRIL Y | Y

= =0.01

Table 4.4 Correlations and AVE

4.5.2 Assessment of estimation model

The estimation model showedfigure 4.4was tested with multiple regression analysis in
the SPSS 17.0 software, while the resulting regyasgeights of all the paths are shown in
Table 4.5 The approach enables the study to obtain theaeapry power of each
independent variable separately as well as theifisignce of the hypothesized
relationships for determining the fitness of thegmsed conceptual model through
evaluating the significance of multiple correlati@oefficients and the beta values
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(Pedhazur and Schmelkin, 1991). Grounded on adeqsamples and significant
correlation among the constructs of interest, tbkkowing casual relationships were

evaluated with multiple regression analysis:

(a) Regular use of lean manufacturing practice hastipeseffect on its continued
adoption in long run (Model 1 imable 4.5,

(b) EMSC-enabled supplier integration (supported byormfation sharing and
E-business systems) and lean performance basediesupgdection policies have

positive effect on the regular use of lean manufa@g practice (Model 2 iffable

4.5).

Dependent variables

Ongoing Use of Lean Manufacturing Practice (Model1)

Independent variables R*=0.380, F = 278.061 (p = 0.001), n = 456
B Beta t D
Regular Use of Lean Manufacturing Practice 0.624 0.516 16.675 < 0.001

Regular Use of Lean Manufacturing Practice (Model 2)
R#=10.275, F = 32.317 (p = 0.01), n = 259

B Eeta t p

E-Business Supported Supplier Integration 0312 0314 5520 < 0.01
Information Sharing in Supplier Integration 0.242 0.244 4286 < 0.01
Lean Performance Based Supplier Selection Policies 0.146 0.157 2724 < 0.01

Table 4.5R? andF-values of the estimation model

According Allison (1999) and Alleret al. (2009), the results of multiple regression
analysis were evaluated in two steps, (1) how gbegredictions were, and (2) how good
the coefficient estimates were. In step one, thedgess of predictions was assessed by
testing the significance &, that is, the multiple correlation coefficientpresenting the
degree of reduction in the prediction errors (Alétral, 2009). Allison (1999) noted that
theR? value of 0.28 is acceptable which implies thatrémults are initially desirable. We
further conducted aR-test to assess the significance of thieserhe results ifable 4.5
show that all Rare significant at p<0.001 for model 1 and p<@d¥imodel 2. Also, this
implies that the explanatory power of the estimmatieodel is sufficient. In step two, we
tested the significance of the beta weights forheaedictor variables with t-test for
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evaluating the goodness of the coefficient estiméienet al, 2009). The results show

that H1 is significant at p<0.001 while H2, H3 and are significant at p<0.01, providing

further support for the hypothesized relationshigdence, we may conclude that the
proposed model is acceptable and all the four ngsss are significant. Finally, the detalil
descriptions of these statistical methods are gindiable B2 of Appendix B.

4.6 Results and discussion

4.6.1 Adopting lean principle as sustainable manufacturig practice

In model 1, it is theorized that regular use omhleaanufacturing practice has positive
influence on its ongoing use in long run. The rssof multiple regression analysis showed
in Table 4.5 significantly support the hypotheses, H3=0.616, p<0.001) with good
explanatory power of the modé&E€0.380). Furthermore, the results summarizethivie
4.3andTable 4.4indicated that the two key constructs exhibit gogldhbility and validity.
This implies that, based on the Buker (1991)'s Miplementation model, lean
manufacturing needs to be adopted in regular u$eréoeccepting in long run and
demonstrates improvements in various areas of matwrfng operations including: (1)
supply management, (2) production management, (8fegs optimization, and (4)
workforce improvement. The argument is supportedabgumber of studies on new
technological practice adoption. For example, Daeis al. (1989) argued that
organizational performance cannot be improved & thmew practice is not used
substantially. Moreover, Yi and Davis (2001) notieakt organizations will not be benefited
from new practice that was originally designedrtgpiove performance unless users are
able to use them. Thus, manufacturers can onlgheflted from lean manufacturing only
if it is useful and add values through extensiveinghe company regularly, which implies
that manufacturers may commit ongoing use of lgarciple only if it has been used as

regular practice.

4.6.2 The influence of lean supply strategy

In model 2, it is theorized that EMSC-enabled lsapply strategy has positive effect on
the regular use of lean manufacturing practice. iiortance of EMSC is that it offers
the support of information sharing and E-busingsdesns as the platform to enable
information exchange among various supply chaitigpants, that is, manufacturer and

supplier integration in our study. Likewise, thesukts summarized iMable 4.3-4.5
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showed that the model possesses good explanatergrdo support the hypothesized
relationships with the underlying constructs dent@tisig acceptable reliability and
validity. Grounded on previous studies of lean nfacturing (Black, 2007; Cagliaret al,
2006) and supply management (Bozarth and Handfg€@88; Guimaraest al, 2002),
four dimensions to evaluate the effect of lean suprategy are proposed, (1) suppliers’
delivery performance, (2) suppliers’ ability to pite innovation and co-design support, (3)
suppliers’ willingness to disclose cost and otméorimation, and (4) suppliers’ historical
performance. Measure (2) and measure (3) are daiateypotheses HB€0.244, p<0.01)
and H3 p=0.314, p<0.01) that concern information sharind &s underlying supporting
system infrastructure (practice). Whilst, measute gnd measure (4) are related to
hypothesis H4 [(=0.157, p<0.01) that concerns supplier selectionlicips
(pre-implementing). All the results are acceptalleyhich H4 is related to the quality of
suppliers that may affect their performance talfulie lean requirements for collaborating
with manufacturers. Hence, manufacturers shouldfally pick the supplier selection
criteria. Bozarth and Handfield (2008) proposedngsiveighted preference scores to
realize the concept of supplier selection:

I:)referenc@upplier) = I:)referen(‘(@upplier, Delivery performanceﬂ< I:)riority(DeIivery performance)+

Preferencgupplier, Historical performance) PriOrity(tistorical performance)
+ ...

Comparing and contrasting the resulting scoresaoch esupplier forms the critical part of
implementing lean supply strategy. The results ymghlat having process view on
executing lean supply strategy (pre-implementatiand practice) is important.

Furthermore, supplier integration based on mutuet t(sharing planning and operation
data with both suppliers and manufacturers invgstirihe infrastructure) is also crucial to

the adoption of lean principle as sustainable matufing practice along the EMSC.

4.7 Managerial implications

The model revealed that implementing lean suppbtegy in an EMSC environment has
direct positive effect on the long-term use of leaanufacturing as sustainable practice
with the participation of and investment from batlippliers and manufacturers. Hence,
manufacturers may restructure their supply polisigsh that only those companies who

are willing to participate and invest in lean mamutfiring and associated supply chain
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infrastructure (EMSC) can become their suppliemnil&r approach has been adopted by
the industry for better supporting sizable operatioprovement. For example, Microsoft,
Inc. outsourced the manufacture of Xbox to Flextena manufacturer based in Taiwan,
based on suppliers’ capability of managing itsrergupply chain (from supplier networks
to internal manufacturing operations by using lesanufacturing practice, for example,
collocation, information sharing, IT capabilitied)T inventory systems and most
importantly its historical performance) (Hill, 2006 his helps companies not only to share
the values of lean practices with suppliers bud tdsestablish a closer supplier relationship
in long run. In addition, the performance of eliating eight manufacturing wastes
depends heavily on the quality of EMSC systems. &mmple, Leeet al. (2009)
emphasized that efficient data collection with hégicuracy is the key of e-procurement in
order to purchase right material at right qualityni right suppliers. Therefore,
manufacturers need to formulate relevant supphlatuation function and integrate the
system with existing purchase processes smoothhpudin capturing accurate
requirements from both suppliers and end-usersdardo make effective the lean supply
strategy over the EMSC infrastructure (Cheung aad,[2003; Leet al, 2009).

4.8 Conclusion and future research

In this research, a theoretical model was developetudy the relationship between lean
supply strategy and continued adoption of susténkdan manufacturing in an EMSC

environment. Two indicative dimensions were idéatifthat influence the adoption,

namely, the extent of using lean manufacturingussagnable practice and the degree of
implementing lean supply strategy that aims to ielate the eight manufacturing wastes.
Four hypothesized relationships were developedhi®@model and were all proved to be
statistically significant. Hence, it is concludduat supplier integration supported by an
EMSC environment with the implementation of learf@enance-based supplier selection
policies significantly influences the use of leammafacturing as sustainable practice.
There are two major contributions in this studyskithis study proposed a structural
approach to design and implement lean principlsussainable manufacturing practice
through combining practitioner’s JIT approach (Buke91) and academia’s decision
model (Rogers, 1995). Second, this study propoggdeess approach to implement lean
principle in supply management. As both suppliéec®n policies (pre-implementation)

and supplier integration (practicing) had significaffect on lean manufacturing adoption,
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this indicates that policies and practice needetwibwed as an integrated process rather
than individual tasks. The study triggers futursearch. With EMSC infrastructure
in-place and better supplier integration, implermentreverse logistics system that
supports product recovery and goods return woutthtne feasible in order to strengthen
the capability of waste reduction. Neverthelesg, shiccess of such system relies on
customer’s initiative of supporting environmentabtection by delivering their used
products to collection points which triggers thaedst of consumer attitudes toward the
usefulness of and willingness to accept new idedoinnstream supply chains (Lee and
Chan, 2009; Liao and Cheung, 2002).
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Chapter 5 CREATING AMBIENT INTELLIGENT SPACE IN
DOWNSTREAM APPAREL SUPPLY CHAIN WITH RFID
TECHNOLOGY FROM LEAN SERVICES PERSPECTIVE

The third article was published in th&ernational Journal of Services Scien¢&® and
Sun, 2010h As indicated in Chapter 1, the research in thidystmas solely conducted by
the first author, i.e. the researcher, and wastialy supported by City University of
Hong Kong with the budget approved by the co-authiee first author is the only research
staff recruited with this funding. The researchdgta a successful case of adopting lean
services enabling technology to apparel retailifge role of lean services in the
downstream supply chains and how lean servicesbearealized in retailing by RFID
technology are discussed. The results indicate that major adoption factors in
organizational aspects concerning compatibility emsts, and individual aspects related to
ease of use and security and trust, are identifiedigh positioning RFID as an innovative
technology in contrast to existing practice.

The findings suggest that RFID needs to comply widindards or regulations of target
markets as part of the industry requirements, nproducts are considered advantageous
if it could interoperate with the systems that eoenmonly used in practice. Moreover,
RFID is in a better position if it is also compé#gitwith the operation processes of the
business so that the merger of RFID to existingaipms demands minimal effort in terms
of lead-time and resources. Also, the findings skivat seeking long-term operating cost
savings is one of the reasons that businessesrnmpleRFID technology. In contrast to
organizational factors which focus more on managernempetence, individual factors
are usability centric focusing on the interactiogtvieen user and services, and the
underlying technology. The findings reveal thastfiine support staff expect RFID could
relieve their workload, while the merchant expebtsease-of-use attribute of RFID helps
them capture the moment of truth so that saledeariosed sooner. Lastly, security risks,
for example, leakage of personal data, unauthorizeel of personal data or fraud
transactions, is another user concern leadingdocteon of trust for merchants, an issue
that should be mitigated by taking proper securigasures. In summary, these factors are

useful for designing user-oriented services thalize lean principles appropriate for use in
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the field by considering human factors.
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Creating ambient intelligent space in downstream aparel supply chain
with radio frequency identification technology from lean services
perspective

Abstract:

Radio Frequency Identification (RFID) technologylizes ambient intelligence (Aml) in
real-life and offers not only user-friendly shoppiexperience to customers but also agile and
responsive store operations to merchants. Appligag services in apparel retail operations
may equally benefit to this industry. In this resda recent studies on RFID technology
adoption were evaluated to help develop reseasthument. It followed by a comprehensive
case study on the implementation of a RFID-baseattsmatail system in an apparel retailer.
Four adoption factors of this new initiative fronotb individual and organizational
perspectives were identified: (@pmpatibility, (2) costs (3) ease of useand (4)security and
trust A business value-added framework was then prapfuseurther research based on the
adoption factors and lean improvement objectivesstly, managerial implications were
discussed with the aim to provide insights of bre#tdopting this technology through the

alleviation of practical problems and user concerns

Keywords: ambient intelligence; Aml; apparel manufacturingupply chain;

mix-and-match; radio frequency identification; REUZer adoption
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5.1 Introduction

The main applications in the first wave of radieguency identification (RFID) have been
in the supply chain mainly for improving the dibuition of physical assets in the systems
(Hardgrave and Miller, 2008; Sarma, 2008). The banijng use of RFID technology
extends its applications to both upstream (supptianagement) and downstream (retail
and service) of manufacturing supply chains. RF#gst also called “smart labels”,
together with other pervasive computing technolegesalize Aml in real-life and make
Aml become increasingly important in retail andvesrs (Bohnet al, 2005). Aml
represents the convergence of ubiquitous technobrgy computational intelligence
creating an electronic environment (i.e. Aml spabaj is sensitive and responsive to the
presence of people (Aarts, 2004; Rarabal, 2008; Shadbolt, 2003). Aml is developed to
enrich people’s life and enhance customer expegiencshopping and commerce that
involve integrating tiny microelectronic processarsd sensors into everyday objects to
make them smart (Bohet al, 2005; Friedewald and Costa, 2003). One of ttestamart
Aml applications in retail is the intelligent mixxd-match of clothing items. In supporting
this capability, a RFID-based smart apparel refgdtem was developed to help users
choose desire colors and patterns that most closséynble the style that one would like to
portray, while on the other hand help apparel IE®imanage product items on the
sales-floor and inventory in the back store mofieiehtly (HKPolyU-ITC, 2007; Wongpt

al., 2009).

Sharma (2008) argued that improving customer e@pee is a major objective of applying
RFID technology in downstream supply chain. Othappsy chain concerns such as
shrinkage and dwell time of inventory management may influence the efficien
operations visibility and total cost saving of stooperations (Boeclet al, 2008;
Hardgrave and Miller, 2008; Kinet al, 2008; Rohet al, 2009; Sarma, 2008). Lean
principles preach simplification and elimination eofasteful processes, which are
applicable to address these supply chain conckatdbting inefficiency and provide little
added value to customers. Becoming a lean enterpniables retailers with the capability
of improving operations, reducing costs, and deilingeservices with shorter lead times.
Lean production was originated in Toyota with narfiles/ota production system (TPS)”
or “just-in-time (JIT)” manufacturing beginning dadén 1960s which is now widely

recognized as the most efficient manufacturingesysin the world (Russell and Taylor,
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2009; Womack and Jones, 1996). Similar philosophy been used to apply lean in
services, e.g. eliminating waste, improving efficg and understanding the customer
(Heizer and Render, 2007; Russell and Taylor, 2008)this ground, lean was set-out to
be the implementation objective of the new systemirg to improve store execution.

However, performance gains of the user are oftstrotted by the unwillingness to accept
and use the available system (Davis, 1989). Appatallers should pay attention to the
issues of users’ resistance to this new approadhidgentifying relevant user adoption

factors would be beneficial to the implementatibthes innovative idea (So & Liu, 2007).

The studies of user adoption to new technologynatenew. Problems related to user
adoption to new technology have been brought tearebers’ attention since the early
1960s (Lin and Ashcraft, 1990). Davis (1989) depebtbTechnology Adoption Model
(TAM) that helps organizations adopt new technologydmsidering human factors. This
study attempts to explore and understand the cstamses that apparel retailers adopt
RFID technology in an Aml environment from pracligerspectives which aims to
answer two questions: (1) what causes individuatusf apparel retailers to accept RFID?,
and (2) what can apparel retailers and their teldgical partners do to encourage the
adoption of RFID?. To answer the questions, orgdiumal and individual factors that
influence the acceptance of RFID were examinedagecstudy on contextualizing RFID
technology as an Aml enabler in apparel retailingoerning user acceptance was pursued.

This study provides insights to practitioners oa dldoption of RFID technology with the
aim to realize Aml in apparel retailing that addueato business from a lean service
perspective. The participants of the study wereedsko point to other possible
circumstances that might affect one’s decision emgi RFID technology. The paper
presents supportive literature on this technolagyapplications and issues in apparel
manufacturing supply chain and its adoption statwgparel retail and services. Also, the
user adoption of a RFID-enabled smart apparel sysiming to improve store execution
was evaluated based on the postulated factorsedkefrom the case study. A business
value-added framework theorizing the relationshgmsong the RFID-based apparel
system that supports lean services, its adopticiofsand the improvements delivered by
the new system was established for further reseduas$tly, managerial implications of
adopting this new initiative in creating a smattaileenvironment were discussed with the
purpose to ensure the delivery of maximum valua stsategic tool for apparel retailers.

88



5.2 RFID technology and apparel manufacturing supply clin

5.2.1 Basics of RFID technology

RFID is an automatic identification (Auto-1D) technojodeveloped by Auto-1D Center at
Massachusetts Institute of Technology, relying torisg and remotely retrieving data
using devices called RFID tags and readers (Aut@&Hhter, 2002; Doyle, 2004; EPC,
2004; Finkenzeller, 2000; Shepard, 2005). With Rig&hnology, physical asset will have
embedded intelligence that allows them to commueieéth each other and with the
tracking points (Auto-ID Center, 2002; IBM, 2003%18ign, 2004).

A RFID system essentially consists of three mamponents: RFID tag, RFID reader, and
backend information system with middleware sittbejween reader and backend system
for carrying out data capturing, screening andingu¢Glover and Bhatt, 2006). An RFID
tag is a small object that can be attached toamrporated into physical asset such as book,
clothing, or person. When an RFID tag passes tlirtlg electromagnetic zone, it detects
the reader's activation signal. The reader decthadedata encoded in the tag's integrated
circuit (silicon chip) and the data is passed ® hiost computer for further processing
(Finkenzeller, 2000; Hawrylaét al, 2008; Shepard, 2005). RFID tags generally fab in
two categories: passive, and active. Passive tagsive the most publicity and are
currently being used by large retailers such asMét and Metro to track inventory, and
by the U.S. Department of Defense to track supghesvrylaket al, 2008). Unlike active
tags, passive tags do not contain onboard powecs@und derive the power for operation
from RFID interrogation signal in the course of coomication (Finkenzeller, 2000;
Hawrylaket al, 2008; Shepard, 2005).

Passive RFID tags communicate using one of two odsthnear-field and far-field
(Hawrylaket al, 2008). The far-field RFID tags support longer conmication range than
near-field tags, but are comparatively more seresitio tag orientation. The type of tags
required for a RFID system would depend on thesiress applications, site conditions
and system design requirements. In case of supalynand retail applications, far-field
RFID systems are used extensively. According to hkak et al.(2008), the sensitivity of
the system to RFID tag orientation is critical immy applications. The communication
method used by far-field RFID system easily catislee detection and hence the design of

middleware and upper layer application softwareobees critical in order to effectively
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screen unwanted RFID signals emitted by nearbieiraat product items.

5.2.2 RFID applications in apparel manufacturing supply dain

Tracking the movements of “things”, i.e. items upply chain can be determined by three
variables in a three-dimensional space, in whiehfitist two dimensions that each item in
the supply chain traverses are “time” and “spackilerthe third dimension concerns with
item identification by using RFID tags that carte&ronic Product Codes (EPCs) (Sarma,
2008). On this ground, RFID reader works with métdhre to provide backend
information systems with an “inventory snapshotitmfield of view which may cover a
small corner of warehouse, distribution centre (€)backroom of retail store that
essentially provides a series of item managemaenttifon for improving the efficiency of
supply chain operations including: (1) finding, {&cking, (3) tracing, (4) item count, and
(5) time-intersections. Through querying of thispzes of data gathering from supply chain,
two key metrics, i.eshrinkage (caused by theft, damage, loss, and etc.)leautltimes
which concern supply chain visibility can be evaédaa(Hardgrave and Miller, 2008). In
particular for retailers in downstream apparel $yigpain, the “lost sales” causing by (1)
misplacement, (2) damage, (3) theft, (4) shippimgreand (5) counterfeit of items can be
reduced with the use of RFID which ultimately l¢éadncreased product availability and

total cost saving (Ustundag and Tanyas, 2009).

Back in June 2003, Wal-Mart, a US retailer, styiattquired its top 100 suppliers to
implement RFID technology by tagging the palletd aases in the supplies for operation
improvement through sending real-time inventoryadabm individual store to suppliers
(Hardgrave and Miller, 2008; Roberti, 2004). Wal+Mand its suppliers use the real-time
data to improve replenishment with out-of-stockdueed by 16% by tracking cases of
goods with RFID tags carrying EPCs, where this d@atables suppliers to measure the
execution of promotions and boost sales which hetefboth parties (Roberti, 2005;
2007). The Wal-Mart case demonstrates an RFID imefgation that only predominately
affects only a small portion of the supply chairoif retailer distribution centre to store
backroom) and makes use only limited RFID systepabsity (e.g. finding and item count
up to pallet level and case level only). Given thisted scope of supply chain exposure
and application, determining the payback and ulityacreating business value is

challenging.
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Table 5.1 RFID applications in apparel manufacwsopply chain

The Demand Activated Manufacturing Architecture (DA) project, a part of the
American Textile Partnership (AMTEXTM) representiaghationwide effort focused on
increasing the competitiveness of the fiber, textdewn products, and retail industries
during the last five years of work with the U.Stelgrated Textile Complex (retail, apparel,
textile, and fiber sectors) has developed an iatgerprise architecture and collaborative
model for apparel supply chains with the goal avoting opportunity identification and
improved high-level business process access leatlingcost, time, and quality
improvements to the U.S. Integrated Textile Comglékapmanret al, 2000; Lovejoy,
2009). Adapted from Sarma (2008able 5.1lists a map of RFID applications in apparel
manufacturing supply chain based on the DAMA itilties with the aim to improve item
management in the “last 50 feet” of apparel suggigins that mainly concerns store
execution (Hardgrave and Miller, 2008). The colunnmdable 5.1 represent different
locations of an apparel supply chain delivering a series stdrage operations,
assembly/disassembly operations and transportaperations, while the rows represent
different concerns in supply chaiffime concerns are prevalent with fast fashion or
perishable goods in terms of maximizing turnograntity concerns with having enough
inventory to meet deman@onfiguration refers to having not just the right goods, but the
right combination of goods along the lines of vagsupply chain rules.

5.3 RFID-enabled apparel applications for lean servic@perations

5.3.1 RFID applications adopted by major apparel retailers

In the downstream supply chain, RFID technology ksaiogether with EPCs with the
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initiative of standardizing the communication obguct information so that the retailers
can uniquely identify and locate information abth# manufacturer, product class, and
instance of a particular product (VeriSign, 20@4ning to automate supply chain logistic
operations, EPC addresses everything from prodewctsi to packages, containers, and
pallets (Auto-ID Center, 2002; Chorafas, 2001).tkmbasis ofable 5.1, retailers can: (1)
uniquely recognize each item, (2) track the movdmanitems in the stores and
warehouses, (3) automate business operations suclventory management or point of
sales (POS) activities, and (4) improve customepping experience such as providing
recommendation on mix-and-match of product itemsugh integrating RFID technology
with other systems. In practice, RFID tags carryimgEPCs are directly related to product
information down to item level in a typical retajpplication. Three cases are presented to
illustrate how the application of RFID technologymbined with the EPCs benefits retall

management in the apparel segment:

(1) Marks & Spencer, one of Europe's largest retailers, has expantedRFID
deployment to include six clothing departments s&r63 stores (Hess, 2008). The
company uses RFID to track goods as they move ginaut the supply chain into its stores.
Apparel is individually tagged and eventually engson the sales floor. Store employees
can quickly read racks of the RFID-tagged itemspbgsing an RFID reader over the
apparel. Tagging the items at the manufacturingtpadlows Marks & Spencer to monitor

its shipments more accurately as they arrive iresto

(2) Levi Strauss & Co, a U.S. apparel retailer, demonstrated the valudRieiD

technology in inventory management through itenelésacking (Wasserman, 2006). The
company has reported that sales clerks can congpbttaewide inventory in about an hour,
a process that used to take two days. That invwertata is used on the sales floor to
replenish sizes, colors and styles of clothing.ilsays the in-store use of item-level RFID

on clothing in Mexico City, which started in 200%&s increased sales.

(3) American Apparel, a U.S. apparel company, which operates more 1Barstores in

13 countries, is jumping into item-level RFID taggiand product tracking (O’Connor,
2008). The company saw quick benefits from therteldgy. The weekly process of taking
inventory of all items in the store, which previbusook four workers eight hours to
complete, could now be accomplished with just tvempgde in two hours. This gives

employees more time to assist customers directty,carry out other tasks.
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As seen from these examples, many RFID-based dpptai systems is mainly used to
improve accuracy or efficiency of business logssiit relation to inventory management
or checking out of product items but however camalolress all the concerns on sales-floor
management as indicated iable 5.1, e.g. improving shopping experience or item
availability. RFID technology is traditionally offed to the retail segment for improving
business logistics. Some apparel retailers use Ré&dbBnology in product authentication
or article surveillance. Apparel retail is a seadomen and time-sensitive industry. In
today’s fast-paced society, customers with morénisbipated buying needs and increased
choices but have less time to devote to shoppimpatel retailers have to face the
challenge of adapting quickly and efficiently toekeup with fashion and buying trends to
meet customer demand, in view of the shelf-lifemadst product items are just around
20-40 days before their first markdown (Wassern2@96). An innovative system design
with new configuration is needed for coping withangges. With RFID-enabled apparel
applications, clothing items carried by customeas e automatically detected with
mix-and-match recommendations shown in real-tim€RblyU-ITC, 2007; Wonget al,
2009).

5.3.2 Realizing Aml space in apparel retailing as lean seices

Products of apparel retail are likely to be shiwed and the markets typically have the
characteristics of (13hort lifecycles as the product is designed to capture the mood of
moment and hence the saleable period is likeletadry short, (2high volatility , as the
demand for these products is rarely stable,|d8) predictability, as the demand is
extremely difficult to forecast because of its iy, and (4) high impulse purchase as
buying decisions for these products are mainly nadke point of purchase (Christopher
et al, 2004). Apparel retailers face the challenge apasihg quickly and frequently to
keep up with product change and buying trend totrogstomer needs. In order to cope
with the fast-paced characteristics and ever cmgngiistomer expectations, new method
is needed for apparel retailers to better managie shop operations in a more efficient
manner as well as to bring customers with fresh steepping experience so that they can
stay competitive in the markets. Providing recomdagions on mix-and-match of
clothing by using computational intelligence is @fi¢he Aml services in apparel retailing.
With far-field RFID technology, Aml space can balreed in apparel shop through
offering a variety of intelligent services with reaitiative which essentially extend the

application of RFID to the “last 50 feet” of applamanufacturing supply chains aiming to
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improve the efficiency of store execution and irtipalar, address the concerns of
sales-floor operations such as customer experi@md¢eétem management (Hardgrave and
Miller, 2008; Heizer and Render, 2007; HKPolyU-ITZ)07; Russell and Taylor, 2009;

Sarma, 2008; Wonet al, 2009),

(1) Mix-and-match recommendationsenhancecustomer experiengée. time concerns
in Table 5.1such that the recommendations can be persondtzedl.P. or registered
customers based on their transaction history bygodsring purchase patterns, i.e.
estimating preferred choices through using datangitechnique or machine-learning
algorithm. However, only standardized recommendatiovere offered to casual

customers;

(2) Inventory managementaddresses thguantity concerns immable 5.1, with visibility
and efficiency improved biyacking and tracing itemautomatically in the back store and

on the sales floor;

(3) Article surveillance brings security controlcapability by identifying and detecting
items that are not check-out at the POS locationthat theconfiguration concerns in

Table 5.1are addressed, and

(4) Transaction process automationincludes the features like contactless check-but o
items with bulk processing capability for improvirgOS workflow and ultimately
customer experience (i.eme concerns inmable 5.1) where these contactless features are

not supported by conventional bar-code technology.

5.4 Overview of RFID technology adoption factors

Both individual and organizational factors are imtpot in studying the adoption of RFID
technology in apparel retailing. TAM (Davis, 198%avis et al, 1989) and diffusion of
innovation (Rogers, 1995) are widely supported flmsth perspectives in discussing new
technology adoption. Recent researches on the T¥tbhded the original model based on
the two central constructs, i.e. perceived easesef (PEOU) and perceived usefulness
(PU), to many different areas including e-commédkeang, 2008; Hong and Zhu, 2006)
and particularly e-government (Dimitrover and Ch2006; Gilbertet al, 2004, Hamner
and Qazi, 2009; Horst, 2007; Karacapilidisal, 2005; Tung and Rieck, 2005). At present,

there are few empirical studies involved investmatof RFID adoption in apparel
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retailing (Loebbecke and Huyskens, 2008; Moon amAiN2008). Nowadays, RFID
technology has been extensively used in the sedao®in and evolves into new form of
integrated service applied in various businessosgce.g. mobile payments and Aml for
the application in smart home or retailing. Therefa review of recent studies on the
adoption of RFID and related services was conduaiexing to identify the positive and
negative adoption factors for developing questimen@mployed in the case study of this
researchTable 5.2summarizes the various adoption factors with ugawy contributing

items as well as the corresponding supportingglitee published in last five years.

Adoption factors Conftributing items Source
Factors with negative effect
Cost Operation cost, subscription cost, investment cost An and Kauffman (2008), Brown and Russell (2007), Dahlberg (2008), Lai

et al (2003), Mallat (2007), Moon and Ngai (2008), Miiller-Seitz (2009).
Ondrus and Pigneur (2008)

Secuntv nisks/concerns Unauthorized use, transaction errors, lack of Transaction Dahlberg (2008), Friedewald e /. (2007), Hossam and Prvbutek (2008)
record and decumentation, vague transactions; concerns onMlallat (2007); Miller-Seitz (200%), Ondrus and Pigneur (2006, Shih et al.
device and network reliabilitv; concerns on privacy (2008)
Trust With merchants, telecom operators, financial institudions or Dahlberg (2008), Friedewald er al. (2007), Mallat (2007}, Ondrus and
peer group, business partners Pigneur (2006), Thiesse (2007)
Complexity Complex data input formats; complex registration Brown and Russell (2007), Mallat (2007); Miller-Seitz (2002}
procedures: other operations complexity
Compliance, Compatbility Complv or compatible with regulations, standards or Au and Kauffman (2008), Brown and Russell (2007), Dahlberg (2008)
practices for mtegration with partners; sharing of resourcesHossain and Prvbutok (2008), Lai er a/. (2003), Mallat (2007), Moon and
or achieving lower product cost Ngai (2008), Ondrus and Pigneur (2008), Shih er al. (2008)
Stress, Pressure Having psvchological pressure or competitive pressure for Brown and Russell (2007), Dahlberg (2008), Miiller-Seitz (2009), Thiesse
adopting the technology (2007)
Factors with positive effect
Time reducton, Job Task efficiency  Waiting ume; job enhancement; process improvement Au and Kauffman (2008), Keurouthanassis ar gl. (2007), Mallat (2007),
Miiller-Seitz (200%), Ondrus and Pigneur (2006), Thiesse (2007)
Ease of use handling, Convenience Operatonal ease of use Au and Kauffman (2008), Dahlberg (2008), Hossain and Prvburak (2008,
Miiller-Seitz (200%). Ondrus and Pigneur (2006). Thiesse (2007)
Amimude toward new technology In favour of using the technology of concern; perception of Leimeister er al. (2003), Moon and Ngai (2008), Miller-Seitz (200%)

the importance of the technology

Relative advantage Have benefit or improvement comparing to existing An and Kauffman (2008}, Brown and Russell (2007), Leimeister er al
practice, svstems of technology (e.g. Bar-code); offering (2009, Mallat (2007, Shih er al. (2008)
unique benefits that are not replaceable

Readiness Readiness of both users and organizatons influenced by~ Brown and Russell (2007), Leimeister et al. (200%), Mallat (2007), Ondrus
past experience, expertise, knowledge, top management  and Pigneur (2006), Shih er ol (2008)
support, technical support, parmer support as well as
cultural factors; readiness for organizational changes

Table 5.2 RFID technology adoption factors and suiipg literature

Also, Figure 5.1 depicts the frequency of appearance of the adog#otors shown in
Table 5.2 The results show that four major negative fagtaes compatibility, cost
securityandtrustaccountable for over 80% of the observations, ewié top four positive
factors i.e.ease of usgob efficiency readinessandrelative advantageepresent 88% of
occurrence. The results provide insights for stagyirganizations using RFID technology

and help exploring consumer acceptance to thisitdoby. Furthermore, the results have
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implications to product developer as the refererioesdesign objectives formulation for
new products as the adoption factors were baseitheisurveys involving hundreds of

consumers and businesses in retail.

Negative Adoption Factors

Stress, Pressure
e

Cost
22%

Compliance,
Compatibility
26%

Security nsksiconcems
%

Complexity
BY%

Trust
H%

Positive Adoption Factors

Time reduction,
Joh/Task efficiency
24%

Readiness
20%

Relative advantage
20%

Ease of usefhandling,
Convenience
24%

Attitude toward new
technology
%

Figure 5.1 Profiles of RFID technology adoptiontéas
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5.5 Research design

This study creates a qualitative research desigrptore the circumstances that lead to the
acceptance of RFID technology in the apparel mantufeng supply chain perspective. As
the main objective of this study is to explore #uption factors of RFID technology on
realizing Aml in retailers of the downstream appatgply chain aiming to provide insight
to the industry, the research design clearly cpoeds to an exploratory study based on
real-life settings with case study method (Eisedhar989; Yin, 2009). In the following
sections, the methods and scope of the reseassgrah instrument, and lastly, research
sites and data collection method will be discussed.

5.5.1 Methods and scope of the research

The study aims to explain the complex behaviorntion of using RFID technology to
realize Aml in field and to establish valid andiable evidence used for identifying
adoption factors of this new application, case wtuesearch was used in this study
considering its strength of its likelihood of geang novel theory and replicating or
extending the emergent theory (Eisenhardt, 19883id#s, the exploratory nature of case
study research helps phenomenologist better urshersind explain complex phenomena
(Remenyiet al, 1998; Saundest al, 2000; Yin, 2009). Case studies use multiple nresea
methods supporting qualitative or quantitative apph (Yin, 2009). In this researdm
embedded single case study using qualitative agprosas adoptedo explore the
experiences of the interviewees on the use of REtdhnology in the context of apparel
retailing. The qualitative study helps solicitingws from end-users and management on
their experience of use and behavioral intentiorectept RFID technology. The inductive
approach of qualitative study allows the desigaliito evolve, develop, and unfold as the
research proceeds with the benefits of exploring aad unanticipated information to
emerge from participants (Bryman, 2008; CassellSymon, 2004).

As part of a broader research program on manufagtstrategies, performance and
practices and their deployment within supply chaspgcial emphasis is placed here on the
RFID applications of a retailer in the downstregoparel manufacturing supply chain in
the aspect of improving customer experience, oerafficiency and item availability.
Figure 5.2 depicts the scope of this research and its relgtosition in the supply chain.

An apparel retailer, Firm A which deployed RFID-bleal apparel application was
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evaluated in the case study research. Firm S, dttenoblogical partner of Firm A was

involved in the study for exploring the technicalif the application.

Scope of study

|
|
Upstream of supply chain Downstream of supply chain

. Retailer Retailer In-store
Mgt. plant Mgt. DC DC e invertory
1
I
i [
! |
> & > & — r——0 > 4 »
Fiber Apparel Apparel retailgr Stores Final consumers
suppliers manufacturer (Firm A) | (Firm A} {of Firm A) 4
‘ Product flow at different stage of apparal manufacturing supply chain >

Figure 5.2 Scope of the study in apparel manufaxgsupply chain

5.5.2 Research instrument

Based on the results of literature review as shiovigure 5.1, there is an indication that
adoption to RFID technology may be related ta@inpatibility, (ii) costs (iii) security (iv)
complexity (v) potential to enhance job efficiendyi) relative advantagg(vii) ease of use

of the technologyand individual/organization’s (viiijrust, (ix) stress (x) readinessand

(xi) one’s attitude towards new technolodyence, specific questions related to these
factors were developed and included in the quessibe to help explore and understand
them. One-on-one interview was conducted with thgigpants by using open-ended

guestions.

5.5.3 Research sites and data collection method

Semi-structured interviews were conducted with Fpincluding first-line staffs at the
retail stores who involve in using the technology ataffs at the back-office who involve
in making related decisions. Triangulation was ugeonprove the validity of the study

(Yin, 2009). Thus, the members of project and texinsupport team of Firm S were

98



interviewed to compare and contrast to the feedbdakn Firm A. Besides, informal
observations were carried out on site where theareber participated as staff member or

customer.Table 5.3 highlights the research subjects and correspondatg collection

methods.
Participating firm Involved parties Data collection methods
Retailer iFirm A) in the apparel supply chain
- Headguarter - General Manager, IT Manager - Interviews
- Store - Shop Manager, Customers - Interviews, On-site ohservations
Technological partner of Firm A (FirmS)
- Development - Engineer - Interviews
- Implementation - Project Manager - Interviews

Table 5.3 Research subjects and data collectiohodst

In this study, content analysis of the replies e bpen-ended questions and the text
recorded in the observations was used for extrgqdtie underlying attributes of user
perceptions on using RFID (Carsenal., 2001; Graneheim and Lundman, 2004). The
findings essentially represented experience ancéa@apon from end-user perspective
which were compared and contrasted with the practiesign and implementation
experience of the product developer so that réabstoption strategy could be developed.

The adoption factors were identified based on itindirigs.

5.6 Case study

5.6.1 Background

A comprehensive case study on Firm A and its teldymal partner, Firm S has been
conducted according to the research design witlaitheof exploring the adoption factors
of RFID technology in realizing Aml space as learvies in apparel retailing in
downstream supply chains. Prior implementing thev naitiative, mix-and-match
recommendations on clothing were provided to custsnn old fashion way through staff
members on the sales floor based on their experiand/or designers’ suggestions by
either showing photos in the product catalogudsaating the matching products on racks.
Whilst, management of items on sales floor andntwgy in the back-store was relied on

the use of bar-code technology. Due to the comdtrai bar-code technology, store
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operation was highly manual base where the avétlabf staff was crucial as their full
participation in the operation processes was reduiln order to streamline the operation
processes, Firm S has come-up a RFID-enabled sm#ail apparel system in
collaboration with Firm A. With the new system, tmmers are now provided with
computerized recommendations on mix-and-match athelg items with on-screened
product information details, which offer a uniquepping experience ensemble to meet
their buying needs instantaneously. In additionctistomer relationship enhancement
functions, the system enhances shop managementdrgving the efficiency of security

and inventory management within the retail store.

Display of nux-and-match
recommendations

Smiart Fitlng Room

B e L LIS

\‘\.\ = |

Tagged
clothing

| e— sl e b s
Tagged Smart dressing mirror
C].Dﬂli]lg B

Smart fitting room

Figure 5.3 Smart fitting room and smart dressingoni

5.6.2 Lean service improvement with RFID-based apparel aplications

The smart apparel retail system has a number otitesdhcluding smart fitting room and
smart dressing mirror enabled with RFID technologyh the promise to enhance
shopping experience by offering responsive mix-aradeh capability based on real-time
analysis of customers’ behavioral data stored ® database together with the
implementation of essential shop management fumettbrough realizing Aml features
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over a lean service environment in Firm A's restdres Figure 5.3demonstrates the basic
operations and flow of shopping process assochatttdthe RFID-enabled smart fitting

room and smart dressing mirror.

Both smart dressing mirror and smart fitting roone &quipped with RFID readers
embedded with middleware and intelligent appargiliegtion which respond to any
clothing item equipped with RFID tag associatechwegistered product ID and can be
further associated with relevant product data ahdtg image stored in the backend
databases on the in-house networks.

Smart Fitting Room Smant Fitting Room
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Roll-up

Figure 5.4 Roll-up and drill-down of mix-and-mat@commendations

It is the design objective thamix-and-match recommendations are provided to
customers in a faster and easier way than conveltiouman method. For arousing
customer interest, smart dressing mirror is thet iccess point in fashion shop providing
simple mix-and-match recommendations through inmggection or high resolution TV
display. When customer presents the tagged fastaors in front of the dressing mirror,
the product images and mix-and-match image slidevsif the products are displayed on
the adjacent screen. Based on the recommendatistgneer may proceed to the smart
fitting room which equips with a touch-screen digplvith the capability of showing detail
product information including product ID, price,laQ size, as well as inventory status in

an organized mean through the user interface cdppearel applicatiorzigure 5.4 shows
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the user interface of smart fitting room modulee froduct search flow is similar to the

one provided by smart dressing mirror with whiclstomer has previously accessed.
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Figure 5.5 Active monitoring at ePOS and displagleft message

As shown irFigure 5.5 clothing items that were picked by customers vadirgacked and
recorded by the smart apparel system with valuavlehe-spot” business intelligent data
associated with customer identity. With the newesys customers are able to resemble the
style that they want to portray in a more autonosnaianner and less relies on the staff
from the sales-floor. Besides, retailers may gagtant access to customer preferences and
buying behavior captured by the system in the simgpprocess, enabling them to offer
personalized product mix-and-match recommendafmnsustomers as well as marketing
strategies and business plans based on actuahwrsteeds. In addition, the electronic
point-of-sales (ePOS) module acts as the last agu@at in the shopping process through
providing contactless check-out functions whichessentially part of thénventory
management and transaction processing automationroutines with the transaction
records automatically updated in the database.ly.dke article surveillance module
plays the role of gatekeeper by generating aleasage to shop assistants at the ePOS as
well as alarm sounds if it detects any fashion iteat was not properly check-out. The
systems address all the three supply chain condegnisme, quantity andconfiguration

as shown imable 5.1

5.6.3 Results and discussions
Not all people in the world favor “high-tech” seres. Users may exhibit hesitation or even
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have difficulties of using them that involve lesdeuman interventions, i.e. users
apparently have no control on the outcomes. Thaltresay jeopardize the original
purpose of using RFID to realize lean servicedonesoperation. Thus, understanding the
motivations of apparel retailers to adopt and u§¢DRin retailing from the view of
management, first line staffs in the store andarasts may help better integrate the new
technology to the business. Four major adoptiortofacfrom both organizational
(compatibility and costs) and individual (ease sé @nd security and trust) perspectives
were identified in the case study by consideringlRRs an innovative technology in
contrast to existing practice. In general, the lteswere satisfactory based on the
feedbacks and informal observations from the field.

()  Adoption Factors

Compatibility

Compatibility of a product is an important deteramh of technology adoption as it
represents the consistency with the existing vajpest experiences, and needs of potential
adopters (Rogers, 1995). This organizational famboicerns both products developers and
merchants implementing RFID technology. Their staéfmbers were interviewed in the
study. The compatibility of RFID technology was kended in terms of how compatible
the technology is required with the contemporaggtations, standards or practices for the
integration with partners, sharing of resourcesachieving lower product cost. The
findings suggest that developers need to develolD Rifoducts complying with the
corresponding standards or regulations of targetkets as part of the industry

requirements.

“Far-field RFID technology is based on the 1ISO18608kandard operating at the
ultra high frequency (UHF) ranggEngineer of Firm S)

“It is crucial to make the smart apparel retail ®mst compatible with other RFID
components by complying with EPC Gen2 standard X8900-6¢) from the supply

chain integration perspectiVéProject Manager of Firm S)

RFID products are considered advantageous if ildconteroperate with information
systems that are commonly used in the retail basirme more specifically in apparel

retailing. For example, ePOS systems (front-endliegipn supporting transaction
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processing) and enterprise resources planning (E&yBlems (back-end application
supporting inventory management as well as othéerpnse business functions) are
typical business applications used by retail comggarRFID products may be in a better
position if they are compatible with the communigat interface of these retalil

information systems.

“Maintaining several non-integrated business appiaa suites is a nightmare as
considerable number of manual tasks and controcedores to be fulfilled by IT
department on a day-to-day basis. Stand-alone lessinapplications with low
compatibility with our existing systems unlikelypapr on our shopping list(IT

Manager of Firm A)

Costs

Cost advantage of a technology essentially reptesis economic benefit which is
considered as a relative advantage influencing temtogRogers, 1995). The ability of
driving product development cost down obviouslhyngs competitive advantage to RFID
product developer, while it is also not hard tolakpthat apparel retailers are more willing
to adopt RFID technology if it really helps redubkeir operation cost and even with lower
one-off investment. In fact, the findings suggédsittseeking long-term operating cost

saving is one of the reasons that the appareleetaiplemented RFID technology.

“The investment on the new technology was estimatdédeakeven in 3 years as we
hire less shop assistants and at the same timeacatimore businesses with this
innovative idea in supporting sales and shop mamegge’ (General Manager of Firm
A)

Ease of use

Moore and Benbasat (1991) carried “perceived eésesed, i.e. PEOU from TAM as

another measurement of relative advantage of awpptnovative technology if it can be

used in a free-of-effort way. PEOU is importanbtath staff members on the sales-floor
who are responsible for daily shop management astbmers where the new system is
expected to give them a unique and most importaftihssle free” shopping experience.
The findings reveal that first-line support stadfgpect the new system could relief their
workloads rather than needing them provide cornedipg technical support. Besides, the

merchant would expect PEOU could help capture tbeemt of truth to close the sales
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faster.

“The new system was supposed to provide customérstive ability of self-service
shopping without human intervention. This idea prasnoted to customers before they
start using the system. It would be quite embamasi$ we need to provide additional
technical support and this could jeopardize thegmral idea of using this systém

(Shop Manager of Firm A)

“A picture is worth a thousand words. The eye-catghmages projected on screen
depicting mix-and-match recommendations are expeotbelp close the sales faster”

(General Manager of Firm A)

Throughout the observations on the practical ushe@hew system in the retail stores, it
was revealed that most customers satisfied witlpéisormance. However, occasional
delay was happened when showing photos of mix-aattimrecommendation on screen.
The delay was due to prolonged detection of taggetion items by the RFID reader
embedded in the new system which was caused byopeprtag orientation and the
situation can be improved by fine-tuning the RF poments, according to the product

developer.

Security and trust

Previous studies on TAM have identified securityd arust as perceived risks for a
customer accepting new technology which are essbrithe antecedents of PEOU and PU
of the TAM (Hossain and Prybutok, 2008; Thiess®20In fact, our observations suggest
that security is one of the customers’ major come@n the acceptance of RFID technology,
especially for the VIP customers who have registéneir personal data with the merchant

previously.

“Will my personal data captured on this system ledeased to third parties?”

(Customer A of Firm A)

“Will this cause unsolicited electronic messagesdseg to my cell phone or receiving

marketing calls from agencies?” (Customer B of Fiddn

“How long is the data concerning my privacy retadnen the system? | dont quite feel
comfortable if my name was associated with thegseds as they are kind of intimacy.”

(Customer C of Firm A)
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The findings suggest that when applying RFID tedban in the retail environment, it
might involve perceived security risks (e.g. leakad personal data, unauthorized use of
personal data or fraud transactions) leading tac&ah of trust on merchants. Yet, risks
can be avoided or mitigated if RFID technology dopted by taking proper security
measures (So & Liu, 2006). For example, some pirawetrs argued thatcan users offer
informed consent when they dont understand a @ogy or forget that it exist§?The
argument complies with the principles of many dataacy laws elsewhere in the world.

The measure could help ease the concerns of seandtprivacy risks.

(I Business value-added framework

After identifying the adoption factors that motigaapparel retailers to use RFID
technology in store execution, a business value@ddamework Figure 5.6 was

proposed for further research in view of the latkeported empirical research in the
industry. The model aims to help management, piawcérs and researchers better
understand whether and how apparel retailers aBéfid in lean services that create

business values.

Adoption Factors

Technological Enabler Benefits/Outcomes
Compatibility

|
I
| | :
| | "
|
Costs : : i
REID-enabled Apparel Retail Systems | | Lean lmprovements |
- mix-and-match recommendation I I - customer experience (ime) |
- inventory management —,ﬁ—h - process visibility (quantity) |
- griicle surveillance | I - operations efficiency (quantity) :
z acti i ati - security controd (configuration
Ease of Lise transaction processing automation : : ¥ [config ] [
|
| I
|
o !
| : |
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Figure 5.6 Conceptual framework

In this framework, a RFID system as the technolalggmabler of lean services driven by
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four adoption factors creates values to an appatailer in terms of improving customer
experience, process visibility, operations efficigrand security control as previously
set-out to address the supply chain concernsnog quantity andconfiguration. Thus,

improved performance will enhance the overall efficy of an apparel retailer, generate
more sales volume, and increase profits eventualya result, all these benefits of new

RFID initiative may potentially transform into amgractice in apparel retail.

(1 Managerial implications

The case study results and associated conceparakfvork in previous sections have
strategic implications to apparel retailers onirtady Aml space as lean services with
RFID technology. Both the merchant (Firm A) andduwct developer (Firm S) have to

consider various practical issues when implemantdhowing services,

Mix-and-match recommendations

The strategic intent of offering visual effects amah information to customers is to close
the sales faster than the conventional approactresding the concerns of using RFID
technology is the key to success as the momenuthf tan never be captured if customers
do not actually use it. Based on the findings afecatudy, the problems associate with

PEOU andsecurity should be resolved before implementing the neWwrtelogy on site.

| nventory management

Improving the accuracy and efficiency of operatiasigshe purpose of applying RFID
technology to inventory management. According ®lthManager of the apparel retailer,
the new RFID application software need to be irgtgt with existing system and hence,
product developer has to design and develop theiDRroducts compatible with other
major retail business application, e.g. ePOS systend ERP systems. Without proper
compatibility with other retail business applications, the usREID technology could be

limited.

Article survelllance

Existing electronic article surveillance (EAS) des which use magnetic technology are
mature and competitive in prices. Though the appatailer considered the new RFID

system could help save cost in long term, the @oRFID-based EAS should be offered at
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very competitive price in order to compete withstixig technology. Otherwise, the new
product is hard to survive alone but can only tstritiuted in bundling with other RFID
components as total solution before existing pr&xloeach the end of their product life
cycle. Hencetime to the market andcost advantage is important.

Transaction processing automation

Similar to the case of inventory management, coibiit of new RFID system with

existing retail business applications is importadatrther, many ePOS systems have
already bundled with bar-code scanner as inputcde\RFID product developers may
consider product integration with ePOS product westhrough forming strategic alliance.
Therefore, botltost advantage and compatibility are the critical success factors in this

aspect.

5.7 Conclusion and future research

The study explores various factors in relatioretthhology adoption concerning the use of
RFID technology that influence the implementatidriean service operation in a retail
setting. Research instrument was developed basdwaaview of related RFID literature.
A comprehensive case study was then conducted amdatioption factors of the new
initiative were identified(1) compatibility, (2) costs (3) ease of useand (4)security and trust
In reality, getting new idea adopted, even if it has obviousathges, is often very difficult
which may take quite a lengthy period and may ifaithe process of adoptioR¢gers,
1995. Thus, managerial implications of applying RFEzhnology to lean services were
discussed with the purpos®ealleviate the practical problems and user corgeso that RFID
can deliver maximum value to apparel retailers imclv the most influential implementation
issues include(1) PEOU, (2) security (3) compatibility, (4) cost advantageand (5)ime to
the marketFurthermore,te study triggers future researghconceptual model associating
RFID apparel system with four adoption factors éeah improvement objectives (i.e.
customer experience, process visibility, operatieficiency and security control) was

proposed for further research by generalizatiarder to help better understand this topic.
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Chapter 6 LEARNING FROM FAILURE: A CASE STUDY OF
ADOPTING RFID TECHNOLOGY IN LIBRARY SERVICES

The fourth article was published in thernational Journal Technology Intelligence and
Planning (So and Liu, 2007). As indicated in Chapter 1, tsearch was financially
supported by a research grant at Hong Kong Polgtectniversity with the budget
approved by the co-author, who was the head ofrttepat for whom the researcher
worked. The first author is the only researchehia project. The research studies a failed
case of adopting lean services enabling techndiodiprary operations by exploring the
application of RFID technology in library servicelthough the findings indicate that
adopting RFID technology in the library has redlilie performance improvement in
operations management, it also suggests that aesseof regulatory compliance is
important in acquiring management practice fromtirsgt strategies, planning to
implementation as it could involve extra cost agadtime of launching the new services
which jeopardize the original purpose of improvsgyvice levels and customer values.
Thus, organization readiness in human aspectspsriant to the success of lean services.

The findings of the third article indicated thatsety and trust are one of the adoption
factors for lean services, while the findings & thist article suggested that human factors
are important to delivering a foolproof systemlfsan manufacturing. Negligence of these
two factors in designing new services will probaldgd to failure. The implementation
issue that occurred in this case study demonsttlasshe library staff may lack the skill
and teamwork in designing the new library servieesl the security and trust factors were
ignored which led to none compliance with the daigacy law in Hong Kong. Results
were additional costs of hiring professional cotemik for problem resolution and the
delay of the new services launch. The findings stimat organization readiness is crucial

to acquiring management system as it influencesgiltiee firm’s operations.

The case studies of this paper and the third articmplement the first two studies through
identifying human adoption factors based on usg@esg&nce in real-life. They aim to
contribute to designing services with lean prinegplhat are appropriate for human use in
the field and the development of a generic learptoio approach aimed at improving

entire supply chain competitiveness.
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Learning from failure: a case study of adopting rado frequency
identification technology in library services

Abstract:

One of the biggest myths about technology is tea itiat any company can easily embrace
it and comfortably expect results. However, sudtggmplementation of a technology for
an organization depends on many factors and orgtmiizreadiness is most important. The
readiness of strategy, people, process and systamarity should be assured for
implementing the technology successfully. Radiogkesncy Identification (RFID), an
automatic identification technology that aims ahamcing customer experience and
improving operation efficiency, is now widely usieddifferent business sectors. It is not
uncommon that problems, such as privacy issuesimaling customer information and
changes in workflow, appear in various RFID appiarss. This article attempts to give a
brief introduction to this technology, highlight ggible issues in its implementation and
develop strategies to tackle the problems. A cdsdysis presented, analyzing the
organization’s readiness for adopting RFID techgglm a medium-sized library. Future
improvement is proposed through learning from impgatation failure.

Keywords: e-library; integrated library system; ILS, libyamanagement systems;

LMS; radio frequency identification; RFID; unmanndztary
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6.1 Introduction

Libraries have made significant investments in cotepbased resources, training and
services underpinned by a combination of technekgHowever, such investments need
to be utilized effectively to add value to librasgrvices and avoid misuse or abuse. To
meet investment objectives, library administratoeed to take a proactive role in
managing technology infrastructure. Advanced cdifiab built on library infrastructure,
such as automatic item and patron identificatiacking and tracing library materials, and
personalized information services, can be helpfa. support these capabilities and
integrate the underlying infrastructure into exigtiibrary operations, Radio Frequency
Identification (RFID)-based integrated library syst(ILS) can be developed to align with

library functions and operating processes (Ayr&&0

RFID is widely used in many leading organizatiomsriany business sectors (So, 2006).
According to UPM (2006), a global supplier and nfacturer of RFID tags and inlays,
RFID holds the promise of replacing existing idéadition technologies, such as bar codes.
RFID is also used in many libraries to automateimggsand returning of books, videos and
CDs and to give real-time visibility of library iemtory. Until recently, books and CDs
were identified with bar-coded labels, each of wead to be read individually with a bar
code reader. Inventory control and reconciliatiogreva laborious and time-consuming
operation. With RFID, books and CDs can be chedkednd out automatically and
inventory control can be automated with fitted swas or their hand-held counterparts.
The result is a reduced need for personnel and eéhrhigher degree of accuracy in
inventory management (TAGSYS and Sirsidynix, 200BM, 2006).

Developing and implementing an RFID-based librasstam is highly achievable through
carefully tested system design and implementatiethodology. However, management
should also pay attention to the risk of intrudmg customer privacy in the course of
distribution, processing and use of personal daah@den, predictive customers
information might be obtained in data mining or kdmdata management activities (So,
2004). It would be necessary for libraries to ddogstrictive measures in both

administrative and technical aspects to prevensiptesprivacy intrusion.

This paper discusses supportive literature andksit@s a generic model of ILS

through integrating processes and utilizing RFIplaations to optimize information flow
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in library operations. The article also brings e issue of possible intrusion of data
privacy in the process of manipulating personahddtlibrary patrons. A case study is
presented to illustrate how an RFID-based ILS v&sido improve operation performance
of a medium-sized special library in Hong Kong, hp&rsonalized information services
might potentially break the law and how the librargnagement tackled the problems.

6.2 Evolution of library services

Libraries have traditionally performed a role ofpital repository, housing print materials,
with catalogues directing access to locally hekbteces (Maquignaz and Miller, 2004).

E-library shifts the paradigm of the traditionaler@f library to that of online resources

centre. The accessibility of the web facilitaters &hift, and catalogue records describing
local print materials now sit side by side withasts providing links to both internal and

external web resources. Although the inclusionhase electronic sources “enriches”
library collections, it is, however, “inherentlygilematic” as such electronic sources do
not have the traditional base of standards fousioh that print materials do (Porter and
Bayard, 1999)For example, conventional subject heading systeunsh as Library of

Congress Classification (LCC) scheme, cannot ifiehtternet resources.

With extended physical and virtual scope of libraojlections, library users experience
greater difficulties in locating appropriate resmg effectively. Generic search tools
overwhelm users with unrelated titles. In ordecape with the increasing expectation and
demand of digitally literate end-users, being ablprovide rapid search and personalized
information services is important to libraries. $heservices can be enhanced with the
reading pattern of users shown in searching. Datenwill be a useful tool for this, as it
is “the process employed to discover and analy#tenpas in data and extract information”
(Han and Kamber, 2001; Trybula, 1997). According\Nioholson (2003), data mining is
the core of a larger process, known as knowledgeosgery in databases (KDD). KDD is
the process of taking low-level data and turningptid another form that is more useful,
such as a summarization or a model (Faystdl, 1996). In the past few years, several
researchers have discussed the appropriatenesmgfdata mining techniques in libraries
(Banerjee, 1998; Chau, 1999; Nicholson and Star2603). Applying data mining in
libraries not only can create better search tdold, may also help extract patterns of
behavior-based artifacts from library systems (Wisbn and Stanton, 2003).
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According to Ipsen (2004)There is little doubt that RFID usage in libraii@becoming a
necessity. There is pressure on both public andeswoi libraries to increase productivity
and become more like “for profit” institutions ataldo more with smaller budgét$rom
the operation perspective, many libraries want nmibi@n reliable security for their
collections. They want to streamline collection mgement, improve traffic flow, speed
up check-in and check-out, increase productivitypriove customer service and ensure
collection accuracy (3M, 2006a-b). Some librariedaborated with library management
system (LMS) suppliers to develop ILS to achiewesthgoals and maintain a high level of
security, such as combining RFID and data-miniraptelogies with conventional LMS
(Checkpoint Systems, 1999; Kim, 2006; TAGSYS, 2006% is expected to not only
provide the capability of tracking and tracing plgs library items, but can also offer
personalized services. It is to ultimately becoime énabling technology of one-on-one

personal library services.

6.3 Fundamentals of RFID technology

RFID is an automatic identification (Auto-ID) teaflogy developed by Auto-ID Center at
Massachusetts Institute of Technology, storing r@maotely retrieving data using devices
called RFID tags and readers (Auto-ID Center, 200®yle, 2004; EPC, 2004b;
Finkenzeller, 2000; Shepard, 2005). Using RFID mebtbgy, physical assets will have
embedded intelligence that allows them to commueiaéth each other and with tracking
points (Auto-ID Center, 2002; IBM, 2003; VeriSigz)04).

EM Wave RFID
RFID e, antenna  RS-232CUSB

teg B : LMS

RFID
Reader

A

Library ltem

EBODMCD}R/—/ _-

Interrogabion Zone < 1m

Figure 6.1 RFID System set-up for interrogatingdily materials
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An RFID tag is a small object that can be attadbedr incorporated into, a physical item,
such as a book, an animal, or a person. When ab R&Y passes through an
electromagnetic zone, it is activated by the réadmativation signal. The reader decodes
the data encoded in the tag's integrated circilitda chip) and the data is passed to the
host computer for further processimggure 6.1shows the basic set-up of RFID hardware

for use in library management application (Kern)£20Singhet al, 2006).

FREQUENCY | 125 kHz 97 MHz 13.56 MHz | |303/433 MHz | 860-960 MH: | 2.45 GHe
TAG TYPE User Authentication & Identification
Passive  [ISO11784/5, | IS010536 [/ MIFARE N 1S018000-6 | 150180004
14223 iPico DFAPI (15014443 EPCclass 0 Intelliag
13018000-2 EPC class 1 p-chip
< (1S015693) EPC GEN 1
15018000 Intdlitag tolls
Library Asset Management / d (Title 21)
rail (AAR 5918)
Saerni-pa ssive rail (AAR S918) | 150180004
Title 21 Alien BAP
Active Savi 150180004
(ANSI 371.2) Vil herefilet
15018000-7 (ANSI 371.1)
RFCode

| High Frequency RFID Systems |

Figure 6.2: RFID protocol categorized by frequeany tag type

In general, RFID tag technology dictates the opeggtarameters of an RFID system. As
outlined by ABI, Inc. (2002), other than tag poweurce, operating frequency is another
major factor influencing the type of RFID appli@ats, which can be categorized as: (i)
low frequency (LF) for access control or point-afes (POS) applications, (ii) high
frequency (HF) for handling baggage or library itenasset management application, (iii)
ultra high frequency (UHF) for supply chain managem(SCM) application, and (iv)
microwave frequency for electronic toll collectioapplication. The International
Organization for Standardization (ISO) and EPCdladba very active in developing

RFID-related standards (EPCglobal is an organimateading the development of
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industry-driven standards for Electronic Productd€® (EPC) to support use of Radio
Frequency ldentification (RFID) in fast-moving amdormation-rich trading networks)

Figure 6.2illustrates the categorization of RFID protocol.

According to Arye (2006), there are two ISO staddapplicable to library RFID systems.
The current standard, ISO 15693, which definegthesical characteristics, air interface,
and communication protocol for RFID cards, was orginally designed for item-level

tracking used in libraries but for supply chain leggiions. Yet most RFID tags follow this
standard. ISO 18000-3, a new standard designatkefarlevel tagging, was published in

August 2004, which allows more secure communicatlmetween tags and readers.

6.4 Application of RFID technology in library services

RFID can help libraries identify and locate evea thost remotely out-of-placed item,
speed up inventory processes, and enhance custexperience through increasing
product availability and delivering fast checkoufhis allows libraries to improve
customer services and maintain inventory accuradyich lead to more rewarding
experiences for library patrons. In addition, im@tion of library material utilization
associated with the reading pattern of any padicusers or user groups can be obtained
by linking RFID data with LMS. The practical usé BFID technology in library

management is shown kigure 6.3

RFID-based Library
Management

Track Library Security . .
Material Usage Library Self-Service

Reader’s Behavior Man-less Library
Personalized
Information

Figure 6.3: The use of RFID in library management
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The following three cases illustrate how applicasiof integrated RFID technology in

libraries benefit library administration:

(i) National Library of Korea (NLK) has introduced and operated an RFID system linked
to its library card registration policy since J@R05. NLK aims to set up the foundation of
Ubiquitous Library to provide high-end patron righind upgrade services. With the
application of an RFID system, NLK is able to pawia more convenient environment to
patrons by allowing them to check out on their asimg the self-check kiosk. Meanwhile,
with the aid of the new technology, NLK is techiig@apable of handling a much larger
collection (Kim, 2006).

(i) Farmington Community Library , a U.S. public library serving the communities of
Farmington Hill district, is the first library tostall an RFID system in 1999. The company
reported that the new system had reduced its tirmok-taking from four or five months

to one day. The self-service function offers pagrqmivacy and enhances customer
relations by eliminating long checkout lines, amdes up library staff to assist other
customers. Furthermore, the check-out/check-in bynattendants has been reduced by as
much as 80% (Checkpoint Systems, 1999).

(i) Shenzhen Library, with the largest RFID library application in Chimand second

largest in the world at present, has used an Riyiles to realize the vision of a fully
automated library where patrons can borrow andmdtiorary materials entirely on their
own. The organization has reported that nearlyrilbon RFID tags were integrated and
installed on books, CDs, VHS tapes, patron camdd,aher library materials. With the
application of an RFID system, the library is cdpabf handling four million books,

servicing 8,000 patrons and circulating 50,000 rwds per day (TAGSYS, 2006).

Seen from these examples, RFID helps librariesigeospeedy inventory processing and
enhance user experience by delivering faster chaskdt also helps secure physical
library materialsTable 6.1illustrates the memory mapping of 1024 bits PasBi#ID tag
implementation for library management, proposedA$SYS.

The design of RFID-based LMS aims to facilitaterdity circulation process through
incorporating identification information (such axations, items and borrowing status),
even when library items are situated at multipatmns. As a result, the system can not

only keep track of patron’s borrowing history ahe tife cycle of a book (which enables
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librarians to maintain better inventory) but alsffeo better security control (which

facilitates self-services provision to library useby following the circulation rules of the
library (Kern, 2004; Singhet al, 2006; TAGSYS and Sirsidynix, 2006). Thus, an
“un-manned” library can then be developed withgb&ential benefits of reduced staffing

cost and streamlined operations.

Field name Space (Bits) Capacity Area Write access Memory
Reference Item 1 Binary Status Recommended
Locating data 5 Up to 32 sorts Recommended
Item type 4 Up to 16 typ'es - Recommended Library Administrator Write once, then
. . A 15-numeric digit barcode locked

Item identifier 48 Mandatory

number
Multi-item ID 6 Up to 8 multiple items Mandatory
Extendin - Up to 16 floors Managed by applicative

ang 32 - 512 sections/dept Recommended |software / Administrator

Shelving section )

- 8 shelves Access at programming .

- Read / Write
Check-in/Check- - CI/CO binary status
32 - full data of the last operation |Recommended |Automatic at Cl & CO

out data

- etc

;jiMi?;”grum 8 alpha numeric Managed by applicative Write once, then
Library identifiers 64 gits, . Optional software / Administrator locked is

- 2 alpha numeric and 12 .

L Access at programming recommended

numeric digits

Free use >800b 16 numeric digits Optional free According to the
data stored

Table 6.1: Memory mapping of RFID tag for libraranagement

Furthermore, more than 800-bits free-for-use REIPrhemory is reserved for libraries to
implement value-added applications, such as trgaoksage patterns of patrons and tracing
physical library items. However, such free-for-usemory may potentially contain
patron’s personal data, which is particularly ukdtr tracking patron’s preference.
Library administrator should pay attention to thecwgity measures concerning
confidentiality and data privacy (So, 2006; So ang 2006; TAGSYS, 2005).

People are often interested in stories of succasshy away from those of failure, yet
valuable lessons can be learned from failure tp hehieve future success (Kam, 2006).
The above cases are all success stories of apgh#iD in libraries. However, the barriers
to success and how people and organization leamm failure to achieve success in RFID
implementation are not discussed. In the followsegtion, we present a case study of a
medium-sized special library implementing an RFiBtem, and discuss how the library

made improvements through learning from its setback
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6.5 Case study

Similar to other privately owned libraries, the YBiblical Institute Library (YFTL), a
medium-sized special library in Hong Kong, is farithe same challenges to improve
customer satisfaction and reduce operating costseirface of budget shortfall. Library
budget is tight, and increasingly, it is tryingewpand services and extend opening hours
while coping with increasing circulation needs. éwmiating library operations with
self-check systems is one way with which that iasimeg circulation can be managed

without having to increase staffing.

YFTL aims to become a fully automatic library anyde self-check systems with the
use of RFID technology so that library utilizatioan be increased and more funding can
be attracted for future development. In the hopetawkling these challenges and
establishing more profitable relationships withras&¥FTL started its RFID-based library
initiative two years ago. In 18 months, the libraas gone from feasibility study, planning,
design to implementation with the help of RFID &by system consultants. The
consultants have extensive system analysis experiand positioned the reengineer
project as a system development project. Basintheheory of Semprevivo (1982), the
consultants developed a system analysis model, rshow Figure 6.4, for the
implementation of an RFID system in YFTL.

MANAGEMENT ORGANIZATION
¥
CATALOGING ’ SERIAL ’ REFERENCE FUNCTIONAL
Fy Y
[ FLOW OF LIBRARY ITEMS | OPERATIONAL

| | I |

COPY DESCRIPTIVE ‘ SUBJECT

CLASSIFICATION PROCESSING ACTIVITY

CATALOGING CATALOGING ANALYSIS

Figure 6.4: The system analysis model for YFTL
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The system analysis model is divided into the feitg four levels:

(i)

(ii)

(iii)

(iv)

Organization: Changes needed to make the new system works wiibgndly
affect the organization. The analysts performedrganization-wide management
audit and carried out focus group workshops foirtii@dementation by considering
the following factors: (a) coordination of all depaents, (b) human resources, (c)
time, (d) financial resources and (e) compromisgkimvthe library. The library
administration then developed a project implememtgblan based on the result.

Functional: The requirements of each major functional groutheflibrary were
assessed, aiming to estimate the required capaditg system as well as to reduce
the impact of changes and the risk of failure. Hmalysts interviewed the
managers responsible for cataloguing, serials efelence to collect requirements

and performed impact analysis.

Operational: Process flows at operation level can be intradepantal or
interdepartmental. For example, Serials managenmesat library involves the
departments of acquisition, processing and cirmrat Analysis of
interdepartmental operations involves more cootdina than that of

intradepartmental ones, and can require more tiauwe anticipated.

Activity: All procedures within every single function wereadied in detail. The
process of reshelving books after they are dis@thigian example of an activity.
Conducting systems analysis at activity level inesl detailed analysis of work
processes, their associated materials and infaomé#&tws. Introduction of new
systems that improve operation efficiency and senquality always involves

changes of existing workflow.

6.5.1 Major system components of an RFID-based library

RFID technology complies with ISO 18000-3 standarith the objective of standardizing

library operations management so that the systemidmntify and locate information

about a particular library item, such as its bolirgnstatus, section class, and to which

library it belongs (TAGSYS, 2005). The followingssgm components underpin the basic

operations of RFID-based library management, inolgatron identification, security

control and library circulation process handling.
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(i)

(ii)

(iii)

(iv)

RFID Tags: Each RFID tag has a non-powered radio antentéghwcan be
communicated with through a powered antenna behgntp a tag reader on a
scanner or security gate. There are two main tgbdRFID tag used in library

applications:

» Standard tags- Standard tags are used on books, magazinesdffirectly to
the face of a video (in most cases covering onth@fwindows) and can be
affixed to cases for those CDs and DVDs that hagtaliic content.

= CD/DVD tags- There are circular tags, which are used on CI3/Ds. These
tags can be directly affixed to the inner circlé€®s and DVDs that have no

metallic content.

Multi-purpose Station (MPS): User-friendly workstations are used by patroms fo
checking in or checking out library items. Multdiual and easy-to-use instructions
are provided to assist patrons.

Security Gates Electronic Article Surveillance (EAS) is an atfteft system used
in libraries. This security feature is incorporateith RFID technology in the tag
and is activated or deactivated during check-icheck-out. Security gates with
this capability can detect EAS status. This plagsugial role in preventing loss of
library items, typically by setting off an alarm @man unauthorized checked-out
item is detected. This, coupled with CCTV and sreartd controlled turnstile, can

further enhance security of library items.

Library Management System (LMS): This is a software system that works with
RFID hardware infrastructure to manage circulatipmocess, including
self-checking, security control and other MIS fuoes required by library

administrators.

6.5.2 Development of RFID-based library management

In order to properly align and integrate libraryeogtions with major system components, a

three-tier hierarchical implementation model isviotated according to the finding of the

system analysis study conducted for YFTL. The imm@etation model is shown Figure

6.5
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Tier 3: Library Management

Internet

Patron2 Library Management
System (LMS) ~

Patrons:

C':aptur? real-n'me 'Status of patrons or Library Management Services is offered on top of the RFID-based
library items via different channels information infrastructure by passing the real-time status of the identified

individual or library items via different access channels and devices

EN T TN R TN :|—>
v 4

Tier 2: Tracking of
Objects

Tracking and tracing of library materials in RFID is an Auto-ID technology capable to uniquely identify a remote object

terms of usage & patron’s utilization pattern

with an RFID tag. By deploying the RFID-based information
infrastructure in alibrary, the objectives of Tier 2 (demarcation points) &
Tier 3 (tracking points or chock points) can be achieved

e, ik .. 'c::'
= — .f"'.-‘.':::lf AT '::E:'
Lpplicniion Sysivm Bpaler Tag

Tier 1: Automatic
Identification

Automatic identification of library materials and
patrons through RFID reader & tag communications

Figure 6.5: Three-tier library operation model

The hierarchical implementation model consistdheffollowing functional tiers:

(i)

(ii)

(iii)

Tier 1involves RFID hardwares, which include securittegaand readers installed
at access points of the library. The smart-tagsatteeched to library materials to

provide automatic identification and authentication

Tier 2 involves further development of RFID hardwaresluding antenna and
multiplexer installed at tracking points to keepck of the movement of library
items and capture real-time status information®tS to perform information

management.

Tier 3 automates library management through providingdedcking of library
items, locating out-of-location items and enablinidjzation analysis to be carried
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out by LMS. Most importantly, personalized informoatservice is provided on top
of RFID infrastructural hardware through integrgtansoftware module into LMS

to perform personalization function that alignshithhe usage pattern of patrons.
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Management _— _—
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Figure 6.6: Data flow diagram between LMS and exdksources

Tier 1 and Tier 2 of the model essentially implem&¥ID hardwares and related
middlewares that form the underlying system infiagture of the library. Tier 3 of the
model provides library system functions. Data flqwgth external data sources) between
these functions are illustrated iigure 6.6. In essence, the continuous flows of
information in library operations create a libramformation network that moves the data
from RFID readers, to RFID middleware and thenMS_server, and data is shared within

the library in real time. This is to enhance operavisibility and service quality.
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6.5.3 Improving operation visibility with RFID-based libr ary management

In practice, RFID tags carrying identification astdtus bits are directly related to library
item information hierarchically at item level, sect level and library level. As library
items move around the library, continuous flowsesdl-time status data are captured at
various RFID access points so that operation Wil increased. The improved visibility
of item flows, locations, utilization level and bowing status of library items helps library
administrators gather and link item informatiortheir database to improve efficiency in
acquisition, budgeting and exception handling tgrmut the operation processgure

6.7 shows the operations flow of the RFID-based Iyprar

7 N\
o ra

# oeess Control Reader

hult-Parpose Kiosk
Bormar
Fetm
Sorting

BAS Ganty 1

Figure 6.7: The operation flow of an RFID-baseddily management

Tracking users’ reading history on checked-outalisrmaterials is achievable through
extracting relevant information from the databaa conventional LMS used for library
item circulation management. However, tracking wisage pattern of in-library printed

material is different, as in-library materials dot o through proper check-out process.
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The “real-time tracking” features provided by anelrated RFID-based library system
(Arye, 2006) can help resolve this issue throudlriofg the capability of following item

movement (e.g. location, time, etc.). Another partTier 3 functions is personalized
information serviceFigure 6.8 shows the functional building blocks of an ILS ttha

delivers personalized search result.

Library Asset Management Technology Extraction & Transformation

RFID Status Data of Search Records of

Library Asset Library User
Updated Search Past
Status Experience
Al Techniques
CBR
Database/Data Warehouse Case Library

Case-extraction

Data-mining Case-adaptation
4 /

Obtain List of User
Preference

» Formulate New Case

Algorithms & Soft

Computing A A
Recommended
Personalized Search > Library Information
7 Resources

Figure 6.8 Functional module of ILS that offersqmeralized search

ILS employs a distributed computing design by cougpRFID with Data Mining and
Case-based Reasoning (CBR). An integrated libnaiyrmation management platform
was developed with the intention to improve libragrvices through providing personal
library resource search function to individual patrCBR involves making use of past
cases to perform new tasks (Kolodner, 1993; Watgod3). It is an Artificial Intelligence

(Al) technique that enables ILS to provide an iigeht way of tracking users’ reading
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patterns and develop personalized information. $earch result is personalized for
individual patrons based on their previous seaistoty as well as reading patterns. By
calculating the feature similarity between a newecand past cases, similar cases can be
retrieved and reused for new search (Céiat., 2003a-b: 2004). Applying CBR and data
mining technologies, ILS provides patrons with moe&evant library resource search

results according to the patrons’ reading prefezeand borrowing history.

6.5.4 Implementation and operation issues

A number of issues arose from the implementatiol.8fat YFTL. Organizations need to
anticipate both technical and non-technical prollemhen implementing RFID
technology because process changes, data convarsiosystems integration are carried
out not only within the firm, but also among itadimg partners. The suitability of YFTL to

adopt ILS was evaluated in accordance with thewihg aspects:

0] Strategic Management To evaluate if the management has the strategiarvto
create values in customer processes through rdibgithe processes to cope with
new strategic goals. The business model was a&sktassee if it could support the

vision and offer appropriate services to users.

(i) Execution & Operations: To evaluate if the operation processes can phpper
underpin the strategic direction so that efficiennydaily operation can be

improved and problems solved.

(i)  Technology To evaluate the readiness of the Information metdgy (IT) of
YFTL, as IT is a key enabler to underpin managensénategies and operations

through ensuring confidentiality, integrity, andadability of information.

(iv)  Change Management A major change would happen not only on the egst
information systems, but also on various organdratiomponents, such as culture,
structure and strategy. A change management @moaserseeing by the
management and an executive committee would bélissted. Ineffective
change management could lead to disastrous outcasngroblems may arise in
neglected cross-functional communications, strategnisalignment and

overlooked cross-functional synergies among aftedepartments.

(v) Project Management Project management approach, such as structymejefct
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management team, methodology and implementatiomplg, would be assessed.

These are part of the critical success factorpfoject implementation.

Issues in the course of implementing ILS at YFTIh ¢z identified. The results are

summarized iMable 6.2

Areas of
evaluation Findings Major problems
Strategic YFTL management has strong Nil
management commitment to support the initiatives
of using RFID technology
Y¥FTL management is able to drive
the kev staff at operation level to
automate the library with RFID and
redeploy staff at the frontline to
provide value-added services
Execution and Execution Ezecution
Operatons The RFID technology can be Nil
smoothly integrated into the LIS
and workflow
Operations Operations
Data privacy may be abused Without proper scrutiny when
as personal data was used in applying user’s data, patrons may
data mining be reluctant to maintain a closer
customer relationship.
YFTL may face legal action if data
privacy was abused that lead to
law breaking
Technology The RFID technology used for library Nil
asset management is mature and stable
Change YFTL management establish and lead Nil
management the change management committes to
approve and control the changes in the
project, including process, human
resources and technology in order to
make sure the implementation is
carried out smoothly
Project YFTL management champions the Nil
management project team with relevant project

management methodology with proper
control on time, cost, 1ssue, change,
human resovrces and risk.

Table 6.2: Major problem of adopting ILS at YFTL

It appears that there are no major technical amdt@chnical problems reported in the
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course of implementing RFID technology in YFTL, eptthe possibility of violating data
privacy in the personalized search function of TserAlthough data mining helps
businesses build a better relationship with patréms capability may add to the risk of
intruding on data privacy of patrons. Without progecurity measures for user data,
patrons may be reluctant to maintain a close amatiip with YFTL and they may even
pursue legal action against YFTL their personahdedre abused. Therefore, YFTL ceased
rolling-out the service of personalized informatibafore the issue could be properly

resolved.

6.6 Problem analysis and discussion

YFTL employed a legal advisor and an informatioousiy consultant to help sort out the
problem. It was suggested that the vulnerabilihetata management activities concerning
personal data should be identified, followed by #umption of appropriate restrictive
measures to prevent privacy intrusion of personfarimation. The information security
consultant developed security policies for YFTLe8fic baseline security controls are
indicated in the policies and were implemented estrictive measures to solve the

problem.

Restrictive measures are applied in the aread@imation security, systems security and
personnel security. Information security is coneermwith ownership, accountability and
classification of information. In order to properandate the implementation and ensure
application of security policies, business ownetshbe identified, and information must
be classified according to its confidentialityggtity and availability (CIA) to be managed
by its owners. Systems security is about passwaadagement and virus control for
safeguarding the information. Personnel securiticems the control of third parties who
access or process the data. Administrative contm@snvolved to maintain information

confidentiality and integrity.

6.6.1 Fundamental sequence of data management activities

The consultant identified the sequence of data gemant activities in YFTL which
showed how and where privacy restrictive measunesld focus. It was suggested that
restrictive measures should be placed at majorkchemts along the data management

process.
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There are three main stages in data managemerggsrooncerning the manipulation of
personal data, namely, (i) acquisition, (ii) anayand (iii) use. Each stage consists of one
or more major data management activitieggure 6.9 shows the flow of personal
information processing at each stage.

Acquisition >> Analysis >> Use

Event/Case/ Data Data Data Direct use: py
g«ctivity: | gulle_c:tiun: ;tudrage: Enalj-,f_sit_s: |y if-house data
CCUrS an ensing, ade ssociation,

subject ™ ohservation, —* available for ™ agoregation, e

individual is capturing analysis, organization,

identifiable personal data knowledoe interpretation, Secondary use:

discovery selection —* Personal Infarmation

sold or shared with
third party

Figure 6.9: Major data management activities ogpeal information

These activities actually form an information distition chain and value is added at each
stage. The later the stage where data is prodtivedhigher the value associated with it
and the greater help it is for decision makingerBhmay be harm to library patrons when
there is misuse/abuse of personal information.usoeeds to be placed at the point before

personal data is distributed for use.

6.6.2 Protection of personal data privacy by law

If the “handlers” of personal information are regfeld under privacy law, this focus shifts
from the chain of distribution to the chain of mdy. Custody recognizes that subject
individuals have rights in their own informationdathat privacy regulations regulate the

activities of information handlers in the three maiages of data management.

In Hong Kong, Personal Data (Privacy) Ordinance waacted in 1995 to protect
individuals’ personal data. Itimposes six priv@einciples that apply to any persons (data

users) who control the collection, holding, proaegssecurity and use of personal data.
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The coverage of the ordinance is summarized imesseTable 6.3

The personal data should be The data subject should ascertain

Collected only if they are relevant to the data A data user’s policies and practices and the kinds,
user’s activities and in a manner that is lawfol  and main purposes, of personal data held
and fair

Accurate and not refained longer Whether data are held relating to that individual
than necessary and have the right fo access and correct such data
Used only for the purposes) for which the

data were to be used at the time of collection,

unless the data subject expressly consents

Held securely

Table 6.3: The coverage of personal data (privaoyinance

The Ordinance establishes a comprehensive framewadgulate the use of personal data
and applies to both the public and private sectoospputerized and manual data. It
generally provides good control over the three nstééiges of data management process.

On regulating the use of data, Principle 3 of thdigance states:

“Unless the data subject gives consent otherwigeqrel data should be used for

the purposes for which they were collected or adlly related purpose.”

However, exemption from Principle 3 is allowed undertain conditions. Section 62
provides exemption from Principle 3 where dat@ibé used solely for preparing statistics

or carrying out research.

With exemption, data users may transfer person@ ttathird parties, such as market
researchers conducting surveys or other reseatulitias, without getting consent from
data subjects, though research results are restrsct that data subjects are not identified.
However, the possibility of data abuse by thirdtiparremains if no proper control is
imposed in the organization’s distribution chaih.is suggested that data users should
adopt appropriate restrictive measures to prevamgeof personal data from happening to

data subjects.
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6.6.3 Security control on handling personal data

The basis of security control is that accountapifind responsibility can be properly
defined and exercised to secure information andrabdata users where personal data is
part of a critical business information asset. Bheiness owner of YFTL was identified
with clearly defined responsibilities such as authng access of data, mandating the
implementation of security controls through makswge all user access and privileges
remains current, and, most importantly, acceptiny aisk associated with the
non-implementation of security controls. Theseiamgortant for the effective application

of security controls in the library.

Area of control

Deseriptions

Ownership and
responsibility

Classification of
information

Information/
process protection

Control over
information
transfer and
dizstribution
Contract with
contractors and
trading partners

Proper role and responsibility for managing information asset should be
clearly defined including at least the following:

Business owner with overall responsibility on business information,
including personal data
Information systems owner
Security administrator who manages the proper execution of
security guidelines.
Business information including personal data, should be classified according
to confidentiality, integrity and availability (CIA).
Personal data must be handled under segregated control by following the

requirements of specific information classification.

Perzonal data must not be made available outside the business withouot
management avthorisation.

Confidenrial information including personal data should be transported only
by trusted party and protected by appropriate technical measures according
to the predefined information classification.

Personal data access by or transfer to third party should be based on a formal
contract including at least a confidentiality {non-disclosure) agreement.

Table 6.4: Areas of security control for handlireygpnal data

Table 6.4summarizes the security control that underpinsdipie 4 of the Ordinance for
regulating the security of personal data and seagesomplementary guidelines for data
users.In addition to encryption and randomization of ddtee following five areas of

security control were implemented in YFTL to prdtpersonal data:
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(i)

(ii)

(i)

(iv)

(v)

Ownership and responsibility. The principle of this control area is to ensure
proper division of responsibility, and check andabae in YFTL. The librarian is
the business owner responsible for overseeing ii@ementation of library
security policies. The IT officer of the library ike information systems owner
overseeing the library systems and the technolofygstructure. As YFTL does
not have a permanent security administrator, tf@nmation security consultant
was appointed to implement the security controlficeted in library security

policies.

Classification of information: Business information of YFTL was categorized
and graded according to its confidentiality, intggand availability. Each category
was graded by the business owner as high, medidawoFor example, personal
data of patrons such as data of birth and ID nundrer graded of high
confidentiality, high integrity and highly availdity, while book records of the
library catalogue are graded as low confidentialitigh integrity and medium
availability. The application of system hardware darsoftware for the
corresponding data was chosen according to theegFamt example, personal data

is encrypted in the storage system but book reaagisire no encryption.

Information and process protection Special use of personal data can only be
performed by dedicated library staff and any distting outside the library is

prohibited without approval from the librarian.

Control over information transfer and distribution : Data in the library system
are not only stored on hard-disks, but also reubkscked-up on digital tapes that
are stored at separated locations (offsite stdiagjkty for the purpose of disaster
recovery). The tapes storing highly confidentiaksomal data are sealed in
carry-case protected by digital pack-lock and aemdgported by an appointed

security service provider, which was carefully sadd by the library management.

Contract with contractors and trading partners: Companies or individuals from
outside the library who need to access persona dat required to sign a

Non-Disclosure Agreement (NDA) with YFTL before assing any personal data.
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6.7 Conclusion and future development

Aiming to improve performance of small- and medisimed libraries, a multi-tier
implementation model for an RFID-based library egstis presented. The model is
realized through a generic ILS, which was designgtth RFID/ISO technology and
data-mining application. The ILS aims to not onlyamate the library operations, but also
provide personalized information services with refiee to patron preferences. To validate
the feasibility of ILS, the system was implementedYFTL, a medium-sized special
library in Hong Kong. The analysis shows that tlemion of RFID-based LMS has
resulted in improvement in performance. However,ghrsonalized search engine carried
the risk of breaking the data privacy law in Hongn§. The library management employed
a legal advisor and an information security comsultto help solve the problems. In
accordance with the Personal Data (Privacy) Ordieathe consultant proposed a list of
security control measures to the library, includiegcryption and randomization
methodology over personal data.

Customer privacy can be better protected when mestadentity is not revealed and the
customer can remain anonymous even after data guininis suggested that the current
system platform can be further enhanced by creatingnonymous architecture to handle
customer information. With this architecture, cumsér identity is processed with
encryption whenever data is imported to a dataimginnodule for analysis. The
encrypted identity data remains unique to eaclviddal, but does not reduce the power of
data mining, and can properly protect customer gogv With this architecture,
confidentiality of personal data can be preservedmdata is released to third parties for
research.
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Chapter 7 CONCLUSION

7.1 Introduction

This chapter summarizes the conclusions of the palnlished refereed journal articles,
discusses the research limitations, provides stiggesfor further research, and finally

summarizes the chapter and the thesis overall.

7.2 Conclusions drawn from the four articles

Each of the four research articles contributesrtowkedge of and literature about lean
principles adoption concerning firms in both mamtdiaing and services sectors along two
different supply chain directions. Hence, two proerit lean approaches are reviewed and
analyzed, based on related literature and empidesh obtained in the research. The
outcomes of this research, including both individuad organizational adoption factors,
are useful to firms planning to use this manageragstem and practitioners who develop
and implement adoption strategies with associagedices. The following findings are

suggested to answer the research questions iéehitifiChapter 1.

The first article, So and Sun (2010a), studies adopting lean piexiin global
manufacturing firms in networked supply chain byabBshing the relationship between
lean manufacturing adoption and electronically-ée@ISCI. It addresses the following

four research questions:
1. What are the factors causing manufacturers to accepean manufacturing?

2. How significant is the value of lean manufacturing perceived by

manufacturers?
3. What impact does SCI have on the adoption of lean amufacturing?

4. What are the aspects of SCI that influence the addjn of lean

manufacturing?

The research questions can be answered by tebgrgjgnificance of the research model
and the hypothesized causal relationships, whielpesved statistically satisfactory. The
findings suggest that contextualizing EMSC in SGsipvely influences the adoption of
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lean manufacturing in a supply chain environmerticagkding to the results, the relative
advantage of lean manufacturing, which is represennh terms of its perceived
characteristics, i.e. the value of lean manufastuperceived by manufacturers, is the
function of EMSC-enabled SCile. electronically-enabled supply chain integnatiand
significantly influences the adoptiolm. practice, supply chain functions related to dieci
support and transaction processing are readily mtgn by the information systems for
lean manufacturing (Bozarth and Handfield, 200®y. &ample, e-kanban and efficient
consumer response (ECR), driven by ERP/EDI systextend JIT/lean manufacturing
along the supply chain and enable manufacturerssapgliers to work collaboratively
toward lean objectives (Waters, 2009). The resudticate that implementing lean
manufacturing in EMSC improves manufacturers’ opensefficiency through integrating
end-to-end supply chain information flow with therficipation of both manufacturers and
suppliers through joint investment in EMSC and fagrthe operations over this common

platform.

The findings also indicate that the two integratidimensions, i.e. organizational
integration (internal SCI) and supplier integrati¢external SCI), are significantly
correlated. With EMSC, organizational integratioashdirect influence on supplier
integration and the value of lean manufacturing pesiceived benefit which indirectly
influence the adoption. Also, the end-to-eaklanbarreplenishment signaling system can
be implemented over the EMSC with signals travelsdad/een upstream and downstream
of the manufacturing supply chain over these irgegt processes. This helps extend the
value stream of lean manufacturing systems fromufeeturers to suppliers that creates
mutual benefit (Womack and Jones, 1996). EMS(hagipeline of information exchange
in a supply chain and enabler of information in&igm, extend the value stream of lean
manufacturing such as reducing lead-time, inventmy operation costs, beyond the
internal operations of manufacturers. This infolioratnanagement capability adds value
to suppliers who provide parts to manufacturerstanclistomers who purchase finished
goods from manufacturers (Bozarth and Handfield)820NMomack and Jones, 1996).
Hence, the findings suggest that electronicallyeésthSCI influences lean manufacturing
adoption positively by keeping the value strearwfémd improving the relative advantage

of lean manufacturing.

Last, but not least, the results indicate thatjrigjob performance improved by adopting

lean manufacturing, could bring manufacturers entoobenefits and reinforce its
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adoption. More importantly, the results show tle bottom-line of manufacturers could
be improved if Buker’s (1991) JIT management apghotor lean manufacturing: i.e.
restructuring supply strategymplementing pull productigrstreamlining manufacturing

processandworkforce empowermerdchieves results, as justified by the high exqiary

power &) of adoption and perceived benefits.

The second article So (2010), is an extension of the first article using the same
empirical data set and studies the causal reldtiprisetween lean manufacturing adoption
and supplier integration strategy, based on soofadmation management and supplier

selection policy. The study addresses the follovtimge research questions:

1. Is adopting lean manufacturing in regular operatiors the sufficient condition

for becoming sustainable practice?

2. What impact does collaborative information managemet for supplier

integration have on the adoption of lean manufactung?
3. What impact do supply policies have on the adoptioof lean manufacturing?

Based on the same quantitative approach used ifirsharticle, both the research model
and hypotheses demonstrate statistically significasults. The findings suggest that,
based on Buker’s (1991) JIT approach, lean manufact should be first adopted in
regular use and demonstrate results in the follguaireas suggested by Buker, i.e. supply
management, production management, process optianizaand empowerment of
workforce before committing long-term use. The img$ also suggest that lean
manufacturing adoption is influenced by two EMSQoatalities, i.e. collaborative
information management (post-implementation) andicpdased supplier selection
(pre-implementation), offering manufacturers angpers information sharing and
e-business transaction processing functions in@tipg speedy and reliable information
exchange in the supply chain. Besides, the findaggeed with Rogers’ (1995) innovations
diffusion theory (IDT) that on-going adoption ofale manufacturing as sustainable
strategy is a long term commitment through a stmadt decision process from

understanding, persuading, accepting, implemenéind,confirmation of adoption.

Based on the previous studies of lean manufactyBrark, 2007; Caglianet al, 2006)
and supply management (Bozarth and Handfield, 2@8maraeset al, 2002), four

indicators are used to study the supplier integnagffect on lean manufacturing: i.e.
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suppliers’ delivery performancesuppliers’ ability to provide innovation and co-ags
support suppliers’ willingness to disclose cost and otheformation and suppliers’
historical performance These four indicators concern the essential saippguality to
fulfill the lean objectives, which can be usedlassupplier selection criteria, in part of the
supplier integration strategy. The results show ski@plier integration is process oriented
(pre- and post-implementation) and based on mutust (sharing planning and operation
data and both parties investing in the EMSC) whare important to run lean
manufacturing collaboratively. Relevant supplietegration strategy can be developed
based on these process-focused capabilities threafgitting and developing suitable
suppliers with the competency of supporting leannufi@cturing and, hence, the

collaboration is then sustainable.

The third article, So and Sun (2010b), examines a successful caseapting lean
services enabling technology to apparel retailipgtodying the implementation of RFID
in the service operation of an apparel retaileodugh exploring user experiences. The

study aims to answer the following three researgstions:
1. What are the adoption factors that cause the reta@r to accept RFID?
2. What are the improvements that RFID brings to the etailer’s operations?
3. What are the issues of implementing RFID in the retiler’s operations?

The results of the case study show that four magiaption factors in both organizational
(compatibility and costs) and individual (ease o€ wand security and trust) aspects are
identified by positioning RFID as an innovativetiaology in contrast to existing practice.

The first factor iscompatibility, representing an important product determinant of
technology adoption as it represents consistenttyexisting values, past experiences and
needs of potential adopters (Rogers, 1995). Adabmr influences product developers
and merchants, their staff members were interviewwdtie study. The compatibility of
RFID technology was evaluated in terms of how carbfgthe technology is required
with existing regulations, standards or practiaasitegrating with partners, sharing of
resources or achieving lower product cost. Theiffigsl suggest that developers need to
design RFID products complying with relevant staddaor regulations of target markets
as part of the industry requirements. Moreover,0RiSIconsidered advantageous if it can

interoperate with information systems that are camiy used in the retail business or,
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more specifically, in apparel retailing. For exag@POS systems (front-end application
supporting transaction processing) and enterpresmurces planning (ERP) systems
(back-end application supporting inventory managameill-of-materials and other

business functions) are typical business applinatissed by retail companies. Besides,
RFID is in a better position if it is compatibletromly with these retail information systems
but also the operation processes so that the mef§d¥ID to existing operations demands

minimal effort in terms of lead-time and resources.

The second factor ost advantagevhich essentially represents the economic beokét
technology and is considered as a relative advantdigiencing adoption (Rogers, 1995).
The ability of driving product development cost dowbviously brings competitive
advantage to a RFID product developer, while @$® not difficult to explain that apparel
retailers are more willing to adopt RFID technoldfgy really helps reduce their operation
costs with low one-off investment. In fact, thedings suggest that seeking long-term
operating cost savings is one of the reasonstieaapparel retailer is implementing RFID

technology.

The third factor iperceived ease of u¢fEOU) which is another measure of adopting
innovative technology by understanding if the testbgy is easy to use. PEOU s
important to both staff members on the sales fladrp are responsible for daily store
management, and customers for whom the new systexpiected to give them a unique
and ‘hassle free’ shopping experience. The findireyseal that first line support staff
expect the new system could relieve their worklpaather than needing their technical
support. The merchant would expect the ease-o&tigbute of RFID technology to help

capture the moment of truth to close the salesesoon

The last factorsecurity and trustare essentially the antecedents of PEOU and Rhkeof
TAM (Hossain and Prybutok, 2008; Thiesse, 2007)e Tindings suggest that, when
applying RFID in retail, it may involve securityskis, for example, leakage of personal
data, unauthorized use of personal data or fraugs#ictions, leading to reduction of trust
in merchants. Yet, risks can be avoided or mitigateRFID technology is adopted by

taking proper security measures (So and Liu, 2006).

The fourth article, So and Liu (2007), studies a failed case of ddggean services
enabling technology to library operations througkplering the circumstances of

implementing RFID in a library with the focus osues of identification and resolution, as
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well as drawing conclusions and practical implicas as insightful reference. The

following three research questions are addressteeistudy:

1. What are the issues of implementing RFID technologyin lean service

operations?

2. What are the solutions to the issues of implementinRFID technology in lean

service operations?

3. What are the practical implications of using RFID &chnology to improve

customer services and streamline operations?

The findings indicate that adopting RFID technolagthe library resulted in performance
improvement in operatiamanagement. However, the personalized searchengitne
new library intelligent services aiming to improeastomer values, carried the risk of
breaking the data privacy law in Hong Kong. Thedily management employed a legal
advisor and an information security consultant étplsolve the problem. In accordance
with the Personal Data (Privacy) Ordinance, thesatiant proposed a list of security
control measures to the library, including encryptand randomisation methodology over
personal data. Customer privacy is protected whstomer identity is not revealed and
the customer can remain anonymous even after datagnlt is suggested that the current
system platform can be further enhanced by creaimgnonymous architecture to handle
customer information. The findings indicate thataseness of regulatory compliance is
important in acquiring new management practice fregiting strategies, planning to
implementation, as it could involve additional coand lead-time for launching the new
services jeopardizing the original purpose of inworg service level and customer values.
Thus, organization readiness in terms of humancis®eimportant to the success of lean

services.

In sum, the objective of the thesis was to stuaydincumstances leading to successful
adoption of lean principles by firms that creatéuea relevant to their respective supply
chain position. The adoption of lean principleshise theme of research within the four
articles. By comparing and contrasting the findirags lean manufacturing and lean

services, the following important conclusions arawh based on the above findings:

(a) With the aim of eliminating wasteful processes seeking value in a sustainable
way, organizational factorsi.e. compatibility and cost advantagecan be the
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common objective of two different lean approackesindicated in the literature
review in Chapter 2, value is represented by netadidvantage of lean principles
specified as economic profitability, and customealue obtained from
products/services which is the common measure ofi¢éan approaches. On the
manufacturing side, Buker’s (1991) JIT approachlé&an manufacturing: (1)
restructuring supply strategy, (2) implementingl pubduction, (3) streamlining
manufacturing process, and (4) empowering workforceeate values to
manufacturers by improving their bottom line, inigththese competency areas
can be adapted to lean services. One of the majaes of Buker’s (1991) JIT
approach concerns process improvement that preasineglicity through
streamlining current processes and makes valuefftmw supplier, manufacturer
and all the way to the customer (Harrison and H@6K8). This concept can be
applied to create lean services at the customehtpaints. The findings indicate
that EMSC as an information management platformstgply chain members
enables external process integration between mectowéas and suppliers
(supplier integration), and internal production gaes integration within a
manufacturer (organizational integration). Basedhmnresults, the integrations
that lead to process simplification intensify tledue of lean manufacturing and
strengthen its adoption in practice, forming thei®af its ongoing adoption in
the long run. Moreover, manufacturers may restrectbeir supply strategies
such that only those companies who participateiarest in EMSC can become
their suppliers.

(b) Adopting lean services at customer touch pointsilkienced byindividual
factorsthat are characterized by user experience suc¢toash and feel”, in
which the nature is different to process integratichich mainly concerns the
competency of practice, for example, eliminatingt@astreamlining operations,
promotes fast changeovers and close supplier ogkdtips. The individual
adoption factors indicated in article three areeldasn the field experiences of
end-users which are closely related to “usabiligyknowledge domain dealing
with the interactions between a human and a péatitool or other human-made
object such as a door handle, a screw-driver, apaten or a computer-based
product or service, in order to achieve a particalan. The adoption factors,
“PEOU and “Security and Tru&t indicated in the results of article three, are
essentially the antecedents of the TAM (Davis, 1388t explain the willingness
of end-users in terms of the use and acceptanteiofology or systems. These
factors are helpful to practitioners designing wsernted services or technology
in realizing lean principles appropriate for use¢ha field by considering human
factors.
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(c) People, in many cases, play an important role gamizational improvement, in
which people’s participation is crucial when adogta new management system
that brings profound impact to the entire firm, éample, introducing the lean
principle. As indicated in the literature review@hapter 2, process automation
in lean manufacturing needs to incorporate humananiycs that involve
individual skills and teamwork. As such, empowerimanworkforce with this
capability is important to the implementation siescef lean principles and is
considered as a focus area of implementation. TheéinQs indicate that
implementing lean principles necessitates evalgatre work that people do,
either in a primary or support role, with respectie value objectives specified
for the service or product. Focusing on peoplealu® creation means, of course,
investing in upgrading the skill of staff througfaihing and team building, so
that the team is capable of designing their preessid solving problems to
achieve real empowerment and ability to deliveroalgroof system at their
workplace as discussed in Chapter 2. What occumitid the implementation
issue discussed in the case study of article fearahstrates that the library staff
may have lacked the skill and teamwork in desigrihvg new services for the
library. This resulted in additional costs of hgiprofessional consultants for
problem resolution and the delay of the new sesviaanch.

(d) Lean principles emphasize customer values and m@stoshould not pay for the
cost, time and quality penalties of wasteful preessand overheads in the supply
network (suppliers) and production activities (mi@cturers) that cascade all the
way to the services at the customer touch pointshenshop-floor (retailers)
triggering, for example, delivery delay, which imghat lean services in the
downstream supply chains are potentially influenbgdhe outcomes of lean
manufacturing, concerning the upstream process#as the other hand,
communicating the demand by customer pull oviearsbanlinked-supply chain
might improve lean manufacturing which, in-turn bts lean services. Based
on the findings and literature review in Chaptertl2e two different lean
approaches might be mutually beneficial if objegsiand implementation can be
properly aligned. Hence, firms, no matter manufetior retailers, should use
the same approach to adopting lean if by princiged practices carefully
aligning the value and process steps. Groundetiérabove conclusions, the
approach is summarized into the following five step

[1] Specify the value that focuses on customer andhbssi- Value is specified
on two fronts: (a) from the customer perspectivectvimay includeprice,
delivery speedand services and (b) from the business perspective

140



[2]

[3]

[4]

[5]

representing the value of shareholder and manageaiech may include
thereduction of cosandinventoryor acquiring new knowledge/skill

Align value objectives with stakeholders in the gamy and trading

partners in the supply chain (i.e. supply chainnterparts) — is a strategic
move with all key players in the supply chain warkitowards the same
target.

Identify the value stream — the whole sequencerotgss steps in the
supply chain with all the activities, no mattev#ue adding or non-value
adding, should be identified for the next step.

Make value flow in the supply chain — Wasteful &pkocesses are
removed by lean principles. With Buker’s (1991) ddproach that includes
(a) processes integration through SCI and suppliergrdagon, and (b)
empowering people with skill and teamwork capabdit the
tasks/processes improvement can be better supported

Enable customer pull signaling — By working colledtovely with suppliers
and retailers to make only response to a signat tiee customer based on
Buker’s (1991) approach: (a) restructure the suppbtegy so that the new
initiative is support by appropriate suppliers; aid implement a pull
system by establishing kanban signaling to comnateiactual demand to
upstream.

In conclusion, this thesis contributes to knowleddgmut and the literature on lean
principles adoption by extensive review and detaialysis on the topic through
empirically studying the circumstances in manufanguand services that represent two
supply chain directions, and by identifying the eex@idents in both organizational and
individual aspects leading to adoption. In additianfive-step lean principles adoption
approach is summarized, based on the empiricahiysd with the objective of delivering

this value-adding management approach to not ohly firms in retailing and

manufacturing, but also to their trading partnaas, supply chain stakeholders, by

improving the overall competitiveness of the ensu@ply chain.

7.3 Limitation of the research

As introduced in Chapter 1, the research is cawigdn two supply chain directions, i.e.
lean manufacturing and lean services. On this paises limitations are discussed as
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follows.

There are a few limitations in the two studies eanl manufacturing. First, the studies
examine lean principles and SCI from the standpafiatmanufacturing company (the firm
in the upstream of EMSC). The constructs are nptagiate for distributors and retailers
(the firms downstream of EMSC), as each constmcludes one or more production
centric item. Second, the implementation of leannufiacturing in a supply chain
environment may be influenced by contextual factetsch are not covered in the studies.
The factors may includiérm size a firm’s supply chain positigrandexperience involved
in the use of lean principles in relation to varsoEMSC systems and technologiésr
example, the larger manufacturers (relevant to fsime) usually have more complex
organization structures and supply chain networkteyant to a firm’s supply chain
position) which normally demand more systematic processesplpewith relevant
experience, and comprehensive information systerbg in place for supporting a firm’s
operations that are becoming more complex in thevorked business environment.

These contextual factors are suggested for covendgéure studies.

Two further limitations of the studies concern theasurement of concepts. First, the use
of a single respondent may generate some measureima&ccuracy. Second, the
performance of eliminating manufacturing wastesetiels heavily on the quality of
EMSC. For example, Leet al. (2009) emphasized that efficient data collectiatihwigh
accuracy is the key to e-procurement in order tehmse the right material of the right
quality from the right suppliers. Therefore, apprafe measurements, in formulating
relevant supplier evaluation function, and inteigigathe system with existing purchasing
functions smoothly, through capturing accurate meguents from both suppliers and
end-users, should be incorporated into the suppitegration strategy over the EMSC
infrastructure (Cheung and Liao, 2003; lezeal, 2009).

There are some limitations in the last two studi@st, the primary limitation is the use of
a single case study, as the research findings &eingle case may not be generalizable to
other cases or a larger population. Hence, the isdy results are used for
complementing the first two empirical studies thgbunsights into customer values by
capturing the user experience of using lean engidichnology. Second, the geographical
focus on Hong Kong can be seen as a limitation.ddoting the research in different

countries with a reasonable budget would mostylik&lengthen and validate the findings
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of the studies. Third, the customer values capturede studies are mainly related to the
lean services, i.e. the topic of lean principlespbn. It is suggested to enhance the scope
a bit further to cover the effect of lean servicesthe perceived values or perceived
benefits of the intended products that customers tzabuy.

7.4 Future research

Further research is recommended to improve uporeatahd the two respective parts of
the research. Future research areas are suggeshedily based on the limitations of the
studies. First, firm size as a typical contextaatér that influences the implementation of
lean manufacturing in a supply chain environmemtusth be considered in forthcoming
studies in order to examine lean principles adoptio firms of difference sizes. Also,
future research should survey multiple respondé®@M & logistics, IT and operations
managers) from each organisation. Hence, the ¢isoes of SCM and lean production
perception between the groups, and the impactalf discrepancies on the overall result,
can be examined. Further study is being condu@ed,the associated research paper,
“Supplier integration strategy for lean manufactgriadoption in electronic-enabled
supply chains”, authored by S. So and H. Sun, ldiglhed inSupply Chain Management:
An International Journa{Molume 15, Issue 6, 2010).

Second, in addition to the time and cost of opernatis the important measures of lean
success, some lean practitioners propose custoatisfastion as an alternate measure
(Plenert, 2007). On this basis, future study canmare customer relationship management
(CRM) against supplier integration in the EMSC eoriment that influences the adoption
of lean production. The empirical results will halgegrate manufacturers’ upstream
suppliers and downstream customers towards learufanctaring objectives. Besides,
measures on lean practice in other human aspactsas relationship management, can be
investigated in future studies so that manufactuwall know if people’s capabilities can
be improved. This is the value that TPS originalilyocated (Sugimoeit al, 1977). Third,
research items on evaluating the efficiency andir@ay of e-procurement for acquiring
suitable materials from the right suppliers will therived in future research by finding
additional items, or even replacing the origindlafevariables, to measure these concepts,

in order to establish an improved construct vafiiair et al, 1998).

Future research is also suggested in relationetéeft two studies based on the limitations
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identified previously. First, generalizing the casedy outcomes can become part of the
research objectives, for example, testing the lessivalue-added model proposed in the
third article. This limitation can be overcome bgse study tactics suggested by Yin
(2009), by using theory in single case studiesplication logic in multiple case studies.
Furthermore, a survey on a random sample, withrefuléy selected unit of analysis in
service and retail segments, is suggested, sgdinaralizability of the proposed model can
be tested with well established quantitative redearethods. Second, the burgeoning use
of RFID technology in other Asian countries, sushChina, Singapore, Korea and Japan,
may offer an opportunity to conduct studies ovesseith an appropriate budget, that help
validate the research findings. Last, the scopdéutfre research may be extended to
understanding the lean services effect on the sabfeproducts being purchased, by
developing relevant measures in the survey salledindings can serve as a reference to
marketers and product developers. A research @ajuEessing some of these limitations,
“A Novel RFID Application for Realizing Lean ServiBased on Customer Chain Operations
Reference Mod&] authored by S. So, is just accepted Dyge IEEE International
Conference on Industrial Engineering and EnginegriManagementin the topic of
service innovation and management. The confereriteba held from ¥ to 10" of
December, 2010 in Macao, The People of RepublCionha.

7.5 Summary

Lean principles is a management system using anpetthod and the philosophy behind it
is to link the value stream between the upstreach @mwnstream supply chain by
communicating the actual demand throughkidagbansignal. An integrated e-supply chain
essentially provides lean enterprises a platforractueve this objective. Establishing the
kanban-linked supply chain, demands informatiort teflects customer value is made
available across the supply chain. On this babkgs,current thesis studies the adoption
corresponding to firms’ supply chain position byendifying the circumstances and
antecedents in both individual and organizatiospkeats. The adoption of lean principles
are measured based on Buker (1991)’'s JIT approaathvincludes the supply strategy,
process integration, pull production, and workforempowerment. Each of these
management competencies create value to manufecctnobuding cost saving, lead-time
reduction, and inventory reduction. Extending thkie to manufacturers’ trading partners

or their supply chain counterparts is necessapyder to increase the competitiveness of
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the entire supply chain.

As discussed in the published refereed articlesSENnhtegrates information flow in the
supply chain and helps extend the value streamearfi Imanufacturing systems from
manufacturers to suppliers that create mutual liteB1SC-enabled SCI keeps the value
stream flow in the supply chain that improves tlaug of lean manufacturing and
strengthens its adoption. The process approaclurihef evaluated by relating the
relationship of supplier integration with lean méaaturing adoption in the second article,
through selecting and developing suppliers witHatrative information management
capabilities. The relevant supplier integratioratgtgy can be developed to help maintain
long-term supplier relationships. The last twodes focus mainly on the human aspect
that influences lean services adoption by shownggimportance of user experience and
workforce empowerment, as emphasized by Sugim&7{Land Ohno (1988). Human
factors such as PEOU and Security and Trust, baiseder experience, as well as skill and
teamwork, as a result of workforce empowermenttfaentecedents of lean adoption that
influences the value flow, essentially representingorm of business value that can

enhance the performance of lean manufacturingaor $ervices.

Lastly, the finding on lean services adoption impared and contrasted with the results of
lean manufacturing studies which are not addresgegrevious studies. This thesis
contributes to practice through putting together #alue creation steps, based on the
research findings, such that a systematic prodesdapting lean principles to business in
the supply chain context is created. The five-gpi@medure from (1) specifying value, (2)
aligning value objective, (3) identifying valueestm, (4) making value flow, to (5) making
customer pull, is essentially developed for anyetgp business that aims to improve the

overall efficiency of the supply chain and to entethe work environment.
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APPENDICES

There are five appendices in this section, inclgdime questionnaire of manufacturing
strategy survey, the formulas and abbreviations usehis thesis, the glossary of terms,
and lastly the four journal articles in their origl formats.

Appendix A — Questionnaire of manufacturing strategy survey

Description of the business unit

a What best describes your business unit? Tick one

Company Division Flant Other
b What are the name. origin and size of the corporation of which your business unit is a part?
Mame Crigin {headquarters country)
Size (# of employees): Local plant Country World
Lean Supply Strategy
Low High
1 What is level of investment on Extranet/EDI/B2B systems for operation coordination from your suppliers? 1 2 3 4 A
2 What is level of investment on Extranet/EDI/B2B systems for operation coordination from your company? 1 2 3 4 A
3 What is the extent of information sharing about inventory level with your suppliers? 1 2 3 4 5
4 What is the extent of information sharing about production planning decisions and demand forecast with your suppliers? 1 2 3 4 5
5 What is the level of importance on selecting your suppliers based on the criteria of delivery performance (reliability. 1 2 3 4 g
speed. flaxibility)?
6 What is the level of importance on selecting your suppliers based on the criteria of ability to provide innovation and co- 1 2 3 4 5
design?
7 What is the level of importance on selecting your suppliers based on the criteria of willingness to disclose cost/other 1 2 3 4 g
infarmation?
8 What is the level of importance on selecting your suppliers based on historical perfarmance? 1 2 3 4 5
Continued Adoption of Lean Principle as Sustainable Manufacturing Practice
9 What ?s the degree of use in last _3 years on restructuring supply strategy and the management of yvour suppliers 1 2 3 4 5
portfolio towards lean manufacturing?
10 What is the degree of use in last 3 years on implementing pull production towards lean manufacturing? 1 2 3 4 5
11 What is the degree of use in last 3 years on restructuring your manufacturing processes and layout to obtain process 1 2 3 4 g
focus and streamlining towards lean manufacturing?
12 What is the degree of use in last 3 years on the empowerment of your workforce towards lean manufacturing? 1 2 3 4 5
13 What is the degree of expected use within next 3 years on restructuring supply strategy and the management of your 1 2 3 4 5
suppliers portfolio?
14 What is the degree of expected use within next 3 years on pull production towards lean manufacturing? 1 2 3 4 A
15 What is the degree of expected use within next 3 years on restructuring your manufacturing processes and layout to 1 2 3 4 5
obtain process focus and streamlining towards lean manufacturing?
16 What is the degree of expected use within next 3 years on the empowerment of your workforce towards lean 1 2 3 4 g

manufacturing?
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Appendix B — Tables of formulas

Tabla B1 - Modal fl assessment melhods in structural egualicn modeling [SEM)

Statistical mathod Purpose of use in the study Descriptions
X qoodness ol T shafiglc
i® goadneas-oHiE tast To tast thi model 11 by o G seaing mag raludi af o= goadnees of it F1ahshc is denotad as theproduc of 1ha samph siZa
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hypaihemzad model forihe poulabion coamance mainx: Becams ¥ is
sansite o sample size and, dus b our boge sampls e o= §565) an
sHematies of narmed chi-square © 0 m oeed 1o assess the model §l n
our studies

fit ireckecens [abezoluie )

Raok mean square smar of
sppraamation (RMESES)

Totaet the model §l by psmessng how vl an
aprion madel rapraducas the sample deta [Hy and
Blemibar, 1906
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-
&
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Table B2 - Measurement methods for reliability and validity assessment

Statistical method

Furpose of use in the study

Cascriptions

Cronbach's aipha e

Factor analyan

Bgisar-WRyar-ORin [FTA0] 1ei

Feomrage vanance edlracied |AVE)

Th Mg Gt is ascaatiialy @ redanidy sl
whiCh G 1hel dagrai of consstancy bebwisin
mulliph maeauansnts of @ veriabi o ilem enging
from D b 1. with sabiies of DE0 0 D7D dearred the
leswier limit ol acc spiabity Halr af 2l 199E)

The measurement is prmanty vsed far dala
reguchon and summanzabion, n which the nesubs
con b= appliad by p s e vabiddy of
meamyrement scales [Har of o', 1906)], Corsarpand
by i msmamned n ihe shudy by ealusing the
migrificance of faclor Ieadings which represenis the
degres 1o which tess maaswras of the sames concapt

am comabried (Andersan & Gebing 19636 Hair s
al_ 18

Thea FTAD rredecaiorg of saimhng edegiiacy @ o

indecd ieaiad 10 @samming iha asooosabeneas of faokor

analyms, wnd the KD valims Bebwean 0.5 and 110

ired et ot analysds s appopnale Heisar, 1974)

Tha AVE measume assess the camrmnand valdiy
al conetruchs n the study by measming 1he sxdem

3 which constructs are diferant (Campbell & Fisks,

1050 Famel & Lancker, 1961}

Tha skaieztie i dalirad in thie follyedng famula

__N (l_z;‘;.a%]

TN-=1 s

wheari M B b narnber of compamanis of dems -:r:x B b variance o

the gteserves] {okal ket mogres, and u"“_._ i= the venange of tomponent

i Thies cronbach s aipha sttt B namaly abtained by iha EPES
compuler program which is used Mo glatistical analysis

The cammon tackars themeskes can be sapreased ax Inear
combinaiians of the ohoered vanables ax indicabed by the follawing
formula

Fiom W 0 W W 4 R

wheiie F, repic ams the asbimaie of /ih fector W s for thi weighl o

facior mears coeficient 3 kix the numbar of vanables. The
miatizhcs 15 ohatinable by using 1he SPSS compuber program

Tha indax is raalized thedigh companng the magniude of 1ha
abeaeivid Comelalion cooflciems ba 1ha magniidas of the partial
coralatian coaficiants. The KMO gistictic con b obisnad by SPSE
Computia program heaugh conoucting factar anahsie

Tha AVE 5 e ] brir 1he statimiical molbwars,
LISREL However the mististic con b calculabed ax follawes

T 1otal of all squared sandardized tactar laadings [/ 1he mmber of
flems

Az indicabed in the baut the sgquars ol of AVE by aach construct
axceedy {he onesp 0 'nka [
accepiable decimnant wabdiy Famel & Larcksr, 1961)

Table B3 - Measurement methods for model assessment

Statistical method

Purpose of use in the study

Descriptions

MMultiple regression model

F-test

fest

To provide estimates of how much variance in the
dependent variables are accounted for by variance in
the independent. or predictor, variables (Allen ef &l
2009)

To test the goodness of predictions of the multiple
regression models (Allen ef al.. 2009)

To test the goodness of the coefficient estimates of
the multiple regression models (Allen ef al., 2009)

ultiple regression model can be represented by the following
generic equation:

Y =B, K, B+ BX -+ K+ C

where the predictor vaniables are denoted by X, their associated
coefficients are denoted by f and C represents a constant. There are
two regression models in the study. Model 1 concemns the continued
adoption of lean manufacturing as sustainable practice. while model 2
is related to the influence of lean supply strategy on the use of lean
manufacturing.

The significance of R? {i.e. multiple correlation coefficient) is tested by
using F statistics. The association can be evaluated by the following
fomula and then the critical values for the F distribution:

F = R¥(1 - R?) ({n - m - 1)/m)

m,n-m-1

where m repesents the number of predictor vaniables and n
represents the numbers of events in the study.

The significant of g weights which detarmines the relative contribution
of each predictor variable is evaluated by the ftest with the following
formula:

t=Pisg, and sy = {(1-RY/[in- k- 1)(1-r, 7] }*

where Sg is the standard error of beta, k is the number of variables.
and r, ,* is the squared multiple correlation coefiicient of the predictor
variables.

148



Appendix C — Abbreviations used in thesis

AVE Average Variance Extracted
B2B Business-to-Business

CFI Comparative Fit Index

CRM Customer Relationship Management
EDI Electronic-Data Interchange
EMSC Electronically-enabled Manufacturing Supplyai
ETO Engineering-to-Order

ERP Enterprise Resources Planning
IDP Innovation Decision Process
IDT Innovation Diffusion Theory

IT Information Technology

JIT Just-in-Time

KMO Kaiser—Meyer—Olkin

MRA Multiple Regression Analysis
NNFI Nonnormed Fit Index

PB Perceived Benefits

PCA Principal Component Analysis
PEOU Perceived Ease of Use

PU Perceived Usefulness

R&D Research and Development
RFID Radio Frequency Identification
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RMSEA

SEM

SCI

SCM

TPS

WIP

Root Mean Square Error of Approximation
Structural Equation Modeling

Supply Chain Integration

Supply Chain Management

Toyota Production System

Work-In-Process
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Appendix D — Glossary of terms

Autonomation

An approach of automating the production processttsa human touch. Intelligence is
added to equipment to prevent the production ofed@fe products, eliminate
overproduction, and automatically stop the proedssn abnormalities are detected. This
type of automation frees people to perform moreafale activities.

Buffers

The use of inventories, extended lead times, oerothethods intended as a means for
preventing schedule delays from impacting adjagaoicessing steps or customers.
Buffers act as a significant source of lag.

Build-to-order (BTO)

The manufacturing method of waiting until an ordeplaced to make or assemble the
product, and only in sufficient quantities to file order with very little overage. This
prevents having to store unsold items until nee@k alsdbuild-to-stock (BTS)and
engineering-to-order (ETO)

Build-to-stock (BTS)

The manufacturing method of making commodity-typedpcts in advance and keeping
them in stock until they are orderedSee also build-to-order (BTO) and
engineering-to-order (ETO)

Business-to-busineséB2B)

It describes commerce transactions between bugisiessch as between a manufacturer
and a wholesaler, or between a wholesaler and aleretin a typical supply chain
environment, B2B transactions involve the tradifgubcomponent or raw materials in
association with the sale of one finished prodac¢he end customer.

Continuous flow

The ideal state where products move through a maatwring process — or people move
through a service process — one at a time, withtmgping or waiting. It is also known as
one-piece flow and "make one, move one."

Defects

The output of a process that fails to meet the irequspecification or performance
standard. One of the seven forms of waSee als@even kinds of waste

Effectiveness

It is the utilization of the minimum number of resoes, with the least amount of waste, to
create a defined value for the customer.

Electronic Data Interchange (EDI)

It is the firm’s capability to receive orders, sateivery notifications and invoices, receive
payments, and so on by computer in B2B transacti8es alsobusiness-to-business
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B2B).
Engineering-to-order (ETO)

The products whose customer’s specifications reqar unique design, such that
significant customization and/or so-far unused pased material are typical of this kind
of manufacturing method&ee alsduild-to-order (BTO)and build-to-stock (BTS)

Enterprise Resource Planning (ERP)

It is an information system used in business theadata from across multiple functions in
a company. ERP systems monitor orders, producttbediiles, raw material purchases,
and finished goods inventory. ERP systems are gbtidicking data but generally do not
have the more complex capability to analyze it.

E-procurement

The ability to complete purchasing functions onlinsually on a secure Web site where
vendors put their product catalogues, order foans, other data for customers or supply
chain partners to access. This involves the u&28f enabling technology, such as EDI.
See alsdusiness-to-business (B28&)d_Electronic Data Interchange (EDI)

Flow

It is the movement of a product or service aloreuwhlue stream, from its inception to the
customer that builds up of value. Smooth flow ditated by the absence of defects, out-
of- station work, and other delays; it is indicatgdow cycle time variation.

Information flow

It is the movement of accurate, timely informationthe right people at all levels and
points across the value stream.

Innovation-decision process (IDP)

The process through which an individual (or otherision-making unit) passes from first
knowledge of an innovation to forming an attitudevard the innovation, to a decision to
adopt or reject, to implementation and use of tee idea, and to confirmation of this
decision.

Innovation flow
The progression of improvements and new technaddgie products and services.
Inventory

The raw materials, purchased parts, work-in-procesgponents, and finished goods that
are not yet sold to a customer. Inventory is on¢hefseven forms of waste, when the
amounts exceed the minimum level to maintain tHegystem.See alsgeven kinds of
waste

Just-in-time (JIT)

Providing what is needed, when it is needed, ingtnentity needed, and the quality level
needed.

Kanban
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A signal that triggers replenishment or withdrawe pull systemkKanbanis often in the
form of a card on a container in production enuvinemts. The signal regulates the
production flow in the value stream. The concepfahbanhas been extended to supply
chain operations for making the value stream flosval-to-end from suppliers to
final-customersE-Kanban an electronic version ddanban makes use of information
system, for exampldnterprise Resources PlannifgRP) system, to implement the pull
concept.

Lead time

It is the elapsed time from the initial stage gbraject or policy and the appearance of
results. In the case of a product environmenttithe from order receipt to shipment to the
customer for one product.

Lean

An improvement methodology based on a customermicedefinition of value, and
providing that value in the most effective way pbkes through a combination of the
elimination of waste and a motivated and engagexkfexce. The concept of lean is a
generic process management philosophy originatethmufacturing derived mostly from
the Toyota Production System (TPSge alsdoyota Production System (TPS)

Material flow
The movement of raw materials and product throbghprocess steps of a value stream.
Motion

Any movement of people's bodies that does not atlgevto the process. One of the seven
forms of wasteSee alsseven kinds of waste

Muda

A Japanese word of waste represents any actidtlyadbnsumes resources, but creates no
value. Muda is categorized in two forms: Type-1 migl necessary for the process, but
non- value-added; type-2 muda is both unnecessayan-value-added.

Non-value-added

Any activity, product, or process that does notintiee value-added criteri&ee alstMuda
and_value-added

Overproduction

Producing more than the customer requires. Onéefkéven forms of wast8ee also
seven kinds of waste

Perfection
The complete elimination of waste so that all attés along a value stream create value.
Process

It represents a set of activities, material, anditormation flow that transforms a set of
inputs into defined outputs.

Procurement
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The range of activities a company undertakes tecsend qualify suppliers, negotiate
prices, and engage in other pursuits related tgtimehasing of goods and servicBge
alsoE-procurement

Pull

A system of production that is activated by customemand, which signals all the
upstream activities to build to replenish what basn used. Upstream activities do not do
anything until the signal from downstream is reeéliv

Relative advantage
The degree to which a new idea is perceived asrttbin the idea it supercedes.
Seven kinds of waste

Transportation, waiting, overproduction, defeatsgintory, motion, and excess processing
are the seven forms of waste identified by Taif@hno, one of the pioneers of the Toyota
Production System, as waste normally found in rpasguction. Also known as the seven

wastes or the sevenudas.See alsdMuda

Standardized work

The definition of a process step represents a et sequence and established in-process
inventory. Deviations to standardized work constisuan abnormality, which is then an
opportunity for improvement.

Supplier

It is an individual or business entity that pro\dden input to a process in the form of
resources or information.

Supply chain

A combination of the companies and their businedwites needed to design, make,
deliver, and use a product or service.

Supply chain integration (SCI)

It is the ability of companies in a supply chainstware data and synchronize business
functions using technology, in order to perform enafficiently or cost-effectively.
Enterprise systems used in a B2B environment imeu8RP and EDI play a significant
role in SCl.See alsdlectronic Data Interchange (EChd Enterprise Resources Planning

(ERP)
Toyota Production System (TPS)

A production system developed by the Toyota MotorgOration based on the philosophy
that the ideal condition for production is createlden machines, facilities, and people
work together adding value without creating waskee two pillars of the Toyota
Production System (TPS) at#T and autonomation which involvesautomating the
processes with intelligence through incorporating human tou®ee alsqust-in-time (JIT)
and_autonomatian

TPS
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SeeToyota Production System (TRS)

Transportation

Unnecessary movement of materials or other iteors fone place to another, usually to
storage or staging are&ee als@even kinds of waste

Value

The worth placed upon goods or services, as defiydtie customeSee alsMudaand
non-value-added

Value-added

It is defined by the customer and the customer rbhestilling to "pay" for it. Payment is
generally thought of in monetary terms, but cous®b anclude time or other resources.

Value stream

It is the flow of materials and information througlprocess to deliver a product or service
to a customer.

Vertical integration

A traditional supply chain system in which a compamwns or manages as many parts of
its supply chain as possible, in order to gain maxn efficiency through economies of
scale.

Visibility

A term for the sharing of data and other informat@mong all the companies in a supply
chain for their mutual benefit; sometimes referi@ds “transparency.”

Waiting

People in a process delayed or stopped becauseadgs waste or ineffective process
design.See als@even kinds of waste

Waste

It stands for any activity that uses resourceschedtes no value for the customer.
WIP

SeeWork-In-Process (WIP)

Work-In-Process (WIP)

It stands for in-process inventory.
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Lean production is proved to be an effective tool for companies to improve
continuously and is widely studied from both practical and theoretical
perspectives. However, most previous studies of lean production are limited to
internal operations of a company. The research in this paper aims to explain the
relationship between electronic-enabled supply chain integration and the adop-
tion of lean production. A theoretical model with six hypotheses was proposed
based on the innovation diffusion theory (IDT). The model was empirically tested
with data from 558 manufacturers. The results show that: (1) IDT can explain
lean production adoption; and (2) electronic-enabled supply chain integration
positively influences the perceived relative advantage of lean production and
consequently leads to its long-term adoption. This study uses IDT to explain lean
production adoption with the influence of electronic-enabled manufacturing
supply chain (EMSC). The study also has a practical implication that may change
the supply policy in future practices, as companies may require their suppliers to
implement EMSC as part of the lean production requirements.

Keywords: EMSC; JIT; manufacturing supply chain; kanban; lean production

1. Introduction

Bayou and Korvin (2008) simply defined, ‘to be lean is to cut fat’ which pinpointed
accurately the purpose of this contemporary management philosophy. Lean principles
preach simplification and elimination of wasteful processes, which are applicable to
overly-complex and non-integrated organisation processes that are inefficient and provide
little added value to customers. Becoming a lean enterprise enables manufacturers to
improve throughput, reduce costs, and deliver shipment with shorter lead times. Today,
manufacturers deal with more complex and longer supply chains, yet customers demand
higher product variety at lower cost and shorter lead times. Manufacturers realise that
non-integrated manufacturing processes and poor relationships with suppliers and
customers in the supply chain are inadequate. The lean enterprise cannot afford low
visibility or poor coordination across its global manufacturing supply chain. A new
method is needed for manufacturers to stay competitive in their markets. Supply chain
management (SCM), a set of integrated approaches helps manufacturers improve the total
effectiveness of planning and operations from procurement of raw materials to producing
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Abstract: This paper empirically examines the influence of lean supply
strategy implemented in electronic-enabled manufacturing supply chains
(EMSC) on lean manufacturing adoption in a sustainable manner. Adopting
lean manufacturing often not only requires a lengthy period but also involves a
prolonged decision process which makes sense to identify the antecedents for
improving decision making. The influential factors including information
sharing and use of e-business system in supplier integration together with lean
performance-based supplier selection were tested with statistical methods based
on survey data. It was found that lean manufacturing adoption is positively
influenced by all these factors. Moreover, the results revealed that
manufacturers may commit ongoing use of lean principle only if it has been
adopted as regular practice. Lastly, managerial implications and future research
were discussed to alleviate practical concerns in the execution of waste-
reducing lean supply strategy and to explore the potential of developing reverse
logistics on this platform.

Keywords: EMSC; electronic-enabled manufacturing supply chains;
manufacturing supply chain; lean manufacturing; sustainability.
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1

Introduction

Sustainability constitutes of environmental, social and economic dimensions in which
waste management is one of the major challenges along the three dimensions (United
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Abstract: Radio frequency identification (RFID) technology realises ambient
intelligence (Aml) in real life and offers not only user-friendly shopping
experience to customers, but also agile and responsive store operations to
merchants. Applying lean services in apparel retail operations may equally
benefit to this industry. In this research, recent studies on RFID technology
adoption were evaluated to help develop research instrument. It followed by a
comprehensive case study on the implementation of an RFID-based smart retail
system in an apparel retailer. Four adoption factors of this new initiative from

both individual and organisational perspectives were identified:

compatibility
costs

ease of use
security and trust.

AW =

A business value-added framework was then proposed for further research
based on the adoption factors and lean improvement objectives. Lastly,
managerial implications were discussed with the aim to provide insights of
better adopting this technology through the alleviation of practical problems

and user concerns.

Keywords: ambient intelligence; Aml; apparel manufacturing supply chain;

mix-and-match; radio frequency identification; RFID; user adoption.
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Abstract: One of the biggest myths about technology is the idea that
any company can easily embrace it and comfortably expect results.
However, successful implementation of a technology for an organisation
depends on many factors and organisation readiness is most important. The
readiness of strategy, people, process and system maturity should be
assured for implementing the technology successfully. Radio Frequency
Identification (RFID), an automatic identification technology that aims at
enhancing customer experience and improving operation efficiency, is now
widely used in many business sectors. It is not uncommon that problems, such
as privacy issues in handling customer information and changes in workflow,
appear in various RFID applications. This article attempts to give a brief
introduction to this technology, highlight possible issues in its implementation
and develop strategies to tackle the problems. A case study is presented,
analysing the organisation’s readiness for adopting RFID technology in a
medium-sized library. Future improvement is proposed through learning from
implementation failure.
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