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ABSTRACT

This research is aimed to examine the issues related to technology enablement,
information sharing, performance measurement system, integration and agility of the supply
chain management. A questionnaire based survey has been conducted to gain insights of various
issues related to AMT- enablement of supply chain in select sectors of Indian manufacturing
Industries. Four sectors of the Indian manufacturing industry namely auto, machinery, machine
tools and electrical / electronics have been covered. A literature review has been conducted to
identify the gapsin SCM research especialy in Indian context. This research has attempted to fill
some of the gaps in the contemporary research. Therefore, some hypotheses are framed and a
guestionnaire instrument is developed. The Descriptive statistics and hypothesis testing provide
us insights about SCM and AMT practices in the Indian industries. To identify the need and
analyze the benefit of AMT to Indian Industries factor analysis and discriminate analysis has
been done using the data obtained through the questionnaire. Due to need of integration and
agility in Indian Industries an 1SM- based framework has been developed for acquiring

integration and agility.

The major contribution of the research is asfollows:

» A literature review has been conducted to identify various issues, related to SCM in generd,
and use of AMT in supply chains in particular. Therefore, a questionnaire has been
developed to identify the issues related to AMT- enablement of supply chains in Indian
manufacturing Industry.

* Various issues related to the AMT-enablement of supply chains in Indian manufacturing

companies have been identified and discussed on the basis of the empirical study.



Two sets of hypotheses concerning common supply chain issues and sector-specific practices
have been formulated and tested.

Different AMT has been categorized, their adoption level, reasons of adoption and benefits
perceived has been analyzed dstatistically using data obtained from survey. Interesting
observations has been reported about AMT adoption in the way to consolidate supply chain
management.

The impact of variety of information sharing on the competitive strengths of Indian
Manufacturing Enterprises has been identified using correlation analysis on data received in
the survey.

The Performance measurement system of Indian manufacturing enterprises has studies for
different performance metrics, identified with balanced score card approach. Each
performance indicator has been surveyed for three perspective namely Frequency of use,
Perceived usage value and Ease of Measurement. Important observations have been reported
for different performance Indicators.

In order to synthesize the work, an Interpretive Structural Modeling based framework has
been developed for integration and agility of Supply Chain Management. This develop the
relationships among important enablers for integration and agility of supply chain

management.

These relationships are useful to make supply chain integrated and agile.

The present research focuses on various issues rel ated to AMT- enablement of supply chains.
It provides a better understanding of the status and readiness of AMT-enablement of supply

chains in select sectors of Indian Manufacturing Enterprises.



Key Words: Advanced manufacturing technologies, Supply chain management, Information
sharing, Performance measurement system, Integration, Agility, Empirica Study,

Interpretive structural modeling.



CHAPTER 1
INTRODUCTION

1.1 SUPPLY CHAIN MANAGEMENT

Since the globalization and economical reformbdia that started in early nineties,
cost quality and responsiveness have assumed aortanp role in the survival of an
organization. Further short product life cycle is@mmon phenomenon now, which has
resulted into creating uncertainty in the businessironment. Many companies have
identified supply chain management as a way tacgiely tackle these situations.

Supply chain management is the integration of e usiness processes from end
user through original supplier that provides prddservice and information that add value
for customer and other stake holder (Lambert el @98). The Supply chain of a typical
manufacturing system is illustrated in Figure 1.1.

SCM is a set of approaches utilized to efficientifegrate suppliers, manufacturer,
ware houses and stores so that merchandise isqaob@dund distributed at the right quantities
to the right locations, and at the right time irder to minimize system wide costs while
satisfying service level requirements (Agrawal &mdnkar, 2003). So a typical supply chain
consists of suppliers and manufacturers, who cémasv materials into finished products
and distribution centers and warehouses, from wiiarghed products are distributed to
customers

SCM focuses on information sharing and better bollation among the supply chain
partners. Some of the benefits of SCM, include, dowinventory levels, better

responsiveness, and lower throughput time. Firmg aiso achieve volume, design, and



technology flexibilities through SCM (Pagel, 1999)hese benefits are the source of
motivation for the companies in embracing the cphoé SCM.

The objective of every supply chain is to maxintize overall value generated in the
delivery of products or services. The value a sypphin generates is the difference between
what the final product is worth to the customer @mel effort the supply chain expends in
filling the customer’s request. For most commeraapply chain, value will be strongly
correlated with supply chain profitability, the fdifence between the revenue generated from
the customer and overall cost across the supplynchghe higher the supply chain
profitability, the more successful the supply chalie cash transfer adds to the supply
chain’s costs. All flows of information, productemgrate costs within the supply chain.

Therefore, the appropriate management of thesesflswa key to supply chain success.
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In a SCM environment, AMT’s support enablers sushflexibility, data sharing, data
processing, training and education, communicatiempowerment and job satisfaction.
Technological support can impact on Partnershipymmation sharing, operational flexibility,
performance measurement; management commitment;danthnd characterization, the
major dimensions of SCM. Considering the need ritegrated business processes in SCM,
AMT could play a major role in promoting effectiigegration of suppliers and customers
along the value chain. Few studies can be foundMm in SCM. Little has been done to
explore what is needed in the way of successfulampntation of AMT in the context of

SCM.
1.2 ADVANCED MANUFACTURING SYSTEMS AND SUPPLY CHAI N

Manufacturing industry has been undergoing throagkubstantial technological
growth since the introduction of numerical contm@chines about 55 years ago (Mukundan,
2003). Changes due to this growth are primarilyabee of the use of computers and
automation. Computers have assisted in the deve&oprof numerous innovations in
manufacturing including miniaturization and autoimat In large manufacturing industries
like the automotive industry, heavy machines ingystomputer hardware industry etc
product design and development are now done coetplély the computers. Computer
Aided Design workstations have replaced draftinges Product designers and engineers
use CAD and Computer aided Engineering (CAE) systéon create three-dimensional
geometrical objects that can be shaded, analynedoptimized to refine the product design.
Manufacturing engineers use Computer-Aided Manufaagj (CAM) systems for process
planning, tool design, and machine programming.d®hre used to weld structural frames,

and computerized numerical processors are guidirguifacturing tools. Information



technology is used in production planning, productand inventory control, sales, market
research and forecasting, and after sales senieesWweeping changes in the computer-
related technologies in the late 1990s have broygdradigm shift in the business
environment and strategic thinking of the organaret. To remain competitive in this ever-
changing business scenario, the organizations aceising more and more on the
globalization of businesses and collaboration i pnoduct development across the value
chain i.e. supply chain. Manufacturing is the cantctivity that encompasses product,
process, resources and plant. Manufacturing aetsvacross the enterprises with real time
exchange of information result in the optimizatmfrdesign, resources and processes, which
is in the true spirit of collaborative product coente globally for maximum profitability.
Redesigned best practices are requisite for thémumd health and growth of the industry.

Key factors contributing to this need include:

« Customers demand greater product variety, as wealharter delivery times.

« Outsourcing and supplier relationships are becormogeasingly strategic to overall

business plans.

« Fast time-to-market with new products is a requépin

- Manufacturing and aftermarket support must be ctamed not at only at local level

but, globally for maximum profitability.

1.3 SOME RELATED ISSUES OF SCM OF THE AMS
The literature related to different aspects of SiSMuite extensive. The same is true
for AMS. This section gives a brief overview ofeliature in the area of SCM and AMS.

SCM literature can be classified into three broatggories based on methodology:
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» Conceptual and non-quantitative models includingmiework, taxonomies and
literature reviews

» Case and empirical studies, and

e Quantitative models.
However, content wise there are some issues (ssidhfarmation sharing, use of IT in
supply chain, logistics related issues, performamsasurement of a supply chain etc.,
which are widely discussed in the literature angehfigured in each of the above three
categories. These issues are presented undeiltheifg subsections.
1.3.1lInformation Sharing related Issues

The integration and optimization of informationvilas one of the core concerns of

SCM (Lee and Whang, 2000). IT has a substantialaghpn information sharing. The
findings of KPMG 1997 global supply chain surveyt pti as a major enabler of SCM
(Freeman, 1998). In describing the role of IT inN§Chopra and Meind| (2001) state: “IT
enables the gathering and analysis of informatighich can be used to make a good
decision. IT systems can be used to make the gitafganning or operational decisions in a
supply chain”. IT systems enable companies to ndgkgsions, which are based on real-time
information sharing (Kwan, 1999). Regarding the o$dT in supply chains, Scala and
McGrawth (1993) have observed that the way IT cddddeployed in a supply chain is a
crucial issues and depend on many factors suchaaigity and compatibility of IT tools that
supply chain partners use, level of costs invohatthtegic alliances among supply chain
partners, level of integration etc. The use offiTaisupply chain is not free from obstacles.
Many authors (Kwan, 1999; Kadambi, 2000; Jharkhand Shankar, 2000; Li, 2002) have

identified the issues, which influence the IT-eeatént of a supply chain. Some of these



issues are: top management commitment, resistancieange and innovations, disparity in
trading partners’ capabilities etc. There are soeshnical, human and managerial issues,
which need to be addressed during the formulatfam strategy for the IT-enablement of a
supply chain (Williamst al, 2002).
1.3.2 Logistics related Issues

Logistics, which is often considered a subset oM3tas a key role in supply chain
management. Realizing its importance, Heskett (1B@d predicted that globalization would
have huge impact on the importance of good logistiesign and developments within the
corporate strategy. The outsourcing of logisticBvdies to a third party logistics service
provider (3PL) is a common phenomenon these dagdTAas the capability to automate
many routine logistics activities, Razzaque andn§h@998) argue that one of the most
important reason for employing 3PL is their abiltty support clients with expertise and
experience that otherwise would be difficult to @icg or costly to have in house. In logistics
outsourcing mutual trust and information sharingtivade the partner companies to
collaborate further for mutual benefits (Bagchi &ficim, 1998).Virum (1993) analyzed the
primary drivers for an organization to rely on Istggs outsourcing and came up with some
points in favor of logistics outsourcing. These:aoetter transportation solutions, cost
savings and improved services, need for more smfeal and better equipped logistics
services, development of necessary technologigarése and computerized systems which
is beyond the scope of many companies, more flexiplocesses, simplification of
administrative processes, and access to ready togdgics services when entering new
markets. However, despite all these advantagesutdoorcing two-thirds of the user

companies (shipper) experience significant hurdie®gistics alliances (Lieb and Randall,



1996). According to Greco’s (1997) survey one @f mhain reasons for problems in logistics
outsourcing is that these decisions are not gikierstrategic attention that they deserve.
1.3.3 Performance Measurement related Issues

Performance measurement of a supply chain is oftérgiven due consideration in
the design and analysis of the supply chains. mpact of good or bad performance of any
link of the supply chain is observed on the perfamge of the entire supply chain (Keebler,
2001). Beamon (1999) has provided a framework foppk/ chain performance
measurement. In a survey by McMullan (1996) the tramsmmonly used performance
measures for a supply chain are identified as me-tdelivery, customer complaints, back
orders, stock outs etc. However, in India theerseto be no serious attempt towards the
performance measurement of an integrated supplyn.chiaie case studies and interaction
with the managers also suggest that that supplin gherformance measurement effort in
India is at present targeted only at a small segjiwitine supply chain.
1.3.4 Miscellaneous Issues

There are various other issues involved for theotiffe management of a supply
chain such as supply chain strategy, organizati@hanges required, top management
commitment etc. McMullan (1996) has on the basia alrvey suggested that many firms
will have to change their organizational structtwesuccessfully implement SCM. The
amplification of demand variability in the upstreaof a supply chain is a common
phenomenon, which is more visible in the consunoedg sector. This is known as bullwhip
effect. Leeet al. (1997) have identified four major causes of bhlpveffect, which are (i)
demand forecast updating, (ii) order batching) @iice fluctuation, and (iv) rationing and

shortage gaming. It is observed and suggested twprsuthat real time information sharing



in the supply chain and improved collaboration aghdhe supply chain partners can

effectively control the bullwhip effect (Lest al, 1997; Lee and Whang, 2000).

1.4 CHARACTERISTICS OF EFFECTIVE SUPPLY CHAIN

Supply chain management concerns diverse areas asicdiemand forecasting,
procurement, manufacturing, distribution, inventanansportation, and customer services.
All these areas may be dealt under strategic,ce¢ctor operational perspective. Issues like
strategic partnership, flexibilities, responsivesjegnd supply chain performance are
contemporary research issues in the domain of tafesess of supply chain. In coming
paragraph we discuss few characteristics of comtngegupply chain.
1.4.1 Supply Chain Agility

Agility is the business-wide capability that emleacorganizational structures,
information systems, logistics processes, mindstets(Power et al., 2001). Agility is defined
as the ability of an organization to respond rapidl changes in demand both in terms of

volume and variety (Figure 1.2).
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Figure 1.2: Agile or Lean (Adapted from Mason-Jonegt al., 2000a)



Thus agility maximize profit through providing exigcwhat the customer requires
and reducing costs while not impeding the abilityrteet customer service requirements. On
the other hand, leanness will maximize profit tlglowcost reduction and providing service
suitable for a level schedule (Christopher, 2000)

The lean and agile paradigms, though distinctly défér can be and have been

combined within successfully designed and opertdtad supply chains (Mason- Jones and

Towill, 1999). The Decoupling point representedv,' in Figure 1.3 is the position in the

material flow streams at which the customer ordaraprates.
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Figure 1.3: Material flow decoupling points (Adaptel from Mason-Jones et al., 2000b)



The leagile is a combination of the lean and agdeadigms within a total supply
chain strategy by strategically positioning thealgding point so as to best suit to the need
of responding to a volatile demand downstream yeviding level scheduling upstream
from the market place (Mason-Jones et al. 2000bH@ek et al., 2001).

1.4.2 Supply Chain Integration

In order to achieve lean or agile supply chainttadl entities of the supply chain need
to be integrated. The difficulty in achieving adbointegration is due to dynamic and
conflicting objectives employed by different suppihpain partners. However in today’'s
competitive market most companies have no choies; &re forced to integrate their supply
chain and engage in strategic partnering (Simchi-ke¢ al., 2008). Strategic partnership is
one of the important ingredients to facilitate theegration and performance of a supply
chain. A general trend characterizing buyer-suppiationships is a shift from an arm’s
length relationship to a partnership approach (Lamgml986; Ellram, 1990). Literature on
buyer-supplier relation describes the advantages @bse collaboration between buyer and
supplier along the entire supply chain. Strategidners share risks and benefits, exchange
operational and financial information, and makenjonvestments in facilities and systems.
In that sense, trust becomes a significant factdiné supply chain integration.

1.4.3 Supply Chain Flexibility

A key characteristic of an agile supply chain ssability to remain flexible to cope-
up with the changes in its environment and alsdiwitVickery et al., 2003Prater et al.,
2001; Olhager, 2003). The performance dimensiorfteribility for a supply chain partner
may be broken down into two capabilities: the promps with and degree to which a

partner can adjust to its supply chain speed, misdtn and volumes (Prater et al., 2001). A
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supply chain partner’s agility is determined by hivsvphysical components (i.e. sourcing,
manufacturing and delivery) are configured to ipawate speed and flexibility. As the levels
of speed and, more importantly, flexibility increaghe stage of supply chain agility
improves. The firm can, to some degree, make ugideties in the speed or flexibility of
one of the supply chain parts by excelling in ttieeo parts (Garg et al., 2001). For example,
the delivery part of supply chain may be inheremRexible, such as the one found in sea
transportation. Supply chain agility may be incee#sthe firm is able to compensate for
these shortcomings by setting up its inbound lagsti.e. sourcing) or manufacturing
operations to be faster or more flexible. Similaifythe speed in outbound logistics is
inflexible, higher speed and flexibility in manufading and sourcing could help in
compensating for the slow outbound operations (Birhevi et al., 2008).
1.4.4 Responsiveness in Supply Chain

Responsiveness of a supply chain is its abilitycope up with the changes in
customer demand and yet remain efficient in itsrajpens. Responsiveness, competency,
quickness and flexibility help in improving agilitf a supply chain (Christopher 2000; Goh
and Ling, 2003). The development of strategiesdmmpeting on the basis of agility is
crucial for the management of a total supply ch@ower et al., 2001). Towill (1996)
expresses this in terms of creating architecturédeamless supply chain” where territorial
boundaries between trading partners are eliminaeldhey effectively operate as if they are
part of the same organization.

1.4.5 Trust in Supply Chain
Trust is perceived as a state of readiness for andiga interaction with someone or

something (Ba, 2001). Trust is frequently definedaawillingness to take risk (Agrawal and
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Shankar, 2003) and a willingness to rely on an amgk partner in whom one has
confidence. However, in many research works, thas been more commonly stated as
“perceived trustworthiness” or confidence (Agravaald Shankar, 2003; Handfield and
Bechtel 2002) have stated that the primary relatiomequirement for improved
responsiveness is the development of greater lefétast between purchasing organizations
and their suppliers. The nature of trust and thiareaof the business transaction often temper
the relationships. Trust among the trading partniarsnter-organizational relationships
improves communication and dialogue and createsmmstrategic visions (Sahay, 2003).
Now a days supply chain, enabled with latest ©®ls, primarily the internet,
provide opportunity for cost reduction while impnog the agility and integration of supply
chain. But using the internet as a platform for agng the supply chain trading partner
inherits a risk of insecure transaction as websit®s be counterfeited, identities can be
forged and nature of the transaction can be alt&edgraphic dispersion of trading partners
creates new and unprecedented opportunities fosutoer abuse through fraud and
deception. The use of digital signature has yetfally guaranteed that the message has
come from the person signing it. This can be dudatd that the institution issuing the
signature has inadequate administrative routine, ®1). Therefore, one of the most
prevalent issues in the introduction of e-commegsem along the supply chain is its ability
to establish dynamic and flexible structures foydsusupplier relationships and on-line trust
that deterministically drive both parties towardsategic partnerships sand cooperation

(Agrawal and Shankar, 2003).
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1.5 SUPPLY CHAIN MANAGEMENT IN INDIA

Worldwide interest in supply chain management imaseased steadily since the
1980s when organizations began to see the berdfitollaborative relationships. This
management concept is however, relatively new imdialn(Vrat, 1998). Prior to
‘liberalization’, India has a policy of national fiaiency and non-reliance on imports or
foreign economic investments that has designed rmteg domestic markets from
competitions. Protected tariffs, import quotas,hexge rate controls and regulated licensing
for capital goals discouraged innovation, cost ctidn and acquisition of technological
capabilities, causing inefficiencies, sluggish experformance, and slow economic growth.
By the mid 1990s the Indian government had libeeali foreign exchange and equity
regulations to encourage foreign direct investméys. the country settled down to the
realities of liberalization, there was a quantuaplé economic growth, which was reflected
in Indian industries (Sahay et al. 2003). Libeiatiian efforts also increased disposal income
of middle class families by stimulating credit poases. Indian consumers became more
demanding for quality products and services for@nterprises to enhance product quality,
increase variety, shorten product development g@nd improve services. To remain
competitive, Indian industries found that existsupply chain systems were not configured
to meet the increasing requirements of consumeesnewly liberalized economy (Kapoor
and Ellinger, 2004). Increasing uncertainty of dupmetworks, globalization of business,
proliferation of product variety and shortening mfoduct life cycles have forced Indian
industries to look beyond their four walls for eddbration with supply chain partners
(Sahay, 2003). With a gross domestic product (GiiRVver US $ 474.3 billions, the Indian

Industries spends 14% of GDP on logistics (Sahay iohan, 2003). Considering this
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scenario, it is necessary to study supply chaictjmes being followed by Indian industries
and to suggest areas for improvement.
1.6  MOTIVATION FOR THIS RESEARCH
Enterprises have now realized that management pglygwchain is essential for the
survival in the global market and so they focusadmoproving the customer service level,
reducing operating expenses and increasing revgraveth by effectively managing their
supply chains. Studies have revealed that compahegs have completed supply chain
project related to performance improvement typycahjoy improvements in individual
supply chain functions (Cross, 2000).
Following are some of the ground realities thanpoiut the significance of SCM in
current market scenario and motivated to pursusareh in this area:
* Leading international journals likdcademy of Management Journal, Assembly
Automation, Business process management Journdifoé&a Management
Review, European Journal of operation Research, ogean Journal of
purchasing and supply Management, Harvard Busifsgew, Human Systems
Management, IBM Systems Journal, IIE Solutionsuditdhl and commercial
Training, Industrial management & data systemsubtdal marketing research,
Information & management, Information & softwarechieology, Information
management & computer security, Integrated Manufang systems,
International Journal of Agile Management Systeimngsernational Journal of
Information Management, International Journal ofgistics management,
International Journal of production and operationaanagement, International

Journal of physical distribution and logistics ma@eanent, International Journal
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of production Economics, International Journal ofudlity and reliability
managemengtc. are exclusively covering various issues eelabd supply chain.

» Special issues have been published on SCM by mpjternals such as
Production Planning and Control, International dailirof Operations and
Production Management, IEEE Transactions on EngimgeManagement,
International Journal of Technology Management, etc

 Seminars and workshops are being organized glolialladdress the issues
related to SCM. A number of international confeeshaddressing various issues ,
related to SCM have been held during past few years

» All over the world companies are streamlining tteipply chains and improving
their relationship with supplier and customers.

» Companies are focusing on integration of their $pppain activities in order to
become more agile.

» Companies are attempting to minimize bullwhip effeg using advanced IT tools

1.7 RESEARCH OBJECTIVES

The main objectives of this research are:

» identification of issues governing enablers andbidrs for the effectiveness
of advanced manufacturing system’s supply chain,

» study of supply chain issues in advanced manufaciusystems through a
guestionnaire based survey,

» development of a framework for the AMT-enablemehtssupply chain for
AMS.

» Categorization of various AMT’s according to theges in Indian enterprises
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» to model supply chain performance variables rel&tedtegration and agility
to capture the effect of integration and respomsges variables under

different market scenario.

1.8 RESEARCH METHODOLOGY

Expert opinion Earlier survey Present manufacturing sceio
I I

A 4
Design of Survey Questionna

v v v
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Figure 1.4: Schematic diagram of research methododry
* Questionnaire-based survey approadthis is used to gain a broad insight of
SCM practices in India (Figure 1.4).
» Various statistical tools have been used to analygalata obtained from the

guestionnaire survey. Descriptive Statistics, iafgial statistics.
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* Regression analysis, gap analysis and cluster sindiys been done on the
data related to information sharing and performaneasures.
* Interpretive Structural Modeling (ISM) has been @eeped for Integration
and Agility of the Supply Chain Management.
1.9 RESEARCH OVERVIEW

A structured questionnaire was developed for cotgi@ national-wide survey on
select issues of supply chain management of AM8dran context. It was developed on
a five-point Likert scale. The questionnaire wasideded through a pilot survey and
necessary modifications have been made to get é#geired information from
manufacturing industries within the purview of teigvey.

Results from descriptive analysis of the questimensurvey have been used to focus
on three important issues of supply chain manageréese are technology enablement
of SCM, Information sharing in SCM and PerformaMeasurement system in SCM. In
Advanced manufacturing systems, aforesaid issue® Isggnificant role similar to
logistics related issues in FMCG sector.

Synthesis of the research finding helps to devéhbgrpretive Structural Model for
Integration and agility of the Supply Chain in ladiperspective

1.10 ORGANIZATION OF THESIS
The Organization of the research scheme is depictEdyure 1.5. This is followed by
brief description of different chapter, which empdhis research.
Chapter 1
It contains an introduction to supply chain mamaget. The growing importance and

relevance of supply chain management in today'stestnhave been discussed in this
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chapter. The issues related to supply chain ofath@nced manufacturing system has been
discussed. Some of the important characteristicghef supply chain of the advanced
manufacturing systems that make it more competitivthe market discussed briefly. The
issues related to agility, integration, supply ahpérformance measure, information sharing
have also been discussed. The status of supplyn ch@inagement being used in
manufacturing systems in India has been preseMetivation of research and objectives of
this research have been presented. Finally ovesviefivthe conducted research and the
methodologies used for this research have beemtegpio this chapter.
Chapter 2

It provides the literature review on different asgg of the supply chain such as
integration, agility, responsiveness, flexibilityust, information sharing, and performance
measurement system. The literature review on taeifes and technological requirements of
advanced manufacturing system have been also edtlidthe chapter. Though the literature
review the limitation and gaps in the contemponasearch will also be identified which
provide the motivation for the current research kvdrhe chapter presents literature on
methodologies used in this research such as Quaesiie survey and Interpretive Structural
Modeling (ISM).
Chapter 3

This chapter covers the development of the quastioe, its structure, source and
content validation. The questionnaire was admiresten four sectors, namely automobile,
machineries, machine tools, and electrical andtreleics. A sample size of 1176 was
selected for administering the questionnaire. Ih 286 valid responses were received

resulting in a response rate of 17.51 %. The redgnprofile is also analyzed in this
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chapter. The respondents are categorized as driggugment manufacturers (OEM'’s) and
suppliers, and the observations and results oftineey are reported in this chapter. Results
of non-response bias test, factor loading, religbdnalysis and descriptive statistics are
reported.
Chapter 4

The objective of this chapter is to understandsih@larity/ dissimilarity with respect
to the issues related to adoption of AMT-enableméetween original equipment
manufacturer (OEMs) and suppliers, and among @éiffiesectors within the Indian. To assess
the sectoral nature different hypothesis has beemulated. These hypotheses have been
tested using t- test and ANOVA. Based on the resiithypothesis testing, various aspects
of sectoral differences have been discussed ard&af.
Chapter 5

This Chapter focused on adoption of Advanced Mactuting Technologies (AMT)
and its effect on supply chain management in InddT have been classified into three
categories (simple, complex and integrated) forphesent analysis. A general conclusion
can be reached that Indian firms surveyed have adgption of simple technologies, are
going to adopt complex technologies, and are notrgady to invest much in integrated
technologies. Factor Analysis is used to identdynmon components among 17 selected
AMT that were surveyed. These technologies camibely interpreted by four common
factors: “Expensive”, “production”, “Integration’nd “quality”. Discriminant analysis is
used to identify critical benefits of the AMT thebntribute significantly to the success of

supply chain.
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Chapter 6

It presents the issue related to information sigariThis issue has been widely
discussed, information sharing with customer arfdrimation sharing with supplier both
presented with its impact on performance and coitheetstrength of the enterprises.
Inferential statistics like t-test and Pearson @ation coefficient has been used to discuss
the results of information sharing in supply chalie data from the responses has been
thoroughly used in this chapter. Different typesimfiormation sharing with its relative
importance if share with customer and suppliertfesen presented in this chapter.
Chapter 7

This chapter presents the status of Supply Chandgement performance measures
used by respondents in the questionnaire basea\suBifferent performance measures
variables in four major categories have been iregduth the questionnaire. The respondents
have been asked to rate different measures inikegtlscale on the basis of their frequency
of use, perceived use value and ease of measuremrierair regression model has been
developed to establish the relationships amonghtez values of the each variable namely
FoU, PUV and EoM. Gap analysis and Cluster analyas been done to find the relative
usefulness of the different performance measuréhé sample of Indian manufacturing
enterprises.
Chapter 8

Based on the literature review and survey resdiferent variables of supply chain
integration and agility are identified. These valkg have been modeled using Interpretive
Structural Modeling to provide a framework for tefective deployment of management

strategies towards and integrated and agile supplin. On the basis of driving and
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dependence power these variable are further categoas independent, dependent, linkage
and autonomous variable. Managerial implicationghef results are also discussed in this
chapter.
Chapter 9

It contains the summary of the conducted resesrdhis thesis, research findings,
key insights from the survey and major implicati@fshis research have also been presented
in this chapter. This chapter concludes with thmitations of this research work and
directions and scope for further research.
1.11 CONCLUSION

In this chapter, an overview of context relateth research has been presented. The
motivation and objectives of the research have hésn presented in this chapter. A brief
description of research methodology to be usedhisnresearch has also been presented. In
the research overview, a summary of the entirearekereported in this thesis has been

presented.
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CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

SCM has become a subject of interest in acadensicieonsultants and business
managers in recent years. The origin of SCM catrdieed in the work of Forrester (1965),
who, in his industrial dynamics model (widely knoas Forrester effect), suggested that five
flows of any economic activity namely money, ordergterials, personnel and equipment
are interrelated by an information network, whismow called a supply chain. The Forrester
has provided a basis for further understandingyafdics of a supply chain.

SCM has gained attention of academicians, congslt@nd business managers as it
focuses on material, information and cash flow fre@mdors to customers or vice versa. A
key feature of present day business is the iddaittiethe supply chain that competes, not
companies (Christopher and Towill, 2001), and thecess or failure of a supply chain is
ultimately determined in the marketplace by the emasumer.

Houlihan (1985) was probably the first researciwbo introduced the term SCM
(Ganeshan et al., 1999). He stated that SCM gogsndethe boundaries of an organization
and links operating decisions in strategic consitiens. After Houlihan (1985), numerous
other researchers have added to the body of literdty providing concepts, frameworks and
empirical studies to help design and manage sugins.

Prida and Gutierrez (1996) and Tan (2001) haveoeggdIthe evolution of SCM grew
as the manufacturer began to realize the poteofiastrategic partnerships with their
immediate value chain members. Instead of dupligation-value added activities such as

receiving inspection, manufacturers trusted supgliguality control by purchasing only
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from a handful of qualified or certified suppligfBan, 2001). Simchi-Levi et al. (2000) has
observed that the rapid development in the IT tdotssharing of information have also

contributed to the evolution of SCM. The growthSEM has been noted to take place in
three stages.

0] traditional purchasing role,

(i) SCM through subcontracting and

(i)  SCM through innovation (Prida and Gutierrez, 1996).

Stevens (1989) was among the first few researahieesdeveloped the strategy for an
integrated supply chain. According to him, the camips that consider supply chain during
strategic debate would be more successful in t@fntise increased market share and lower
asset-base.

The modern supply chains are not confined to aqudatr country or a geographic
location; rather these supply chains have now becghabal. Dornier et al. (1998) have
summarized the characteristic of the global suphbin. These are:

M substantial geographical distances,

(i) forecasting difficulties and inaccuracies,

(i)  exchange rates and macroeconomic uncertainties, and

(iv)  infrastructure inadequacies
2.1.1 Technology Enablement in SCM

To facilitate the development of supply chain stgéés and new sources of
competitive advantage, an important input factor $apply chain firms today is their
technology strategies and infrastructure. The famfusnterprise systems is shifting from an

internal to an external orientation. Liu et al. @8 claimed that collaborative SCM systems
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can be supported by enhanced information sharind) @ilaborative planning among
partners, and are supported primarily through mashas such as information integration
and process coordination. In the digital era, aegrated system of information such as
enterprise resource planning (ERP) that treat$uhetional and different business units of a
firm as a cohesive whole would definitely help ImeéSises to excel in achieving the
competitive priorities set by supply chain firmsadi and Kuei (2004) also noted the
development of ERP Il — a web-enabled applicatibiERP. ERP 1l enables supply chain
enterprises to operate with cleaned-up data r#étlaera haphazard collection of data, thereby
improving their business processes. In additionseRbaum (2001) also noted that
information communication technology (ICT) suchtlas internet, which connects different
actors along the supply chain, and three-dimenkicmaputer-aided design (3D CAD) for
interacting with customers and suppliers, have mormous impact on how companies
manage their supply chains. Meanwhile, an entexpniformation portal (EIP) is viewed as a
knowledge community Kakumanu and Mezzacca (2008ssed that EIP provide delivery
mechanisms that overcome information barriers betwtechnical, functional, and cultural
silos that limit the internal creation and devel@om of competitive advantages within
organizations.

Technology adoption and organizational conditi@ms critical factors that affect
knowledge creation in a supply chain. Cassivi (3088alyzed how e-collaboration tools
affect different partners along the supply chaimg suggested that they play an important
role in facilitating access to information, whictieats knowledge creation capabilities, and
assisting in the design of flexible supply chailedama (2005) examined the dynamism of

the knowledge creation process at Fujitsu Ltd. Theults show that new product
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development in a high-tech field requires the mmeggiand integration of different
technologies to network strategic communities iesihd outside the company in order to
share and transfer and thus create knowledge. Basadsurvey of 105 R&D partnerships in
the global telecommunications industry, Fellerle{2006) suggest that a higher overall use
of knowledge transfer mechanisms among supply cpamners leads to better learning
results, and in turn, knowledge creation.
2.1.2 Divided Functional Approaches in SCM Conceptualizaibn

While the meaning of SCM is still under debate, S@Mits broadest sense, is
increasingly seen as a management philosophy (R888; Chandra and Kumar, 2000) that
embodies a set of distinctive management princiesumptions and practices (Dean and
Bowen, 1994). In the both the theoretical and eicgdiditerature, diverse views on exact
elements of this management approach exist. Tabilj2@oticed that some researchers have
conceptualized SCM from the perspective of puratgasind supply functions and defined
SCM as a set of decision or activities of purchggind supplier management. Others have
considered it from the perspective of logistics @madisportation functions and defined it as
the transportation functions and defined it as rimnagement of materials, products and
information flows from source to user (Thomas andffi@, 1996; Copanico, 1997). The
global supply chain forum has defined SCM as thegration of key business processes
from end user through original suppliers that pdegi products, services, and information
that add value for customers and stakeholders

(Lambert et al., 1998a).
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2.2 AN OVERVIEW OF DEFINITIONS OF SUPPLY CHAIN AND SCM
Besides the definitions given in the earlier megta number of other definitions,

presented by various authors, are available inlitteature on supply chain management.
However, unanimity on these definitions among axghardly exists. Giunipero and Brand
(1996) have noted the development of few typologieSCM. Thereafter, most definitions
have moved beyond the simple flow of goods persgeeind now consider the integrative
nature of supply chains. For example, Mabert andKeataraman (1998) incorporate the
product design and process in their definitionssabply chain. Alber and Walker (1998)
have added the critical element of financial flothsough the supply chain. Tyndall et al.
(1998) have given a more comprehensive definitib®©M and incorporated the flows of
materials, cash, and information in their defimtidBallou et al. (2000) have addressed
integration at three levels within a function, asdunctions, and across organizations. Ayer
(2001) has focused on the flows and has added wl&dge dimension in his definition by
stating that it is also the deployment of the ietghial capital.

A classification of various definitions of SCM, dine basis of their focus area, has
been shown in Table 2.1.

Table 2.1: Focus Areas of SCM Concepts

S.N. SCM Focus Area Remarks

1 Flow of material and logistics| Focus is on flowgmiods and logistics

2 Flow of information Information sharing amongdirag partners is g
part of all definitions

3 Integration This includes trust, strategic pashg and
customer relationship

4 Agility This covers agility, flexibility, and
responsiveness in a supply chain

5 Comprehensive Comprehensive definition coverselimneous

aspects with all four areas mentioned above
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On the basis of the focus area as discussed ihable 2.1, various definitions of SCM have
been classified in Table 2.2.

Table 2.2: Definitions of SCM

S.N. References Definitions

Focus: Logistics and Flow of Material

1 Alber and Supply chain management (SCM) manages the glolalonie
walker(1998) used to deliver products and services from raw nizd$eto end
customers through an engineered flow of informatjamysical
distribution, and cash.

2 Behnzhad (2000) SCM refers to the managementtofitees that procure raw
and final products, and deliver the products throug
distribution system to the end-user.

3 Lambert et al. A supply chain is the alignment of firms that bripgpducts of
(1998hb) services to market.

4 Shankar and Supply chain is the network of autonomous and semi-
Jaiswal (1999) autonomous business entities, which are involvesutyh

upstream and downstream linkages in the differentgsses
and activities that produce value in the form dfygcal
products and services in the hands of the ultimmastomers

5 Simchi-Levi et SCM is a set of approaches utilized to efficientlyegrate
al.(2000) suppliers, manufactures, warehouses, and stores,that
merchandise is produced and distributed at the gghntities,
to the right locations, and at the right time, nder to minimize
system wide cost while satisfying service leveluiegments.

6 Turner (1993) SCM s a technique that lookallathe links in the chain fron
raw material supplies through various levels of afaoturing
to warehousing and distribution to the final custom

-

Focus: Flow of Information

7 Aitken (1999) A network of connected and interlegent organization
mutually and co- operatively working together toniol,
manage and improve the flow of information and male

)

8 Berry et al.(1995) | Supply chain is a system whose constituent partsude
material supplies, production facilities, distrilout services and
customer lined together by feed forwards flow dbrmation.
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Reference

Definitions

Christopher (1998)

A supply chain is a networkcofinected and interdependé
organizations mutually and co-operatively workiogéther to
control, manage and improve the flow of materialsd
information from suppliers to end users.

Nt

10

Evans et al. (1995)

SCM is used to describe rmEnagement of material
suppliers, production facilitates, distribution \dees and
customers linked together via the feed forward fla#
information and feedback flow of information.

11

Thomas and
Graffin(1996)

SCM is the management of material and informatiowd$ both
in and around facilities, distribution services atustomers
which are linked together by the flow of goods arfdrmation.

12

Towill et al (1992)

The supply chain is commonly regarded as a sequef¢

material suppliers, production facilities, distrilan services
and customers, which are linked together by the td goods
information.

Focus: Functional and Process integration

13

Ballou et al.(2000)

A supply chain may be defims all those activities associat
with the transformation and flow for goods and s=y|
including their attendant information flows, fromuwsces of raw
material to end users. Management refers to thegiation of
all these activities, both internal and externalh® Firm. They
address integration at three levels: within a fiomgt across
functions, and across organizations

ed

14

Beamon (1998)

A supply chain may be defined as an integratedga®evhereir
a number of various business entities (i.e., sepnl

manufacturers, distributors, and retailers) wodetber in order

to (1) acquire raw materials, (2) Convert these raaterials
into specified final products and (3) deliver thésal products
to retailers. This chain traditionally charactedzsy a forward
flow of materials and a backward flow of informatio

15

Ellram and cooper
1993)

SCM is an integrating philosophy to manage thel fitdav of a
distribution channel from supplier to ultimate @armser.

16

Houlihan (1988)

SCM covers the flow of goods nirosupplier through
manufacturer and distributor to the end user

17

Lambert cooper
(2000)

SCM is an integration of key business process faohuser
through original suppliers that provides produstsyices, and
information that add value for customers, and other
stakeholders.
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S.N. Reference Definitions

18 | Lummus and Alber| A supply chain is the network of activities throughich
(2997) material flows. These entities may include suppliearriers,

manufacturing sites, distribution centers, andausts.

19 | Norina and Bailey | SCM can be defined as an integration of each anaimber’s
(2001) organizational activities in order to achievingteys- wide

objective

20 | Stevens (1989) A supply chain is a system whosstituent parts include
material suppliers, production facilities, distrilon services
and customers linked together via a feed forwkma bf
materials, a feedback flow of information and flosfiscash and
resources

Focus: Supply Chain agility

21 | Mason-jones et The businesses in the agile supply chain must leetaltope
al.(2000a) with market demand and they should also be abéxpinit its

volatility for their strategic advantage.

22 | Christopher and | Agile supply chain requires minimum total lead-egdefined
Towill (2000) as the time taken from a customer raising a redoest product

or service until it is delivered.

23 | Towill(1997) A seamless supply chain is lean enterprise, whiehaies with
minimum entropy. All the players think, communicadad act
as one so that the total chain benefits througresirtg a high
customer service level.

24 | Christopher, 2000;| To be truly agile, a supply chain must possessnaben of
Goldman et al., distinguishing enable attributes such as marketirsjobmer
1995; van Hoek al.| sensitivity, cooperative relationship, processgrééion, and
2001 information integration.

25 | Yusuf et al.(2003) | The agile chain has a stronggaict on competitiveness’
because it enables mobilization of global resoutaesack
evolving changes in technology and material devekqt. as
well as market and customer expectations

26 | Narasimhan and | A key determinant of the ability of supply chainnh@ake rapid
Das(1999) changes is the selection, development and iniegrat

suppliers with appropriate capabilities

27 | Power et al.(2001)| The management of agile sugmin uses technology to
promote productivity, new product development anst@mer
satisfaction.

28 | Christopher et The idea of agility in the context of supply chaianagement

al.(2004) focuses around “responsiveness.”
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S.N. Reference Definitions
Miscellaneous

29 | Ayers (2001) SCM is more than the physical moxetnof goods from ‘earth
to earth’ and is also the information, money movetnand the
creation and deployment of intellectual capital.

30 | Beamon (1999) A supply chain is ant integratedgss where raw materials &
transformed into final products and delivered tetomers.

31 | Chopra and Meindl A supply chain consists of all stages involvededily or

(2001) indirectly in fulfilling a customer request. Thepgly chain not
only includes the manufacturers and suppliersataa
transporters, warehouses, retailer, and customers.

32 | Cooper et al.(1997) The integration of busin@esesses across a supply chain i
what we are calling SCM

33 | Fawcett and SCM is the collaborative effort of multiple chanme¢émbers to

Magnan (2001) design, implement, and mange seamless value addeesses
to meet the real needs of the end customer. Theytepnt and
integration of people and technological resourcseweall as the
coordinated management.

34 | Ganeshan et A supply chain is a network of facilities and distition options

al.(1999) that performs the functions of procurement of mater
transformation of these materials into intermedzate finished
products to customers.

35 | Harland (1996) SCM may be defined as managisgbas activities and
relationship (1) internally within an organizatid) with
immediate suppliers, (3) with first and secondstiguppliers
and customers along the supply chain, and (4) tihentire
supply chain.

36 | Kalakota and A supply chain is a collection of interdependeppstthat, wher

Whinston (1997) | followed, accomplish a certain objective such agsting
customer requirements.

37 | Lee and Billington | A supply chain is a network of facilities that pmrhs the

(1992) functions of procurement of material, its transfation to
intermediate and finished product, and its distidouto end
customers.

38 | Lummus and A supply chain links all the activities involvingw material

Bokurka (1999) sourcing, parts manufacturing, assembly, warehgusin
inventory tracking, and delivery to customer.

39 | Mabert and Supply chain is the network of facilities and aitids that

Venkatraman performs the functions of product development, prement of

(2000) materials, from vendors, the movement of matebetsveen

facilities, the manufacturing of products, the disition of
finished goods to customers, and after market seffar
sustainment.
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[2)

1

S.N. Reference Definitions

40 | Mentzer et al. SCM refers to the systemic, strategic coordinatmin the
(2000) traditional business functions and the tactics scrohese

business functions within a particular company awoss
business within supply chain, for the purpose gbrioning the
long-term performance of the individual companiesl dhe
supply chain as a whole.

41 | Metz (1998) SCM is a process-oriented, integrateproach for procuring

producing, and delivering products and servicesigiomers.

42 | Monczka and Integrating supply chain is about going from theteexal
Morgan (1997) customer and then managing all processes that eeded to

provide the customer with value in a horizontal way

43 | Monczka et SCM is a concept whose primary objective is tograée and
al.(1994) and manage the sourcing, flow and control of matensing a tota
Monczka et systems perspective across multiple functions
al.(1998)

44 | Poirier (1999); SCM refers to the methods, systems, and ownershgp
Poirier and Bauer | continuously improve an organization’s integrateacpsses fo
(2001) product and service design, sales forecasting, hpsmg,

inventory management, manufacturing or productioder
Management, logistics, distribution, and custosagisfaction.

45 | Quinn(1997) A supply chain is all activities @dated with moving good
from the raw material stage through to the end .u3éis
includes sourcing and procurement, production sdivey
order processing, inventory management, transpamtg
warehousing, and customer service.

46 | Swaminathan and | SCM is the efficient management of the end-to-enacgss,
Tayur (2003) which starts with time when it has been sold, cored, and

finally, discarded by the consumer. This completecess
includes design, procurement, planning and foreuas
production, distribution, fulfilment, after-salesupport, ang
waste disposal.

47 | Tyndall et al.(1998) SCM is the coordinated flotvmaterials and products acrag

the enterprise and with the trading partners.db ahcludes the

management of information flow, cash flow, and esstwork

SS

flows.

After analyzing the above definitions, followingsiges has been observed and considered

important in the definition of supply chain managem

0] Supply chain integration

(i) Information sharing
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(iif)  Lead time reduction

(iv)  Service level improvement

(v) Trust development among trading partners
(vi)  Delivery speed

(vi)  Data accuracy and

(viii)  Supply chain performance measures

2.3 INTEGRATION RELATED ISSUES IN SUPPLY CHAIN

It is quite common today for descriptions of sypghain management to include the
term 'integrated’ or ‘integration’ in discussingwheelationships should be built across
companies. While there is no precise definitios@bply chain integration, both practitioner
and academic literature make common use of the. tAsrdefined by Ellram and Cooper
(1993), supply chain management is "an integragtimtpsophy to manage the total flow of a
distribution channel from supplier to ultimate @mer." Monzcka and Morgan (1997) stated
that "integrated supply chain management is abomiggrom the external customer and then
managing all the processes that are needed todertive customer with value in a horizontal
way." Lummus and Vokurka (1999) in a summary dé&bni of supply chain management
offered that "... supply chain management coorémand integrates all of these activities
into a seamless process." They also discusseatddritegration required for managing the

supply chain.

Several authors within the field of supply chaimmagement have proposed
definitions for integration (Pagell, M. 2004; Viake et al., 2003). In his 2004 study of

factors that enable and inhibit integration, Pag2li04) proposes the following definition:
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Integration is a process of interaction and coltabon in which manufacturing, purchasing,
and logistics work together in a cooperative manteerarrive at mutually acceptable

outcomes for their organizations.

Naylor et al., (1999) stated that the goal ofragegrated supply chain is to remove all
boundaries to ease the flow of material, cash,uregs, and information. Van Donk and van
der Vaart (2005) suggested that removing barriersbpundaries) can be achieved by
developing integrated activities in a number ofaaréscope) and with a certain intensity
(level) in each area. They looked at four logidt@aeas as dimensions of scope including
flow of goods, planning and control, organizatiamd flow of information. The level of

integration was measured by the extent of integeaictivity developed.

Integration appears to be viewed from many perspgect There is widespread
support for the concept of integration backwardsnfrcustomers to suppliers (Trent and
Monczka, 1998; Frohlich and Westbrook, 2001; Ragetial., 2001; Narasimhan and Das,
2001; Morgan and Monczka, 1996). Purchasing seagesn integrating mechanism and

plays a key role in aligning supplier performandathwhe firm's competitive priorities.

Integration has also been viewed from the downstreagde of the supply chain
(forward integration), including the flow of matakifrom manufacturers and logistics
providers to end customers. This concept has baafied from both the logistics and
customer perspectives by several authors. Romabd@B)Zproposed that logistics processes
are a key area for integration between firms. G@bpiser and Towill (2002), Childerhouse
and Towill (2002) and Lee (2002) all focused onteoeer integration through reductions in

demand uncertainty and development of market-Spestifategies.
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Integration is not only important between firmst blso within companies. Research
along two dimensions indicates its importance. filsé is the integration of processes within
and across firms through the use of informationvdioVickery et al. (2003) suggest that
integrated information technologies are key to $yppain integration. They included both
inter-firm electronic data exchange, but also Hiima through Material Requirements
Planning (MRP) systems. Other research on suppbinclintegration involves social
interaction within and between firms. Cousins anéniguc (2005) found that increased
levels of interaction, through communication, regumeetings, and other team activity

improved supply chain integration.

Because of the importance of external supply chategration (Hendricks et al.,
2007), the researchers analyze its relationshipther strategies. Many studies have taken
the first steps in exploring linkages between symtiain integration and other strategies
such as diversification (Narasimhan and Kim, 2008gterials flow (Childerhouse and
Towill, 2003), information systems (Kim and Naraksn, 2002; Hendricks et al., 2007),
socialization (Cousins and Menguc, 2006). Howetlete is a missing link between external
supply chain integration strategies and order wigrstrategies. It is the interest of this paper

to fill that existing gap.

First, high integration among partners in supplgisk can turn into more responsive
firms to face volatile demand due to increased ringion visibility and operational
knowledge (Kim, 2006). Secondly, highly integragegbply chain partners have the potential
to decrease net costs of doing business and teli@eded costs to customers (Swink et al.,

2007).
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Information sharing enables the chain members ptuca, store, and provide information
required for ensuring effective decision makingn{&upang and Sridharan, 2002). The
chain members become able to gain adequate vigitmlimonitor and control the progress of
products as they pass through each process inugyschain. This activity covers data
acquisition, processing, representation, storagd, dissemination of demand conditions,
end-to-end inventory status and locations, ordatust cost-related data, and performance
status. Visibility of key performance metrics antbgess data enables the participating
members to elicit the bigger picture of the sitoiatihat takes into account important factors
in making effective decisions. Several criteriaglsas relevancy, accuracy, timeliness, and
reliability, can be used to judge the quality oformation sharing. Advanced information
technology such as decision support systems, @igergesource planning, the internet can
be used to convey up-to-date data about demanaiptanproduct movements, workflow,
costs, and performance status.

Information sharing serves as a glue that integraliethe elements of collaboration.
What makes information sharing valuable to the chlmeémbers is ultimately the ability to
make better decisions and take actions on the lodsgseater visibility. Visibility should
inform action and that action becomes visible & thain members understand better the
underlying principles that link integrated infornmat and performance drivers. Information
sharing thus generally facilitates decision synoiaation through providing relevant, timely,
and accurate information required to take effeatigeisions about supply chain planning and
execution. It enables participating members to made of integrated information to help

fulfill demand more quickly with shorter order cgdimes (Fisher, 1997).
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The current global business arena has become yhigldmpetitive and
competitiveness has become a major focus arearné fand companies across the globe
(Porter, 1990; IMD, 2006; WEF, 2007; Pillania, 20O0Pillania, 2008). Business
organizations across the world are under incregsiegsure than ever to stay dynamic and
responsive in all their competitive frontiers. ladimanufacturing companies have realized
the need for elevating traditional procurement fiomcto modern strategic sourcing for value
addition across the supply chain. Sourcing cogtsesznt 40 to 80 percent of the cost of
goods sold, and 30 to 50 percent of revenues +i@that has remained constant in most
industries for many years. Companies excellingtiatsgic sourcing save almost 10 to 20
times as much as it costs to operate their sourmpoggations. The effort required to reduce
10 percent of the sourcing cost is much less tlzamirgg similar amount of revenue (Chopra
and Meindl, 2003). Strategic sourcing includes dewniange of activities namely creating an
overall strategy for sourcing, evaluating and detgcsuppliers, procuring materials/services
and managing supplier relationships (Anderson araiz,K1998). Strategic sourcing is
increasingly seen to be a business capability rofisi Sourcing if properly structured can
effectively combine the core competencies of amjifilen with the skills and capabilities of
its suppliers. Sourcing decisions are vital for anganizations that want to leverage on its
core competencies and outsource other activitiesdar to gain and retain competitiveness.

The following sections outline the literature sugpir the importance of supply
integration and the performance measures that nmightate the benefits of integration.
The work of Frohlich and Westbrook (2001) is thesincomprehensive evidence of supply
chain integration as a specific strategy followgdntanufacturers. They show evidence of

the level of integration and the direction of thategration (toward suppliers or toward
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customers). They also demonstrate that those finaisare outward-facing, choosing to act

on supply chain integration, had the highest leoklperformance improvements. The

outward-facing group grasped the importance of Bupghain integration and also

incorporated it into their operation.

Table 2.3

. Issues in Integration of Supply Chain

S.N.

Authors

Issues

-

Dore (1983)

Stresses the role of culture in sotvacting relationships.

Lamming (1986)

States four stages of buyer-sappélationship; Traditiona
model, stress model, resolved model, and Japanedel
and classifies supplies into three classes, & dses the
influence of new technologies and operational praston
buyer- supplier relationship.

Sako (1992)

Highlights the role of goodwill andust in Japanes
subcontracting

De Toni, et al. (1994)

Analyze the critical aggeof service in modern supp
transaction and show by means of case study, ¢
important  organizational effects of buyer-supp
interactions in the area of service provisions.

Helper and Sako (1991

sDiscuss how long term closely linked relationshiavé
performed, advantages for automakers and theirliupn
both USA and Japan.

)

[

ly
some
ier

Harland (1996)

Comprehensively discusses suppétwark strategies
through a case of health suppliers & providersdereion
of operation strategy elements to supply networ&tsgies
such as price, delivery speed, flexibility, prodquaality etc.

Stuart (1997)

States that most of the evolvedticeiships cover buyer
perspective and reason for failure of relationas focusing
on supplier’ perspective.

[72)

Nielson (1998)

Describes the concept of closenmsd identifies role
closeness plays in successful partnering.

Carter et.al (1998)

Shows through his empiridaldg findings that which
actions of buyer are unethical.

10

Roberts and Mackay
(1998)

Discuss the role of e-commerce to support buyepigep
relationship in supply chain.

11

Bensaou, (1999)

Describes how USA and Japanese foalance thei
portfolios of relationships and states how difféleia firm
should manage one type of relationship from andiypes of
relationship.

r

12

Carr and Pearson

Conclude through their empirical study finding thtich

(1999)

actions of buyer are unethical.
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13

Nellore and Taylor
(2000)

Discuss the method of selecting suppliers & stams to
work with suppliers.

14

Cox (2001a) and
(2001b)

Describes how to achieve a better deal & how td firays
to transform the current power relationship betweeyers
and suppliers such that buyers can achieve moeetafé
value and achieve leverage in the value chain.

15

Williams et al. (2002)

Consider e- supply chas adaptable to change w
contractual and partnership relationship.

16

Croom and Johnston
(2003)

Conclude through empirical study internal custosewice
improvement as an important issue for the succéss-
procurement deployment in e-supply chain.

17

Pagell, M. (2004),

Describes  eight  alignments  reflecting  posit
interrelationships between manufacturing and sepq
selection strategies. Each alignment indicatesopadnce
information needed. For examples, top executivgzess
the need to have information on profitability, amer
relation, and quality of work life under the followg
circumstance — management representing a strg
criterion for supplier selection and quality retieg a
manufacturing strategy

18

Sachan and Datta
(2005)

They support an increased use of participant observin
qualitative  logistics  research, particularly  wh
investigating interorganizational aspects. The ymig
highlights values, general limitations and chalkngof
using participant observation in logistics.
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Bagchi et al.(2005)

Describe the relationship of collaboration andgnéion, as
the terms are in some cases used interchangeatbliyidp,
much of the supply chain collaboration is aimed dnoys
integrating operations across firms

20

Mollenkopf and
Dapiran (2005a)

Some do not consider SCI as part of their job, rst
balance between being pure “resource providers’takidg
the riskier role of “supply chain designers”. Thelysis of
the roles LSPs can play in supply chains enriches
understanding of the SCI phenomenon.

21

Mollenkopf and
Dapiran,(2005b)

Describes that some Australian and New Zealandsfinho
are operating at world-class levels with respect
logistics/supply chain capabilities. The majority foms,
however, still focus their efforts on internal Istgts
integration issues, compared with external intégmna
iIssues. A comparison of industry groups shows thet
motor/transport and the chemicals/petroleum sec
perform the best, while there is much room for iay@ment|
in the food, clothing/textile and primary indussgctors.
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Sahin and Robinson,
(2005)

They focused on traditional communication methods,
information sharing within a firm, and informatisharing
between firms, and supplier development.

23

Zailani and Rajgopal
(2005)

They point out the difficulties of drawing gene
conclusions on integration because of dissimiksitin
different sectors.

24

Cagliano et al. (2006)

Highlight the adoption of e-commerce in supply dsathat
simultaneously affected by two contextual metaalags:
external pressure, which is influenced by supplgirl
structure, demand and industry characteristics;iatetnal
readiness, which is influenced by IT, organizatioaad
buying need characteristics..

ral
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Cousins and Menguc
(2006)

Their results weakly support the hypothesized pas
relationships of collaboration and performancenm ¢hosen
cross-border context. They conclude that experieimc
cross-border supply chain operations does not gtee

t

e
A

success in supply chain management. However, those

companies with large export volumes, implying freqcy
and leveraged resources in operations, seemed betber
able to collaborate for successful outcomes.

26

Germain and lyer,
(2006)

Downstream integration predicts logistical perfonece
only when internal integration is high” also offevidence
that SCI impacts first on chain performance whiahturn,
impacts on overall performance: “The effect of gntdion
on financial performance appears to be transmittealigh
logistical performance”

27

Kim, (2006a)

Advocate that companies applying this strategy witice
significant operational improvement

28

Kim, (2006b)

Advocate that an integrated supply chain management
system has significant impact on the organizational
performance. Thirteen research questions were fiband
used to guide this investigation of such impact.

29

Gripsrud et al. (2006)

Supply Chain Integration impacts first on chainfpenance
which, in turn, impacts on overall performance: ETéffect
of integration on financial performance appears b®
transmitted through logistical performance”

30

Kannabiran and
Bhaumik (2007)

They explore the critical distribution practices sdipply
chains that make supply chains agile. Collabora
distribution, order commitment, distribution fleXity and
inventory management are the key SCM distribu
practices associated with agile supply chains, hade

tive

tion

significant impact on organizational performance.
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31 | Power and singh (2007)They explore potential benefits from improved caoation
constrained by the perceived costs, and risksaokttion to
new structural forms. The reported the implicatitor
practice that increases use of Internet technadogieates
substantial pressure to invest in organizationainge. The
attractiveness of investing in technologies thatce
managers in a position where they need to promote
organizational change in order to extract adequetigns
creates a significant dilemma. On the one handrriete
technologies enable extensive sharing and inteyratif
data among trading partners, but at the same theg |t
create conditions requiring managers to embrace
fundamental organizational change in order to legerthe
potential of such integration.

32 | Swink and Robinson, | They suggest that specific supply chain charadtesineed
(2007) to be balanced by selecting a coordination mecharinst
uses information optimally to support the mateitialv.

Pagel (2004) goes one step beyond the FrohlichVeestbrook model of arcs of
supply chain integration to prescribe actions flaatlitate or hinder integration. He found
that organizational structure that encourages ling bf goods and services, cultures that
encourage openness and teamwork, mechanisms thatovien open communication
(specifically through cross-functional teams an@l jotation based on proximity), well-
designed measures and reward systems, and consstagen functional and strategic goals

are all important to the integration of operatigms,chasing, and logistics.

24 AGILITY RELATED ISSUES IN SUPPLY CHAIN

Agility means being able to reconfigure operatiopspcesses and business
relationships efficiently, while at the same tink@ufishing in an environment of continuous
change. Companies, and this includes automotivelisup, need to open their collective

minds to a paradigm shift in how they design, maotufre and market their products. Co-
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operation amongst suppliers must improve to sugperheed for quick decision making and
these suppliers must work together to achieve vieeadl goal of improving manufacturing.
There have been three major phases or paradigts shihdustrial production in the modern
world (Womack and Jones, 1990) and each phase agti in by an area of the world,
which mastered its implementation. Craft productwas mastered and dominated by
Europe. Mass production was mastered and domifgtéioe USA and lean / JIT production
has been mastered and dominated by the Japanese.phagduction, the next phase in
manufacturing, would appear to be the next requergnfor world-class manufacturing
performance and a necessary requirement for synchsosupply.

However, a large number of Indian manufacturingefmises operate with poor
forecasting and planning systems and operate witly tycle times. They also can have
problems with unreliable inventory control systemsth no stock tracing and poor cost
control. This can lead to excess obsolete stockeaoding customer service levels (Sahay et
al., 2003).

In recent years, there has been an increase idettedopment of new theories in this
area; many empirical studies have been conducteded®chers and practitioners have
struggled in the last two decades with the quesbtiowhat is the best strategy concerning
suppliers (Talluri et al., 2006) and customers E&amnn et al., 2006). Empirical evidence
suggests that most successful manufacturers sebmttmse that have carefully linked their
internal processes to external suppliers and cwst®m unique supply chains (Frohlich and

Westbrook, 2001; Mollenkopf and Dapiran, 2005a).
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25 INFORMATION SHARING AND TECHNOLOGY- RELATED ISS UES

The integration and optimization of informationvilas one of the core concerns of
SCM (Copper et al., 1997; Evans and Worsted, 188ifpcher and Kilpatrick, 2000; Lee
and Whang, 2000; Moberg et al., 2002). Regardifectsf of information sharing on supply
chain performance, Lin et al (2002) have observet greater the information sharing
among the firms, the lower the total cost, the bighe order fulfillment rate, and shorter the
order cycle time. Lau et al. (2002) have proposddamework for investigating that the
levels of benefits by sharing information vary wiibr different players involved in the
supply chain.

2.5.1 Types and Levels of Shared Information

The shared information normally relates to: inventevel, sales order status, sales
forecast, production/delivery schedule etc. Lumnansl Vokurka (1999a), and Lee and
Whang (2000) have identified the types of informatbeing shared among the supply chain
partners.

On the other hand, Seidmann and Sunderrajan (1888) identified four levels of
information sharing among the organization nametieoinformation exchange, operational
information exchange, strategic information sharirend strategic and competitive
information sharing.

How to sharing these information in a supply chairanother issue, which needs
coordination among the supply chain partners. S{2000) has suggested three types of
coordination (listed in order of increasing needgartnerships and commitments for supply

chain information sharing. These are:
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2.5.1.1 Simple Information Exchanges

It is the most common type of coordination betwekannel partners. It is typified by
the vendors and their customers passing each stti@ta unique to their business.
2.5.1.2 Formulated Information Sharing

It is a type of coordination, in which an orgarniaa provides its supplies with
demand parameters and priorities, or a formulguide restocking. For example, Wal-Mart
provides its major suppliers with its sales datd sestocking algorithms. Then its suppliers
decide the schedules based on the shared informatio
2.5.1.3 Modeled Collaboration

It involves sharing operational models between supply-chain partners so that
each has a real-time view of the other’'s capabili&gtory load, on-hand inventory, and
committed orders. As an example, a component maturéx shares its production plans and
a simulation model of its production lines with asstomers. The customer then can use the
model and decide its orders and their timing, imfation that can be added to the production
plan by the customers.

Lau et al. (2002) have proposed a systematic frarefor investigating the impacts
of sharing production information on the supplyiohgerformance. It is observed from this
framework that the levels of benefits by sharinfpimation vary with different players
involved in the supply chain.

2.5.2 Incentives of Information Sharing
Many authors (e.g. Munson et al., 2000; &akt al., 2000; Feldman and Muller, 2003)
have suggested that incentives should be provieldet supply chain partners for long-term

collaboration and information sharing. Ballou et @000) have discussed these incentives
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and noted that a bigger partner can support thdesnpartners in the following ways: (i) by
providing status of the preferred partner in th@pdy chain, (ii) by providing training,
information or problem solving assistance to thepsiers, and (iii) through another form of
incentive as the use of referent power. Here tggdyi partners may allow the small partners
to use their brand image (e.g.”Intel Inside”) fdreir benefits. In terms of financial
incentives, some large companies have set exanymealisidizing the EDI start-up costs of
their small trading partners(Munson et al., 2008pwever, supply chain partners often
behave opportunistically and provide incomplete &alge information to other partners in
the real life situations (Feldman and Muller, 2003)
2.5.3 Bullwhip Effect in Supply Chains

In the process of information flow in a plypchain, information distortion in the form
of upward demand amplification is a common phenamen a supply chain. Fluctuations in
demand are magnified as the orders propagate apstterough the supply chain. This
process is commonly known as bullwhip effect (Léalg 1997a and 1997b). This effect
increases variability which leads to excessive mbwe/, poor customer service, lost
revenues, misguided capacity plans, and missediptiod schedules in the chain (Lee et al.,
1997a). Many authors (e.g. Le et al., 1997a and7/i9€hen et al., 2000; Franso and
Wouters, 2000) have done considerable researcheiratea of Bullwhip effect. Lee et al.
(1997a, 1997b) have explored the causes of bullefigzt.
2.5.4 Role of IT in Supply Chain Information Sharing

Powell and Dent-Micaleff (1997) define IT as anyrnfio of computer-based

information systems, including mainframe as well rmagrocomputer applications. The

computer-based information system does not exaisees of such a system or the methods
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of developing information systems. With these braaderstanding of IT, not only hard-and

software system’s influence on supply chains caarayzed, but the methods of their use as

well. Porter and Miller (1985) have noted that witle use of IT, organizations can provide a

much higher value to the customers. An integratetda$ IT not only eliminates many

redundant processes but also provides opporturfgresoordinating and integrating many

disparate processes.

Table 2.4: Benefits of IT in SCM

et

al.

SN Remarks Reference
1 | IT plays the role of a facilitator in SCM Lee avwthang (2000)
2 | IT assists in the integration and coordinatiomagn | Metz (1998), Spokman et al.(1998), Lancioni
the supply chain members al (2000), Garcia-Dastugue and Lambert (2003)
3 | Assists in making good operational planning and | Chopra and Meindle (2001), Gunasekaran and
strategic decisions. Ngai (2003)
4 | Allows information to share on a real time basis | Kumar (1996), Kwan (1999), Lee and Whang
which leads to increased efficiency and customer | (2000), Zhao and Xie (2002)
service.
5 | Effective coordination of logistics activities Bersox et al. (1989), Lewis and
Talalayevsky (1997), Tan (2001), McLaughlin
et al (2003),
6 | Competitive advantage to user firms Sanders a@ohis (2002)
7 | Improved cost, lead times, quality and product Sanders and Premus (2002)
development
8 | Helps in e-Business Swaminathan and T42003), Gunasekaran
and Ngai, (2004)
9 | Allows to share information on a real time basis | Lee et al. (1997a and 1997b) Simchi-Levi et
which leads to the reduction of bullwhip effect (2008)
10 | Through internet, IT creates new avenues in Swaminathan and Tayur (2003)
traditional supply chain
11 | IT is useful in purchasing and inventory managetr Presutti (2003), Lancioni et al. (2003)
12 | Useful in customer service across the supplincha| Lancioni et al. (2003)
13 | Knowledge management in SCM Spekman et.al (2@2)asekaran and Ngai

(2003)

Simchi-Levi et al. (2008) have outlined the maitesoof IT in SCM. These are:

» Collect information on each product from productiondelivery or purchase point,

and provide complete visibility for all parties.
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» Access any data in the system from a single-pditatact.
* Analyze, plan activities, and make trade-offs bagsadnformation from the entire
supply chain.

Various researchers have made some remarkst dbe use of IT in SCM. These
observations have been summarized in Table 2.4
2.5.5 IT Tools in Managing Supply Chains
The common IT tools, which are being used in a mgiawa a supply chain, are: Intranet,
Extranet, Internet, Electronic Data Interchange IjEBar Coding, Enterprise Resource
Planning (ERP), and SCM Software. Besides these nmmly used tools, other
miscellaneous tools such as smart card, globatiposig system (GPS) etc have also been
used in the management of supply chains. Throughoae of these or a combination of
these advanced IT tools can be used for the ITlemant of a supply chain, the Internet
based technologies such as intranet, extranetraathét are acknowledged as the latest and
most powerful tools to support SCM initiatives (Hett, 1999).
Internet is relatively fast and cheaper with narémeental fee associated with the frequency
and length of information transfers. Internet-baskegtronic ordering requires less clerical to
cost clerical labor. The transmission of electramiders using Internet is estimated to cost
only 10 to 20 percent of the cost of traditionaflens (Foster, 1999). The internet and its
forms such as intranet and extranet have the paténtaccomplish many key goals of SCM
(While, 1996). These have the potential to acclydtansfer complex information (such as
product design) and to reduce the delays as inftsmaasses up and down the supply chain
(Elliman and Orange, 2000). Internet has also pitote be an enabler of electronic

commerce (E-Com) and virtual market place suchras fmarket etc. The underlying
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objective of these Internet-markets is to redueedbsts through greater process efficiency
(Berryman et al., 1998). The traditional use of ERiIng the value added networks (VANS)
had set up enormous barrier to its usage and aouapt It was not only costly but also
technically prohibitive. The current use of theelmiet as a medium of EDI has provided new
opportunities in e-commerce especially among thd-siszed and small firms (Angeles,
2000). Extranet implementations provide the oppotyufor demand data and supply
capacity data to be visible to all companies withimanufacturing supply chain and, as such,
companies are in a position to anticipate demandtdhtions and respond accordingly
(Kehoe and Boughton, 2001).

EDI is a critical IT component for information shay in SCM. Besides its ability to
increase accuracy and timeliness of informationdiexred, it may also improve the cycle
reliability and help to decrease the cycle timet 8ading is gaining popularity in inventory
management. It allows fast and accurate entry df,dahich makes the inventory
management more accurate and reliable (Lancioai.eR000).

To improve the SCM activities, ERP and SCM sofevare also being widely used
among various industries. Besides the commonly UBédbls, many advanced IT tools such
as smart card, global positioning system (GPS) &te.also being used in SCM (Lau and

Lee, 2000: Mittal and Shankar, 2002).

2.6  LOGISTICS RELATED ISSUES
Logistics, which is often considered as a sub$e5@M, has a key role in SCM
(Chopra and Meindl, 2001). Many authors (Bowersoxl &loss, 1996; Lamming 1996;

Cooper et al., 1997; Lambert et al., 1998a; Turhég3; Fisher, 1997) have observed that
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the SCM is a theory grounded in the field of logist Heskett (1997) had predicted that the
globalization would have a huge impact on the irgure of good logistics design and
development within the corporate strategy. He ftloeee suggested that logistics
management must participate in the strategic dewsimaking. Highlighting the importance
of logistics in SCM, Houlihan (1985) comments tlaaholistic approach to international
SCM requires the incorporation of a logistics fo@u® the strategic decisions of the firm.
Fuller et al (1993) have termed logistic as an imive way of creating value for customers,
an immediate source of saving, a discipline on etamg, and a critical extension of
production flexibility. LaLonde and Masters (1994jdlvise to coordinates the logistics
operations of supply chain members in order tothetbenefits of forward and backward
integration. Goh and Ang (2000) observed that ieffit and developed logistics is a key
factor in trade. Efficient logistics operations calso help the companies to reduce export

prices making them competitive globally.

2.7 PERFORMANCE MEASUREMENT RELATED ISSUES

Supply chain performance measurement is an okgrented area because of the
complexities involved in the measurement (Beamo8991 Keebler, 2001).Therefore
traditionally; the performance evaluation is linditeo the performance of a single company
in a supply chain. But, the impact of good or badgrmance of any link in the supply chain
is reflected on the performance of the entire spymplain (Keebler, 2001). Therefore, for
effective SCM, it is necessary to expand the peréorce measurement beyond the
boundaries of a company and involve all the supgigin players in it. Jharkharia and

Shankar (2001) have investigated into the needseafsuring supply chain performance and
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observed that a performance measurement systemsatite supply chain to identify its
strengths and weaknesses.

Many authors (Beamon 1999; Tarr, 2001; Keeblerl2®dres and Aravechia, 2001,
Lapide, 2001) have identified the drawbacks of texgs supply chain performance
measurement systems. These authors have obseatatidhfocus of most firms in a supply
chain is on the performance of a single firm. Thiegration aspect of the supply chain has
not been discussed in depth.

2.7.1 Supply Chain Performance Measures

The selection of appropriate performance measures supply chain is a crucial
issue. Many authors have expressed their opinioutathe design and the measures to be
used in such a system. Neely et al. (1995) hawgoated the large number of performance
measures into some categories. These categoriesienguality, time, flexibility, and cost.
The adoption of performance indicators should daegh th following questions (Beamon
and Ware, 1998; Beamon, 1999): which aspects sHmilteasured? How to measure these
aspects?, and how to use the measures to anatyzevie and control the productive chain
quality?, how and when to reevaluate these me&3ures
Supply chain council (2001) has presented its pedoce measurement model popularly
know as Supply Chain Operations Reference ModeOS)C This model provides guidance
on the use of a balanced approach towards meastivengperformance of one’s overall
supply chain.

Baiman et al. (2001) examined the relationship regnproduct architecture, supply
chain performance metrics, and supply chain efficjge To evaluate the impacts of

information sharing on supply chain performanceadltet al. (2002a and 2002b) have
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presented a simulation-based computer model. Bdiiret al. (2002) describes a supply
chain analysis approach and proposes a measurenethbdology integrating bottom-up

and top-down performance measures.

2.8 MISCELLANEOUS ISSUES
There are numerous other issues such as e-busisapply chain strategy,
organizational changes etc., which are involvedhia effective management of a supply
chain such as supply chain strategy, organizatiohahges etc., which are involved in the
effective management of a supply chain strateggamizational changes etc. All such issues,
which have not been covered in the previous sextiwould be covered in this section.
2.8.1 E-Business and Electronic Market
E-business has recently received much attentiom fentrepreneurs, executives,
investors, and industry observers. This is duénéorapid evolutions in SCM and IT. Based
on various types of trading partners, there areyntategories of e-business activities, for
example: business-to-business (B2B), business+tistrner (B2C), consumer-to-business
(C2B) etc (Phan, 2003). The benefits of transfoiomato the e-business-based supply chain
network can be stated from two hierarchical levetsategic and operational (Poirier and
Bauer, 2001). At the strategic level, the benedfits
» Information will replace inventory,
» Coordination will replace functional silos,
* Win-win will replace sub-optimization, and
» Knowledge will replace condemnation.

At the operational level, the possible benefitdude:
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(i) The highest possible fill rate,
(i) On time delivery excellence,
(iif) Minimal inventory, and

(iv) Zero obsolescence.

B2B has been widely recognized as the most common bf e-business. McCaughey
(2002) has noted that B2B is a new experience fostrfirms. Though some firms have
entered into their third decade of EDI use, whigheichnically B2B, it is the World Wide
Web (a relatively new phenomenon) that has beerdtayst for explosive B2B growth in
the last decade. Similar to traditional commerc2B Biecessitates interaction among trading
partners. In addition to that B2B also relies om shiccessful use of advanced IT tools as well
as cultivation of good relationships with tradirayioers.

Decision-makers are often faced with the probl@nchoosing the appropriate e-
business model for their business or supply chBlne process of fully researching each of
these models can prove daunting. Hayes and Finn@§@3) have developed a framework
to exclude models that are incompatible with pr@wvaiorganizational and supply chain
characteristics. Their characteristics assessethibyframework include: economic control,
supply chain integration, functional integratiomaovation and input sourcing.

Hunter et al. (2003) have listed the advantage-btisiness in SCM. These are: (i)
streamlining the procurement process, (ii) conngctiuyers and sellers, (iii) coordinated
supply chain management, (iv) better after-salesic® (v) better sales and marketing
efficiencies, and (vi) improved inter-organizatibeéiciencies in the selling organizations.
Electronic market and e-procurement have a sigmfiinfluence on e-business as well as on

the way in which organizations manage their sugplgins (Eng, 2004) has investigated the
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extent to which supply chain members in the restadgtor for B2B supply chain management
are using e-business tools of the e-market plads.dbserved in a survey on UK retailers
that the e-market supply chain applications en#fbemajority of companies to automate
transactions-based activities. It is also indicatethe survey that for full participation in e-

market companies should integrate their internal external supply chain activities and
share strategic information.

E-market can be categorized as hierarchical (b)asednarket-driven (third party)
(Malone et al., 1994). In a hierarchical e-markieg market marker is also a buyer or seller
and biased toward the sponsor or market markermbeoaf the advantages over competitors
that conduct business in that market. In contieashird party (neither a buyer nor a seller )
sponsors an unbiased market-driven electronic marke the market marker does not carry
out transactions in the market.

Eng (2003) has observed that e-market offers mamyardages compared to
traditional supply chain process with real-timeesscto data, and reach to global market.
The results of a survey (Eng, 003) indicate thatrttost popular use of e-market for SCM is
in auctions and reverse auctions, followed nextplycessing as regards online ordering,
payment non-technical negotiations, and customsupplier information management. The
e-market has also been used for listing productsnaking purchases from catalogues,
searching for buyers or sellers, and an improvdth®@rcommunications and exchanges of
information. These functions are procurement-relaetivities such as checking product
availability and exchanging information on produgpecification. However, technical

exchange and development is the least subscrilbmetidn of the e-market.
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On e-market, Lambert and Cooper (2000) remarketittitaugh e-market provides
many benefits for supply chain management; firmstnmot overlook the time-consuming
process of relationship development. Activities tthavolve technical exchange and
relationship development have not yet been fullyettgped in the e-market. For instance, it
takes more time to develop trust for sharing styiaténformation which is more likely to
occur through face —to-face contact. Since thelgugpain is a network of multiple business
and relationships, the ultimate success of firmsld@epend on management’s ability to
integrate the company’s intricate network of busgeelationships.

Internet has emerged as an important tool in suimgothe e-business activities. Cagliano et
al. (2003) have observed that companies are usitggniet for different processes in their
business strategies. Further, the degree of adopfionternet is also different companies
according to the use of Internet in their busirstestegy. The four clusters obtained through
analysis are:
0] Traditional: Most companies belong to this groupme3e companies have no
significant use of Internet in their supply chain.
(i) E-sellers: The second largest group of compani&mge to this group. The use
of Internet is mainly for sales and customers care.
(i)  E- purchasers: This group of companies uses Irttéosné¢he purchasing activities
mainly in the upstream of the supply chain.
(iv)  E-integrators: This is the smallest group of theypanies, which uses Internet for
all the above said activities.
2.8.2 Supply Chain Strategy

Postponement of the point of product differatnin is an important strategy in SCM.
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Alderson (1957) was among the first to have progdabe concept of postponement. The
objective of postponement is to minimize the riglcarrying finished product inventory at

various points in the supply chain by delaying prciddifferentiation to the latest possible
moment before customer purchase. It has now emeageah important strategy in SCM

(Anderson et al., 1997; Metz, 1998; Mohanty andHbagkh, 2001).

As there may be various supply chain strategdmpiro (1984) has provided a
framework suggesting a good fit between the loggstiystem and competitive strategy of a
company. Froehlich et al. (1997) remarked thatetloauld be three different types of SCM
strategies. All these strategies are customer &mtuEhese are ‘innovator’, ‘marketer’, and
‘caretaker’ strategies.

Parlar and Weng (1997) investigated the relatignbletween the manufacturing and
supply functions and suggested that the two funstishould be coordinated because the
costs associated with the second supply and produtt meet unsatisfied demand is much
higher than for the first production run.

Fisher (1997) developed a framework for succelysfoiatching product and
appropriate supply chain. He observed that funatigmoducts require supply chain that is
efficient in performing the market mediation furcti while innovative products require
chain responsive in performing the market mediatfanction. Fisher's framework is
supported by the Morash and Clinton (1997), Dyeale(1996) has provided a simulation
model.

Despite all the advantages of SCM, its impleméorais not an easy-going process.

In this regard, Lee and Billington (1992) have itfged 14 pitfalls in the implementation of
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SCM. Later, Cohen, and Mallik (1997) also obsertret the majority of SCM models lack
practicality and would be difficult to implement.
2.8.3 Vendor-Managed Inventory (VMI)

Recently, vendors and retailers have begun toefargoperative agreements to
manage inventory, which requires sharing demanarimdtion and setting mutually agreed
upon performance targets for the supply chain. &lee®perative agreements have resulted
into the development of VMI system (Achabal et 2000). An early conceptual framework
for VMI was provided by Magee (1958). However, met& in the concept has developed
only during the 1990s (Disney et al., 2003).

Dong and Xu (2002) have developed a supply chadel of VMI. They evaluate
how VMI affects a supply channel. They observed YHdl always leads to a higher buyer’s
profit, but supplier's profit varies. In the shdoetim, VMI is found to reduce total costs of
channel system, but under certain cost conditiogtsvéen buyer and supplier, it could
decrease the purchasing price and supplier’'s profithe long run, it could more likely
increase supplier’'s profit than in the short-ruhey conclude that VMI is an effective supply
chain strategy that can realize many of the benefiitainable only in a fully integrated
supply chain.

Disney and Towill (2002) have designed a VMI systéwn different ratios of
production adaptation costs and inventory holdingts Their system highlights how the
VMI design parameters may be used within an incalstontext.

Disney et al. (2003) have investigated the impdca &/MI strategy upon transportation
operation in a supply chain. Specifically, the &ssof batching to enable better use of

transport vehicles is studied. A system dynamicthouology is used to develop difference
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equation models of three scenarios; traditionagrimal consolidation and VMI. It is shown

that VMI results in transport cost saving in bdtie short and long term.

Specifically, VMI offers the following benefit\Chabal et al., 2000) for the retailer:

More effective inventory management and less uac#yt regarding inventory
turnover and customer service levels. The VMI sysigovides a way to set and
achieve performance targets for both these goals.

A cost-effective way to obtain sales forecasting arventory management services.
As the vendor’s analysts implemented the systemmsaamany retailers, economies of
scale were achieved in both the development anaduk®mization of the models.
This lead to a VMI forecasting system thet was maceurate and developed at a

lower cost than could be realized by any indivicheddiler.

For the vendor:

VMI provide a method for the vendor to increase #vailability of their brand in
stores, relates to competitors’ brands, and s#énthe retailers’ budgetary open-to-
buy constraints.

Relying on actual sales data prevents the bullveffipct thet occurs when time lags,
coupled with batch orders from the retailer, teacatmplify demand fluctuations as
they go up the supply chain.VMI also reduces thpoonity and incentives for
gaming, for example, retailers sometimes intentlgnaflate orders when product
supplies are limited and proportionally allocatgctie vendor.

Disney and Towill (2003) compare the bullwhip prdjgs of a VMI supply chain
with those of a traditional supply chain. Their lgss shows that with VMI

implementation, two sources of the bullwhip effe@y be completely eliminated, i.e.
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rarioning and gaming, and the order batching effdctwvever, the effect of VMI on

demand signal processing include bullwhip is ldsarc The authors conclude that a

balanced | offers a significant opportunity to reeuhe bullwhip effect in rest-world

supply chains.
Kuk (2003) has empirically tested how some of thelaamed of VMI were subjected to
some of key barriers, which are common in any ITplamentation and reengineering
initiatives. He observed that lack of trust amoogm@y chain members is a major barrier to
the success of VMI.
2.8.4 Change Management

SCM allows the organizations to realize the adwges$ of vertical integration.
However, favorable organization condition must bespnt for effective SCM (Tan, 2001).
In this regard, a change in the corporate cultfiiadlanembers in the value chain is essential
to make it conductive. The importance of changeagament is even greater in the context
of IT-enable supply chain environment. McMullan 969 has suggested that many firms
will have to change their organizational structur8&€M relationship, and performance
measures to successfully implement SCM. On changmagement in IT-enable
environment , Pant et al. (2003) have cautionechtheagers that IT-enabled supply chain
systems are likely to disrupt the current practie@sl organizational structure, thereby
requiring a big change management effort. The asthave suggested taking similar change
management efforts in the partner firms, over wractirm may have little or no control.
Novicevic et al. (2000) have discussed the changaig of managers within the supply

chain networks. They observed that as firms shiftnf hierarchical to network governance,
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it has become necessary to clearly define the explrole set of a manager within supply
networks.
They introduced a strategic choice perspective thi® SCM domain, which provides
insights about the changing role of managers.
2.8.5 Trust among the Partners in a Supply Chain

Trust is defined as the binding force in most ltsigoplier transaction (Ba, 2001).
Many researchers have proposed that trust is émlsdéot understanding interpersonal
behavior and economic exchange (Hirsch, 1978). lodi¢kust is a major inhibitor in supply
chain integration efforts (Agarwal and Shankar,300t may exist due to past problems or
due to fear. Mariotti (1999) says that it may eXistcause of a lack of leadership and
communication among group of people. Additionaflgsistance to change in the form of
confusion, denial, deflection, or even sabotage tmpedo SCM initiatives between
organizations or within organizations.
2.8.6 Forecasting in Supply Chains

Forecasting has an important role in SCM. Selactid a forecasting process
significantly influences the performance of the@yghain and the value of the information
sharing (Zhao et al., 2002a and 2000b). Collabgedbrecasting is one of the supply chain
integration initiatives being adopted by many sypghains. In 1995, the concept
‘Collaborative Planning, Forecasting and ReplenshifCPFR)’ was introduction (Skjoett
et al., 2003) to increase the accuracy of the &steg. In CPFR, more information has to be
exchanged and the collaboration meetings are megaént.

Barratt and Oliveria (2001) have discussed the fiisref CPFR. These benefits are:

more predictable order cycles, reduced costs, memeiver-friendly loads, reduced product
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damage, smaller shipments, daily download of infdrom, more frequent deliveries,
accuracy of information, shorter production runsjetiness of information, delayed final
production, information formatted to facilitate gsaincreased customer service, availability
of information, fewer stock-outs, internal connedy/compatibility, improved reliability of
deliveries, information formatted on an exceptiamsib, faster inventory turns, real-time
information, reduced overstocks, external connggtoompatibility and reduced inventory
holding. The authors have also found some gapsgerature on CPFR. They say that very
little information is available on some issues sasta practical guide to the implementation
of CPFR.

McCarthy and Golicic (2002) noted that several ieasrprohibit the widespread use
of CPFR. Aviv (2001) observes the impact of collabwe forecasting on supply chain
performance. He has developed two models that wbstre impact of collaborative
forecasting on supply chain performance. The ugthgylassumption for each model is a
cooperative, two-stage supply chain consistingwof members, a buyer and a supplier.
Zhang (2003) investigated the impact of forecastmgthods on the bullwhip effect for a
simple replenishment system. The findings indi¢hsg different forecasting methods leads
to bullwhip effect measures with distinct propestia relation to lead-time and underlying
parameters of the demand process.

2.8.7 Reverse Logistics

Reverse logistics and green issues are the emgedimensions of SCM (Marien,
1998). This area examines both, reverse logissisges of product returns (Padmanabhan
and Png, 1995; Rudi and Pyke, 2000) and enviroreh@mpact issues (Herzlinger, 1994).

Growing regulatory pressures in many countriesfarging managers to consider the most
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efficient and environmentally friendly way to demith product recovery. Buxbaum (1998)
observed that reverse logistics has different rmgafor different linkages in the supply
chain. For example, retailers and suppliers refeeverse logistics as the process of getting
sold goods eturned by the customers. Carter amdnkl{1998) have concluded a review of
literature on the topic of the traditional logistic

Direct shipment from products ordered over the Wwab created many new and important
problems in economically handling customer retuff@. products such as home furniture,
management of product returns has proven to bentts vexing facing on-line retailers

(Pyke, Johnson and Desmond, 2001).

2.9REPORTED SURVEYS ON SCM PRACTICES

Many researchers have conducted surveys in the @réechnology-enablement of
SCM. Some have also addressed to the specific nekedsanufacturing industries. A
chronological review of relevant survey paper orvis&@hd AMT issues has been presented

in Table 2.5.
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Table 2.5: Surveys in the Area of AMT and SCM

S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile
Logistics related survey

1 | Australia 84 Logistics outsourcing had a positive impact ondtigs | Dapiran et al
3PL use by large Australia firmsg Largest non- service | cost reduction, customer satisfaction and employee | (1996)

firms moral.

2 Europe and Pacific region 111 (i) Firms have upgraded their internal capabilities Closs et al
Relationship between the General (supposed ta have been less successful in external co-ordination | (1997)
logistics information and be world —class firms) | (ii)lt capabilities significantly influence overdbgistics
logistics competence competences.

3 New Zealand 69 Though there is awareness of the SCM concept , the| Basnet et al
current state of SCM activities | Largest manufacturing| adoption of the newer concept s is limited. In SCM (2003)
in New Zealand organization in new companies are more concerned with on time delivery

Zealand from the immediate suppliers and to the immediate
customers.

4 Nordic countries (Denmark, 144 Characteristic of research issues pursued by Nordic | Arlbjorn et al
Finland, Iceland, Norway and | Researchers of supply| researchers the focus on supply chains and netvaoiks| , (2008)
Sweden) chain management the use of dyads, chains or networks of organinatas
To report and reflect on the levels of analysis
characteristics of the academic
discipline concerned with
logistics and supply chain
management.

5 | Singapore 148 Main barriers in developing IT are: Kwan
The use of IT by manufacturing| Electronics an (a) retraining and education of employees (1999)
companies | SCM chemical companies | (b) financial justification of IT

(c) lack of IT compatibility of partners

6 | Taiwan 81 The capabilities of supply chain management and Chen and
Investigating whether there is | Machine tools and logistics management for T-Ms significantly affecre | Wu, (2007)
significant difference in the Electronics products | competence, because these businesses must foocais mor
explanatory power of dimensionsmanufacturers on services.
of core competence both for
High tech firms and Traditional
Manufacturers in Taiwan

7 USA 127 Integrated logistics lead to improved performances. | Daugherty et]
Implementation of the integrateg Logistics executives al. (1996)
logistics

8 USA 154 Environmental factors such as capacity , conceatrat | Stank and
Business arrangements betwegnManufacturing diversity and volatility influence the decision ezding Daugherty
manufacturing firms and companies the formation of relationships with internationagistics | (1997)
international 3PL international business | providers

9 USA 92, Top retailing Tremendous potential for retail logistics. Ellratrak
Current practices and trends in| executives with (1999)
logistics logistics

responsibilities

10 | USA 463 Companies rank financial stability , customer savi Boyson et al

Selection of logistics service Diversified with 70% | capability, and price as the most important critémnithe | (1999)

provider.

manufacturing

companies

selection of logistics service provider.
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

11 | USA 301 Reliability .transit time and cost are the threestno Pearson and
Perception of small and large | Respondents from important attributes in the same order for smaleoifor | Semejn
international logistics logistics | ‘Journal of Commerce| small and large firms. (1999)
service providers on the Directory of US
importance of the logistics Importers and
service attributes. Exporters

12 | USA 372 Firms can improve customer service and reduces ¢xst Rabinovich
Logistics outsourcing Subscribers of outsourcing multiple logistics Functions. et al (1999)

transportations &
distribution (T&D)
magazines who had
logistics outsourcing
experience & decision
making authority

13 | USA 132 Buyers and their suppliers identify the same skts o Carter
Ethical issues in international | Purchasing managers| activities as being unethical .Culture does nfiténce | (2000)
buyer- supplier relationships ethics associated with the interactions of US pasiig

managers and
their foreign suppliers
Technology related survey

14 | 25 countries in all the principal | 500 (i) IT is a major enabler for SCM Freeman
regions of the world Diversified (ii) Suppliers and customer involvement is reldiMew | (1998)
Supply chain practices in theseg among all regions and industries
countries supply chain (iif)Overall level of outsourcing is low

15 | Asia —Pacific 43 (i) Cost competitiveness and control are the keMSC | McMullan
SCM practices Largest companies | | issues. (1996)

Asia-pacific region (i) Reengineering of the SCM component of their
operations is considered a priority.
(iii)IT was identified as a key management concern.

16 | Australia 81 IT is still being a strong positive relationshiptween Sohal et al
Practices related to IT Manufacturing implementation of cooperative relationships andligg | (2001)
implementation companies to internal and external costumers

17 | Australia Not disclosed Web —based information system has proved to be Mohamed
Role of Web —based technology Australian construction beneficial to all participants in the constructsupply (2003)
in construction supply chain companies chain.

18 | Canada 140 EDI integration both internally and externally lsad Bergeron
EDI integration in Canadian Generalized strategic advantage. and
firms Raymond

(1992)

19 | Canada 209 (i) No significant link between outsourcing andm@mo | Larson and
Impact of EDI and outsourcing | Members of Canadian| cooperative relation Kulchitsky
on people involved in logistics | association of logistics| (ii) No significant link between use of EDI and reor (1999)
activities. management CALm | cooperative relation

20 | Europe 297 Results show that the adoption of the lean prodacti | Cagliano et
To investigate on an empirical | Manufacturing model has a strong influence on the integratiobabh al. (2008)

basis the relationship between
two supply chain integration
dimensions — the integration of
information flows and the

integration of physical flows

companies

information and physical flows along the supplyioha
while no significant influence emerged from the jatitmn
of ERP..
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

21 | France 99 Technology constitutes a crucial strategic orieotefor | Sauvage
Relationship between technologyManagers of Logistics | logistics service providers gradually take on thle of (2003)
and third party logistics service | firms key interface in the functioning of information s,
providers

22 | Global 98 (i) The advantage of EDI to freight forwarders d&ses | Murphy and
Benefits and barriers of EDI International freight order are quick access to information, better ensto Daley

forwarders and their | service, reduced paperwork and better communication(1999)
customers and increased productivity.

(ii) The advantage of EDI to user are quick actess

information reduced paperwork, good communication

and better customer service.

(iii) The barriers to EDI for freight forwarderseahigh

setup cost, incompatibility of hardware and sofeyar

Lack of standard formats.

23 | Global 967 Bar coding is the single most widely used IT toohi Fordor
SCM practices in various Reader of supply chain supply chain. only 20% of the sample has implentnte (2000)
countries and logistics magazing ERP .15%have opted to install SCM software and 11

across various % use APS software
countries

24 | Hong Kong 116 MPC system performance is positively related to Chan and
Relationship between supply | Senior manger s in organizational performance. Burns
chain environments and manufacturing (2002)
Manufacturing Planning Contro| industries
(MPC) systems

25 | India 32 The weak IT infrastructure outside the organizata | Kadambi
Current supply chain practice | Manufacturing major inhibitor in having and enabled supply chdihe | (2000)

companies next major inhibitor was the small size of the digrp
and distributors. These two inhibitors are related.

26 | India 78 Saxena and
IT applications and managementindian manufacturing | The quality delivery , participants identified amntory Sahay
practices in Indian companies reduction and capacity ululation as the important (2000)
manufacturing organization objectives of IT usage

27 | Spain 126 Results indicate that flexibility capabilities aehanced | Sanchez and
relationship between the automotive suppliers | in supply chains with higher environmental uncerttgi | Perez (2005)
dimensions of supply chain technological complexity, and mutual understanding
flexibility and firm performance

28 | Sweden 128 (i) the overall objectives for the design of supghain Olhager and
SCM practices and studies in | Members of Swedish | are resources utilization and cost minimization Selldin
Swedish manufacturing g production and (ii)Quality is the single most important criteria i (2003)

companies

inventory managemen
society

choosing partners for supply chain.

(iif) Forecasting is the prime area for collaborati
efforts,(iv)Companies are prepared to expand the s
their supply chain operation

(v)Companies show relatively high awareness of nmod
supply chain planning and control tools.

Agile companies are customers focused and involve
supplier s in their process to attaining high levef
customer’s satisfaction. the less agile groups are
characterized as more internally focused.
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

29 | Turkey 83 The greater the extent of AMT implementation byrenf | Gules and
Buyers —supplier relationship | Automotive the more collaborative is the relationship withithe Burgess
and advanced manufacturing | component firms supplier. (1996)
technology (AMT)

30 | Turkey 125 Only significant effects on resource and output Bulent Sezer
investigate the relative effects gf Manufacturing firms. | performances belong to supply chain design. Integra | (2008)
supply chain integration, supply and information sharing are correlated with perfance
chain information sharing and measures.
supply chain design on supply
chain performance

31| UK 70 (i) Fax , e-mail and phones were the most common | Bal and
Virtual Team working Auto components means of communication in the supply chain of Rever Gundry

supplier to rovers (i) Time and cost savings were the two advantages | (1999)
group. ahead of others in virtual team —working

32 | UK 141 Electronics commerce is slowly growing .The tapk u | Pawar and
Electronics trading in the supply General rate of EDI has been much slower in UK than in USA Driva (2000)
chain

33 | UK 78 The role of information in the construction supphain | Edum-
Information related issues in the Construction supply | needs to be branded to encompass its active Fotwe et al
construction supply chain. chain management as a strategic resource. (2001)

34 | UK 288 lack of effective adaptation from traditional adseial Quayle
SCM tends in small medium UK based small relationships to the modern collaborative IT —eadbl (2003)
sized enterprises medium sized supply chains.

enterprises

35 | UK,USA, Canada, Germany, | 98 Buyer —supplier relationships with Japanese car Pickernell(1
Japan and some European Automotive assemblers as regarded by component supplieretez b997)
countries. component firms then their relationship with Japanese car assemhler
Comparison of buyer-supplier passing information about new working practiced an
relationship between Japanese creating better relationships through the suppbirch
and non Japanese carmaker

36 | USA 50 (i) The EDI related benefits achieved by JIT firane Banerjee
EDI implementation in JIT and | Manufacturing higher than that by non =JIT firms. and Gohlar
non =JIT firms (ii) The main problem for EDI implementation is kagf | (1993)

standards.
(iii) Customer request is a significant reason
implementing EDI.

37 | USA 712 A higher level of buyer-supplier Larson
Relationship between buyer- Members of National | Co-operation is linked to higher product qualitgan (1994)
supplier cooperation, quality and Association of lower total costs.
costs Purchase Managemen

(NAMP),

38 | USA 128 Merely investments in resources such as EDI do no| Angeles et
EDI implementation related Member firms of automatically leads to success al (1997)
issues NAMP using EDI

39 | USA, Role of information and | 80 ICT greatly facilitate customer responsivenesstaed | Van-Hoek
communication technologies Manufacturing application of postponement in a supply chain. (1998)
(ICT) in postponement in a industries

supply chain.
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

40 | USA 99 Strong relationships were found between satisfadiud | Ellinger et al
Importance of the customers in|aBuyers and distribution the formal collection of the customer feedback af s | (1999)
supply chain personnel of a leading| between loyalty and the formal collection of costum

S manufacturers of feedback.
personnel products

41 | USA 228 (i) Supply chains must be managed differently in Arthur D.
Assessment of supply chain Wide range of differently in different industries. Little (1999)
practices manufacturing an (i) Top barriers in SCM are resistance to changeor

services industries availability of data ,complexity of supply chain ,
organizational structures and poor alignment of
objectives .in the top five 4 are organizationaliss
(ii)Automotives industry is a shinning examples of
sophisticated SCM
(iv) ICT is a key enabler to SCM

42 | USA 175 At mainly upon agency theory and transaction cost | Senter and
Firm level and industry level economies .At the industry level, explanations are Flynn
changes in the automotive supplyNorth American Auto | grounded primarily in the increasing competitioman | (1999)
chain Industry Globalization.

43 | USA 98 Moderate levels of CPFR across al firms in the damp| Stank et al
Collaboration among firms for | The manufacturing & | A positive association exists between CPFR andga®g .(1999)
utilizing inventory replenishment retailing firm inputs , performance outcomes and IS tools used for

implementation

44 | USA 437 Carter et al
Effect of environmental Purchasing executives| Environmental purchasing is positively related to a (2000)
purchasing on a firm’s from NAPM, USA firm’s performance
performance

45 | USA 93 (i) the transaction standard of big auto manufastare | Rassameeth
Effects of EDI on the automotive First tier automotive different from each other, es et al
supply chain suppliers (ii)Most respondents use VAN for EDI transmissitew | (2000)

have also started using Internet for sending EDI.
(iii) EDI integration is proportional to frequency
information exchanged between a firm and its s@pgli

46 | USA 106 EDI contributes to the following customers service | Lim and
EDI's impact on customer Purchasing managers| components: order cycle time, product availability Palvia
service in automobile and distribution flexibility , distribution informatiomnd (2001)

pharmaceutical distribution malfunction

industry

47 | USA 175 More research is needed to understand the relaijpns | Carr and
Relationship between use of IT| NAMP members between the use of IT and buyer- supplier relations | smeltzer
and buyer-s supplier representing 8 different (2002)
Relationship industries

48 | USA 248 Information quality and relationship commitment are | Moberg et al
Identification of potential CLM members both significantly related to strategic information (2002)

antecedents of information
exchange

belonging to five
different industries
namely food, clothing,
office supplies , paper
and pharmacy and
loitering

exchange.
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

49 | USA 261 More research is needed to understand how IT cerbe Ellram and
IT use | common purchasing Purchasing facilitate purchasing and supply activities. Zsidin
activates professionals (2002)

associated with the
institute for SCM.

50 | USA 185 Most firms use EDI for the operational activitessd its | Hill and
Use of EDI in supply chain use is lesser in coordinating activities of suppdycabin | scudder

Food industry (2002)

51 | USA 50 Firms within large number of employees adopt more | Patterson t
Antecedents of technology Revere Group technologies .Supply chain partners successfully al (2003)
adaptation in SCM consultants pressurize other supply chain organizations to adew

technologies

52 | USA 416 Internet —based some significant benefits but tlkeere | Olson and
Use of internet as a purchasing| Customer of a major | scope for further improvement. Boyer
medium Internet retailers

(2003)
Integration and agility related survey

53 | USA and Canada 236 Purchasing's strategic role was positively reldatethe | Johnson et
Impact of purchasing s role , Large service and great use of internal teams and councils, but mot al (2002)
industry context and purchasing manufacturing firms | customer teams.
organizational structure , on the Industry context also played a role in the usageains,
use of various forms of with internal teams and councils more extensivelycu
purchasing teams by the firms

54 | 19 developed & developing countries | 469 Complexities in the product /process and uncegat | Vachon and
Effect of supply chain textile and machine | the management system s adversely affect the supply Klaseen
complexities on delivery tools industries. chain delivery performance. (2002)
performance.

55 | 23 countries from Asia pacific, | 322 There were different supply chain integration sigéds | Frohlich and
Europe , north and south manufacturing that manufactures followed .These supply chain Westbrook
America companies strategies namely inward , periphery , suppliers , (2001)
Supplier and customers costumers .and outward facing have not intuitiveesb
integration strategies and statistical validity in a reasonably large ingional

database

56 | China 100, Shangai based | These firms are not as advanced in SCM practices as Pyke et al
SCM in Chinese manufacturing| large Chinese western firms (2000)
firms manufacturing firms

57 | Europe 149 The significant negative correlation between timgth Bagchi et al
To identify the underlying Manufacturing of relationship with suppliers and performance meas | (2005)
factors of supply chain Industries such as total logistics costs, on-time delivery eatd of
integration in European firms return
with particular emphasis on the
role of information sharing and
inter organizational collaboration

58 | Germany 268 The following hypotheses were supported : Tracey and
Supplier selection and their Member H1: When firms implement supplier selection crigeri | Vonderembl
involvement inter —company from and consider these criteria as important, supplies e(2000)
activities NAMP performance increases.

H2: suppliers participation in the manufacturepiwduct
design process and continuous improvement program
improves supplier performance
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

59 | Germany and UK 220 (i) In the process sector the plants mainly intenkeep | Szwejczews
Supplier policies of Electronics process andtheir supplier base constant while the electroaius ki et al
manufactures engineering sector engineering sector intend to reduce it .(ii) 8f@s of (2001)

reduced suppliers are lower price , lower admiati&in
cost , and easy to manage and improved relations

60 | India 128 Result shows the significant effect of strategiarsmng Khan and
relationship with organizational | Manufacturing and its dimensions on supply chain agility and §rm Pillania
supply chain agility and companies performance (2008)
performance

61 | India 156 (i) About one third of the companies have no SCM Sahay et al
current practices of SCM in Indian companies from policies. (2003)
india diversified industries | (ii) Customer service and order —fulfillment wehe t

range areas for which maximum time was allocated by the
SCM personnel .Surprisingly inventory managemert ya
low in agenda.
(i Transportation .warehousing, manufacturing and
information systems were the most outsourced aytivi
(iv)SCM solutions are used by the only 17.1% of the
respondents whereas ERP package is being used by
about 40%o0f the respondents.

62 | India 40 Concept of supply chain performance is not fully Saad and
investigation of supply chain Managers of embraced by the Indian automobile sector and tgbtdi | Patel (2006)
performance measurement in theManufacturing firms. | the difficulties associated with its implementation
Indian automotive sector

63 | India and USA 105 (56 from US and | There exist a serious difference in the purchasing Motwani
Purchasing practices of Indian | rest from India) practices of Indian and Ahuja
and US managers Manufacturing and US managers (2000)

companies

64 | ltaly 194 There does not seem to much integration amonguarip Perona et al
Integrated management of Companies , shops andactors within the white goods a logistics chairareing | (2001)
logistics chains final costumer the exchange of the sales data.

belonging to the white
goods industry

65 | North America ,South America| 161, Five broad Buyers tend to be reluctant players and far more Spekman et
and Europe industry groups (life skeptical about the benefits of SCM. Buyers areemor | al.
Complexities of SCM sciences, oil, and gas.| likely to highlight the risks associated with hetigimed (1998)

Consumer products, | dependence on a smaller number of suppliers.
utilities and

manufacturing high

tech electronics and

automotive.

66 | North and south 188 The practices and reasons for SCM that distingbigh | Ramdas and
America and Europe 22 extended supply performers from low performers are different for Spekman
Difference between innovative-| chains from board functional and innovative — product supply chains (2000)
product supply chain and industries groups
functional product supply chaing

67 | South East Asia 52, 1S0O 14001 South East Asian countries are conscious about the | Rao (2002)
Greening of supply chains in Certified companies in| greening of the supply chain. More than 70% of the
south east Asia south east Asia sample companies have taken various steps about SCM
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

68 | Spain 400 Improvements in the SCM have been found but also | Casadesus
Supporting the notion that ISO 9000 Certified those aspects in which the companies themselves and De-
implementing a standardized | companies recognize their limitations. castro (2005
quality management system is
beneficial.

69 | Spain 400 Improvements in the SCM have been found but also | Casadesus
Supporting the notion that ISO 9000 Certified those aspects in which the companies themselves and De-
implementing a standardized | companies recognize their limitations. castro (2005
quality management system is
beneficial.

70 | Sweden 118 The sources and categories and universally appéicab | Svesson
Vulnerability in the supply chain Three different the context of vulnerability in a supply chain. (2000)

industries namely retail
suppliers pre fabricated
houses , and furniture
manufacturer

71 | Sweden, Perceived trust of 215 There are high levels of companies perceived trust | Svensson
companies toward s suppliers @nAutomotive industry | towards the suppliers and the customers differ feach | (2001)

d customers in a supply chain. other.

72 | Turkey 83 The majority of respondents indicated that their Burgess et al
Supply chain collaboration and | Automotive firms relationships with suppliers were becoming more (1997)
technology implementation collaborative.

73 | UK 40 Construction supply chain managements is stilisati | Akintoye et
Supply chain collaboration in | Construction infancy .Improved production planning and purchgsin| al (2000)
construction industry. contractors are the key target s for the application of SCM in

construction

74 | UK 100 Few practices accounted for most of the difference | Boddy and
Collaborative relationships in theAll industries with in between successful and unsuccessful organization s.| Macbeth
supply chain experiences in supply | Many conventional change management prescription|s(2000)

chain partnership had no statically significant effect on the outcoofie
collaboration

75 | UK 890 Demand Chain Management (DCM) is currently the | Frohlich and
Internet enabled supply chains | Diversified most powerful web based integration strategy that a | Westbrook
interaction strategies manufacturing and manufacturer can adopt (2002)

service firms

76 | UK 6 supply chains Continuous learning within and between organization| Basnet et al
Shared learning between firms |nSupply cabinets will be a key strategic requirement for buildingdan (2003)

a supply chain belonging to following | sustaining compositeness
industries ;
(i) Semiconductor
(ii)Qil and Gas,(iii)
computing
equipment,(iv) two
cabins in chemical.
industry, and (v)
aerospace industry

77 | UK 30 IT is being utilized by the large multiple retader Birtwistle et

Evaluation of retailers Fashion retailers However. there may be some reluctance by the sppli al (2003)

understanding of quick respons
concept a nd the implementatio
of relevant technologies

- D

to invest the capital required to be able to share
information in real time due to the dynamics and
adverbial nature of the fashion retailers’ relasioips
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

78 | UK 358 A sustainable competitive advantage must exhihit fo | Gowen Il
Impact of human resource Large US dimensions: value added , rareness, imitation cost and talon
factors on competitive advantagemanufacturing And barrier, organizational structure (2003)
of SCM service companies for implementation .This research demonstrates th

these dimensions are activated by HR factors asch
employee training and managerial /employee support.

79 | UK 100 The main barriers in partnership are identified as: Boddy et al
Barriers in supply chain Private and public underestimating the turbulence surrounding pangeri | (1998)
partnership sector companies with| priority conflicts left unresolved, over reliance good

largest group of interpersonal relation, cost, benefit and valueragld
manufacturing models not defined, and insufficient long —termue.c
companies

80 | UK 78 Expansion of horizontal third party alliance srotigh Van —Hoek
Role of control mechanisms in| Telephonic survey on | the offering of supplementary services Is not@emn | (2001)
the development of supply logistics and transport | practice in this sector.
chains companies

81 | UK 118 Construction industry is moving to adopt SCM . Saad et
SCM relationships in Construction Partnering is mainly being adopted up stem and al(2002)
construction organization essentially between clients, consultants and main

contractors.

82 | UK and Benelux 35 Introducing agility in Supply chain Van — Hoek
Agility in supply chain General might raise customer sensitivity capabilities imight et al (2001)

also call for project like management approaches.

83 | USA 84, Members of global| Firms tend to use supplier development as a reatd™ | Krause et
Supplier development through | procurement and and later .as suppliers performance and capalehils | al.(1998)
strategic and reactive process. | supply chain electroni¢ improve , use it as a strategic weapon .This amgbroa

benchmarking network seems justified
(GEBN) initiative at

Michigan state

University

84 | USA 163 Closeness (of views) is essential for success legtwe | Nielson
Role of closeness in buyer Diversified business partners. (1998)
supplier relationships

85 | USA 739 Five hypotheses were presented and validated ifétd fCarr and
Strategic role of purchasing in | Member of NAPM |4 and third hypotheses link strategic puraigto suppliers| Pearson
buyer-supplier relationships olution systems buyers —supplier relationships and firm'61999)

cial performance respectiy. The fourth hypothesis links
aluation systems to bu-supplier relationships. The fifth
thesis links buye-supplier relationships to firm’s finance.

86 | USA 68 (i) Early supplier involvement in product design i Narsimahan
Role of SCM in developing Purchasing managers| significant and positively associated with delivery and Das
operational flexibilities as a of various companies | flexibility. (1999)
measure of acquiring agility who are also the (ii) A positive correlation was found between wole

members of NAPM flexibility and suppliers’ ability to respond toettorder
volume changes and modify products

87 | USA 38 Joint planning is a very unusual in all fieldsmdiistry. | Brabler
Trends in SCM Four sector namely High —tech industry is noticeably open in thispexst as | (2001)

equipment compare d with other branches
manufacture ,

automotive high tech
and consumer good

companies.
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S. | Country/ Region Sample size Remarks Reference
N. | Focus of survey Respondents/
Industry profile

88 | USA 313 SCM initiatives alone cannot improve profitabilapnd Tan et al

Impact of SCM on Performancg of Members Americans market show. Firms must pursue new market .new | (1999)
society of quality technologies and improve cost and delivery perforcea
control

89 | USA 292 Analysis of the survey data indicates that buyecds a Forker and
Cooperative and competitive Suppliers to fortune suppliers have s better shared understanding withei | stannack
approaches on buyer and 500 electronics and completive relationship than with in the cooperativ (2000)
supplier relationship aerospace firms relationship

90 | USA 98 Higher levels of success in these programs arg/like | Myers et al
Automatics replenishment Manufactures and either because of management’s persuasive cagatili (2000)
programs and their effectivenedsretailer in the auto by mandate

supply chain

91 | USA 52 The design link seems to be most important factohé | Toni and
Buyer —supplier operational linksElectronics and supplier development action s set in motion bytthger | Nassimbeni
and supplier development machinery plant firm (2000)

92 | USA 249 Manufacturing firms select and evaluate suppliesedl | Tracey and
Supplier selection criteria and | Subscribers of the on quality , reliability and product performanagt b Tan (2001)
their involvement | buyers’ publication Industry involve suppliers in the supply chain to a muclséss
process Week extent

93 | USA 474 Results indicate significant positive relationshisst Tracey et.al
impact of supply-chain Manufacturing firms in| among three types of SCM capabilities (outside-in, 2005)
management (SCM) capabilities USA inside-out, and spanning) and business performance
on business performance (perceived customer value, customer loyalty, market

performance, and financial performance)

94 | USA 80 Result suggest that a manufacturing firm's SCMefsa | Green Jr. €
to examine the link between Large manufacturing | mediates the relationship between its market aateort | 5| (2006)
supply chain management companies and organizational success
(SCM), market orientation, and
organizational success

95 | USA 107 Provides information about the results of each Sila et al.
To analyze the state of supply | manufacturing hypothesis, their implications, and how these fiiggi (2005)
chain quality management in | companies relate to the previous literature
manufacturing companies

96 | USA 210 Result shows that as variance in supply chain teads | Christensen |
to examine the impact of supply Manufacturing firms | increases, the financial performance of the orgdiin | al. (2007)
chain lead-time averages and decreases
variability on an organization's
financial performance.

97 | USA 13 A basic supply base reduction process is develapdd Ogden and
understand the supply base OEM of different outlined based on the similarities observed. Carter
reduction approaches and products 2008)
processes utilized by (
organizations

98 | World wide twenty three 646 Firms choosing to use price as an order winnerado n | Quesadat
countries Manufacturing show any significant difference in the extent ofeemal | a1, (2008)
to present empirical results of ancompanies supply chain integration.

analysis of the strategic
alignment between order winne
selection and external supply
chain integration strategies.

s
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2.10 STRENGTH OF CONTEMPERARORY RESEARCH
Based on the review of reported literature, follogvstrength can be cited.

* Many research journals such lasernational Journal of Operations and Production
Management, International Journal of Manufacturingesearch, International
Journal of Agile Manufacturing, International Jownof Advanced Manufacturing
System, International Journal of Agile Manufactgrininternational Journal of
Computer Integrated Manufacturing. International udeal of Flexible
Manufacturing Systems, International Journal of éRrotion Research, International
Journal of Physical Distribution and Logistics, BEyean Journal of operation
Research, Supply Chain Management. An Internatiodalirnal, international
Journal of Logistics Research and application, Bass Process Management
Journal and Journal of Advances in Management Rebkeatc.have given
significant importance and thrust to the researckhe various issues related to SCM
and AMS. The concepts related to the AMT enablgapluchain like integration,
flexibility, agility are given importance in afor@sl Journals. Some of these Journals
have come out with special issues on agility anelgration. Such support appears to
be one of the major reasons for the boost in rekaarthis area.

* Recent technological advances in tools used farmétion sharing, among trading
partners have led to the sudden and sustained s¢apwrovement in supply chain
activities. This accompanied by many technical arahagerial issues, have drawn
attention of researchers.

« Companies are now recognizing the importance toamcd their manufacturing
capabilities and its effectiveness in the purvidwhe supply chain for their survival

in the competitive environment. Workshops and sansiare frequently held to keep
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Table 2.6: Some identified Gaps in

Literature

S.N.

Author(s)

Gaps ldentified

Remarks

Gunasekaran
and Ngai,
(2003)

Most of the literature on use of technolg
in SCM discussed only the implications
one or two aspects of supply chain,

example strategies, tools and techniq
but not in entirety. Design an
implementation of technological system {
an effective SCM have not receiv

and practitioners. However
comprehensive survey of technology
SCM will be useful to identify the criticg
success factor of technology for
integrated supply chain.

adequate attention from both researchers

g comprehensive survey
dbcusing use of technological
f@aools in SCM has been
uesnducted in this research

d
or
ed

a
n

l
an

Kadambi,
(2000),
Sahay et al.,
(2003)

Few empirical studies on SCM have be
conducted in India; these are either ba
on case studies or descriptive studies

2e3ome hypothesis have been
sfdmulated and tested in this
research.

Bruce (2004)

There is need to deal with a ndtwalr
companies in a business to understand
manage partnership through out its sup
chain and ensure that whole supply ch
should agile.

Variables related to integratio
and agility of supply chains
pivave been identified and
amodeled using ISM.

Zhao et
al.(2002)

The value of information sharing depern
on several conditions; he showed t

for a manufacturer under tight capac
They found that demand
sharing has more value if demand is hig

lead-time is long.

informationieveloped between type of

correlated over time, highly variable, or theompetitive strength acquired

dgarious kind of information

survey a relationship has bee
higformation sharing and

by the manufacturing
enterprises

Gunasekaratr
et al.(2001)

1Highlight the need of
study the measures and metrics in
context of following reasons

* Lack of a balanced approach,

used,

metrics at strategic, tactical, a

performanceJsing a questionnaire with
measurement system, a greater need BBSC approach a distinction h

« Lack of understanding on decidingiven value based on three
on the number of metrics to be&riteria, Perceived usage valy

 Lack of clear distinction betwe€d

theen made among different
performance metrics. Each
Performance metrics has bee

frequency of use and Ease of]
fneasurement using three

hd

=)

haharing has been investigated.
demand sharing has no significant benefithrough a questionnaire based

=)

operational levels.
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2.12

the managers updated with agility, integration dledibility related issues. The
literature is dominated by empirical, case and ephel studies so that managers are

able to understand the dynamics of supply chain.

211 GAPS IN CONTEMPORARY RESEARCH

The identified gaps in literature provide oppoityror research in the area of
SCM. There is vast scope of research in this anea t® the fact that SCM
encompasses a wide range of activities, where ratieg reflects the reality of
business activities. Effectiveness of SCM is higidypendent on technological inputs
such as use of IT tools, use of AMT tools etcsltalways possible to improve the
supply chain performance as these technologiesnu@tiity grow and mature. Besides
technology, other issues such as social, behayiouétliral relational etc. are major
ingredients for the success of SCM. There is a sespe of research in these areas
also. Table 2.6 provides a list of identified gapdliterature. The identified gaps
provide motivation for the present research. Issuekted to technological

enablement, integration and agility variables aidely attempted.

Earlier surveys of Indian supply chains are notusx towards assessing the agility

and integration of the supply chain of advancedufesturing systems.

CONCLUSION
In this chapter, a review of literature relatedSSGM has been reported. An
issue based literature review has also been pexbémtthis chapter. Due to nature

and scope of the present research, technologicbl@ment, information sharing,
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performance measurement system, integration ardyaglated issues in supply
chain management are the main focus areas oftdratlire review Research papers
related to state of art survey, case study etwe ladso been studied and gaps have
been identified and reported. Identified gaps hanevided direction and motivation

for the present research, which are reported istisequent chapters.
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CHAPTER 3
AMT PRACTICES AND THEIR
IMPACT IN INDIAN ORANIZATIONS

3.1 INTRODUCTION

Indian manufacturing enterprises were working ipratected environment, lacking in
modern technology and facing less competition. rAftee liberalization of economy, they
faced global competition. Several multinational pamies, entered into Indian market, and
brought new technologies and management practiSasce then different advanced
manufacturing technologies have been implementedgalith compatible management
practices.

To provide best products and services to the custotie holistic concept of supply
chain management also implemented by the orgaoimtin which all the entities of the
value chain are working together and deliver tkempetence to make the end product and
services more competitive. The purpose of suppaircimanagement (SCM) is to obtain the
benefits of vertical integration without the assted costs.

In last one and half decade of development in irddsand service sector, SCM and
AMT have become complementary to each other. Tloeess of SCM depends to a large
extent as the success of incorporating AMT in tiseipply chain. Also AMT has created
many opportunities for the management of supplyinchey providing information and
automating the processes with the ability to predlazge variety in small quantities with
frequent new product introduction without incurricgst or delivery time.

In this chapter, the results of a questionnaireetdamirvey of Indian manufacturing

organizations are reported. Various other aspettsh® survey such as questionnaire
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development, its administration, validity, desaxiptstatistics, and summary have also been
discussed.
3.2 QUESTIONNAIRE DEVELOPMENT

To address the issues related to Technology-enablkeaf supply chains and also to
assess the status of SCM in Indian industries,estopnnaire-based survey was undertaken.
The questionnaire was designed keeping in viewatralable literature and the previous
surveys. The practicing managers and academiamtieiarea of SCM were also consulted
during the development of the questionnaire.

As the response rates of such surveys are notsgattic and the respondents are
generally reluctant to spare time in respondinthese questionnaires, the questions were set
close ended, so that lesser time and efforts aedeakin filling the questionnaire. It was
designed on a five-point Likert scale. However, sooh the questions contained objective
type of options as well. In order to perform state analysis the individual responses were
coded 1 through 5 according to their weight. Thestionnaire was divided into three
sections, Section | dealt with the organizationatfife, Section Il with supply chain
management and advanced manufacturing technologj@®d issues, and Section IIl with
performance measurement related issues in SCM.
3.2.1Structure and Content Validation of the Questionnaie

The questionnaire was tested for two main typesgatitlity (i) content validity, and
(i) construct validity. Content validity representhe adequacy with which a specified
domain of content is sampled (Nunally, 1978) arad the instrument has items that cover all
aspects of the variables being measured. Contdidityaannot be determined numerically.

Its determination is subjective and judgmentalprimarily depends on an appeal to the
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propriety of content and the way it is presentedr(@ly, 1978). The instrument developed in
this study demonstrates the content validity asstection of measurement items was based
on both, an exhaustive review of the literature dathiled evaluations by academicians and
practicing managers during pre-testing. The contalitity was further tested during pilot
survey as per the guidelines given by Forza (208£¢r a careful review of the respondents’
answers to the questionnaire during pilot surveynes questions were modified to convey
their intended meaning, and few questions wereteklérom the questionnaire as the
suggestions received from the experts. The constvadidity was verified through
exploratory factor analysis. Factor analysis wasdoated to test the uni-dimensionality of
the multi-items perceptual measures. As per thgestgpn of Kim and Mueller (1978) only

items with a factor loading of more than 0.40 wesed in the questionnaire.

3.3QUESTIONNAIRE ADMINISTRATION
3.3.1 Target Industries for Questionnaire Administiation

Four sectors from the Indian manufacturing industgre selected for the
administration of the questionnaire. These areaitp (ii) machine tools (iii) machinery and
(iv) electrical and electronics.

These four sectors from the manufacturing industaiee quite diversified in nature
and it may be assumed that these are the reprégergactors of the entire manufacturing
industry. Though no specific supply chains wergeged in this study, the sample companies
together constituted many diversified supply chairsr example, in the auto sector the
sample consists of the OEM, and the first tier $epp such as electronic components,

steering, brakes, clutches, fasteners, glass suppditc. Some other first tier suppliers are
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part of the auto supply chain but due to the natdirmanufacturing operations these have
been put in the other sectors such as machine aodl€lectrical sector. Among the electrical
and electronics sector companies, they import l@yponents mainly from China/ Japan/
Korea and other East Asian countries. However, tfie plants machinery and its

maintenance it is dependent on the engineeringisect

The machinery industry is characterized by longdléiane in manufacturing and
product development and low level of participatioy suppliers (Dangayach 2001).
Machinery sector is the key supplier for establighthe set up for all manufacturing
facilities. Machine tool industry has involvemerftvarious advanced manufacturing tools
like CAD/CAM/CAE and modern machining processes.cMae tool sector is the major
supplier of different vendors, supplying the comgats to the OEM.

Among these, auto sector is seen as a flagshig. dtso frequently regarded as a
barometer measuring the current wealth of a nagi@sonomy (Childerhouse et al., 2003).
Though it has similarity with the machinery and mae tools sector as far as the
manufacturing processes are concerned yet the coegpa this sector mainly use mass
production, which is not always true in the casetbier sectors. The extreme complexities
and large bill of materials further makes it andablcase for the study of SCM practices. The
companies selected for the survey in this secude both-the auto manufacturers and the
auto component suppliers. On the basis of abovereaigons, it may be said that though the
respondent companies in these four sectors doamstitute four separate supply chain these
are certainly the parts of many different supplgiok. Therefore, a study of the perceptions
and practices of these companies on SCM relategsssight provide a fair assessment of

the Indian manufacturing industry.
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3.3.2 Method of Questionnaire Administration

The postal survey method was used for the admaistr of the questionnaire.
Companies for survey were taken form the DirectofyySO 9000, 14000 and QS 9000
Certified Companies in India (Indian Promotion @Gen2006), Exhibitor catalogue (7th Auto
Expo 2006 N Delhi)., ENGIMACH Souvenir (India Maoki Tool Show 2007 New Delhi)
companies in India and India’s 500 largest weatdatr companies (Gandhok et al., 2000).
In order to assess the SCM issues of advanced a&ntihg systems in India, it was tried to
ensure that the sample companies fulfill three mimn criteria: (i) the annual turnover is
more than Rs 5 Crores and (ii) the employee sthersginore than 50 (iii) using computer
aided devices in manufacturing activities.

One thousand two hundred companies operating dina Ivere identified for the
survey. The survey was conducted during Februatptéec 2007. In most cases only one
guestionnaire was sent to each of the sample comparestionnaires, including a covering
letter and a self-addressed stamped envelop weilledhta the senior executives such as
chief executive officer/ managing director/vice-egident/ general manger/ personnel
manager etc. To encourage the response rate, dnesades were assured that they would be
given the findings of the survey as soon as itomgleted. Wherever needed, re-reminders
followed the reminders. Personal visits, Phonescaifid e-mails were also extensively used
in promote the responses to the questionnaire. dst mases, the addressees filled the
guestionnaire at their own; however, in some catlesr executives filled the questionnaires
on behalf of the addressee. The respondents pesfdehe results of the survey are discussed

in the next section.
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3.1 a: Respondent's szctor

M Automobile

BMachineries

BAMachinetools

BElectrical &
Electronics

10924

3.1 b: Natire of Manufactitre

mOEM

8 Supplicrto
OEM

3.1 ¢: No. of Employees

MLes than 100
BH101 - 500
B501-1000

81001 -3000

BlMorethan 3000

3.1 d: Employze percentage
using AMT

%

=

=J

21%

BlLess than 5%
Maeoe- 25%

B26%-50%

30%

= \\\ @519%-85%
4( 6 SRR

3 12 Annual Turnover ( Rs
Crores)

B Lessthan 10

m10-50.

B:1-200

B201 1000

Emorethan
1000

3.11: Profit trend in last thiee
log  veas

DIncreasedby 102 PA

BIncreasedmorethan
102 PA

A Ahnost congtt

Bdecreased

Bcan't 3y

3.1 g: Average no. of Suppliers for
Raw Material

MLessthan 3
g@3-5.

399 @s5-10.
Bmorethan 10

Bcan't say

3.1 h: Positionn m SC collaboration

M Strong believer
OBeliever but go
slow strategy

Bmildbeliever

Bootinteresred

Figure 3.1: Respondents Profile
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3.4 SURVEY RESPONSE AND RESPONDENTS PROFILE

Of the 206 usable responses, automobile and relateldistries comprised 45.1 % ,
Machine tools industries 19.4 % , Machinery 18.%f6 electrical & electronics 16.6 %.
60.7 percent are supplier to OEM and 39.3 percenO&M. Other information like number of
employees in the organization, annual turn ovegraye number of suppliers for raw material,
use of AMT by employees, position/stand on suppigic collaboration, profit trends of last

three years are given in (Figure 3.1).

3.4.1 Non-response bias

One test for non-response bias is to compare tissvexrs of the early and late
respondents (Lambert and Harrington, 1990). Thecldgehind this is that the late
respondents are more likely to answer the questioaike non-respondents than the early
respondents (Armstrong and Overton, 1977). Theegfoon response bias was assessed by
comparing the responses, which were received fegesending two or more
reminders (total 45 respondents in this case) thighearly respondents do not significantly
differ from the late responses. Therefore non-respdias in this study is ruled out.
3.4.2 Reliability of the Questionnaire Survey

For each question, wherever applicable, coeffic{@fpha o) was calculated to test
the reliability and internal consistency of thep@sses. Alpha, with a value of more than 0.5

is considered adequate for such exploratory workn@lly, 1978). The values of for all the

guestions have been found to be more than 0.5amtaverage value of 0.7347 (Table 3.1).
It implies that there is a high degree of intercahsistency in the responses to the
guestionnaire. The question numbers in Table 3ek te the administered questionnaire, put

as Appendix Al of this thesis.
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Table 3.1: Internal Consistency of the Responses

Que. no. | Question area No. of itemScronbach coefficient )
9 Competitive strength 11 .6056
10 Reasons of delays 5 5715
11 Level of information sharing 8

_ ) .8085
with suppliers
12 Level of information sharing 9
_ 7364
with customer
13 Mode of correspondence 5 5715
14 Use of AMT Tools 17 .8602
15 AMT information sharing 4 .7386
16 Problems in S C integration 5 5736
17 Benefits of AMT enabled supply 17
) .7386
chain
18 Barriers in AMT enabled S C 10 .8354
19 Reasons of Adoption of AMT .7079
20 Activities where AMT are used .7300
21 Weightages of factors in AMT 11
.6259
enabled SC
22 Degree of investments in AMT 10
.8830
tools
27.1 Customer service related 10
_ .7555
performance issues
27.2 Financial Measures 8 5318
27.3 Internal business measures 14 .7626
27.4 Innovations and Other measures 11 .4889
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3.5 RESULTS AND DISCUSSIONS
3.5.1 Supply Chain Strategy

Supply chain management (SCM) focuses on how fiutikze their suppliers;
processes, technology, and capability to enhane& ttompetitive advantage. It also
promotes the coordination of manufacturing, logstiand materials management functions
within the organization (Lee and Belington, 199R).order to the individual companies
effectively work in a supply chain, proper coordioa and planning among the linkages of
the chain is necessary (Cartwright, 2000).

It has been found that 28.4 % of the respondentpenies are strong believer in
collaboration and are actively extending their dyppghain. 38 % of the respondent
companies believe in collaboration but use a gordtrategy. 32 % of the respondents are
interested in collaboration but have other priestibefore entering into any such
collaboration.

The results are similar to Sahay et2008), they have observed that about one-third
of the companies had no supply chain policies. akieria and Shankar, (2004) have
observed in their survey about Indian enterprisg thore than half of the companies are
strong believer in supply chain collaboration. THegve included FMCG sector in their
survey. The comparison of these two results inde&cahat FMCG sector have more
willingness in supply chain collaboration as congpty manufacturing sector. Though the
companies appear to be enthusiastic collaboratidhair supply chain, it also appears that
these collaborations are more on one-to-one bastheacompanies are not in practice of

regular joint meetings with all the partners ofitlsipply chain.
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3.5.2 Competitive Strengths of Respondent Orgarations

The respondents are asked to rankcdnepetitive strengths of their organization
and the results are presented in Figure 3.2. Moteorespondents ranked the quality (4.18)
as the major strength of their organization. Otl@mpetitive strengths like cost-
effectiveness (3.85), manufacturing technology B.4product customization (3.42),
innovativeness (3.38), service level (3.07) emerggsmajor competitive strength of the

respondents.

Product Quality 418

(.99

Cost eftfectiveness

h

Manufacturing techinclogy

Product Customization

Innovativeness

Sarvice level

Market share

Enginzering and Technological . expertise

Sales and Marketing

Eesponsiveness to Customerneeds

Labor productivity

Qs.D. mhean

Figure 3.2: Competitive Strengths of the Organizatins
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Though manufacturing enterprises of neighbor cqu@trina produces stiff competition
in terms of cost effectiveness (IPF annual rep®@®7). The parameters like labor
productivity, engineering expertise and responsgsrto customer needs have low mean
score, that shows the below average growth in naatwfing and related technologies in
India. Human resource related issues may alsoethgon behind it. It can be observed
that there is maximum variation in the engineerargl technological expertise with
standard deviation of 1.22 that indicates the §iant variation in adoption of advanced
technologies by manufacturing enterprises in India

Many companies are still lagging in expertise ofieeering and technology. On the
other hand Sahay et al (2003) reported about laekl@ption in IT related technologies.
3.5.3 Delays in SCM Processes

While everybody agrees that wasting time is undé##; consensus on what constitutes
wasted time is far from unanimous. High speed tsahways synonymous with better use
of time, but attacking and eliminating delays ina&hly improves throughput and
customer services (Tersine and Hummingbird, 199Bhigating delays and improving
product flow involves creativity, specialized sgjllcapital investments and behavioral
changes.

Respondents are asked to rank the areas whereitymajbdelays takes place in their
organization (Figure 3.3). The maximum delay tgiese in the order finalization (3.44)

followed by manufacturing / operation (3.07) andenial service procurement (2.98).
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Order finalization

Manufacturing/operations

Matenal/ service
procurement

Enginzering/ planning

Delivery

0S.D. BMean

Figure 3.3: Delays in SCM Processes

It seems that still there is lack of trust buildidpng the supply chain of Indian
manufacturing organization. Agrawal and Shankal0®&0also reported about lack of
trust among Indian manufacturers. Major thrusthefirt work is to promote on line trust
building in Indian conditions through IT enablement
3.5.4 Level of Information Sharing with Suppliers

In this survey an attempt has been madxpiore the types of information, which
supply chain partners usually share. For this pep@ight widely used domains of
information sharing were identified from the literee and discussions with academicians
and practicing mangers. Respondents were askeudicate their level of information
sharing with the supply chain linkages on a 5-paikert scale. Three most widely used
areas of information sharing (Figure 3.4) have b&klmtified. These are related to

inventory status (3.83), company’s production cq8tg5) and technology know-how
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(3.34). The magnitude of this information shariag, shown within the bracket, is an

indicator of only moderate level of information ghg. Therefore, it may be inferred that

there is enough scope of further collaboration.

The survey results indicate the involvement of sieppn the manufacture’s processes
(Freeman, 1998). This may be attributed to the tjaue between these two surveys and
due to the increasing awareness among the mantdestabout the constructive

involvement of suppliers in their supply chain.

INventory Status p—

Company's production coS el L0 sae

Technology know-how 3.34

Company's future plariu—"tle 3.25

Purchasing and salc et 3.13

Product developmen i 3.08

Market developmen gt U 2.86

Sales forecastinCummtiLts 276

0 1 2 3 4 5

B Mean 0OS.D.

Figure 3.4: Information sharing with supplier
3.5.5 Level of Information Sharing with Customer
Same domains of information sharing veigh suppliers are used in the
guestionnaire to know the status of informationrsttawith customers (Figure 3.5). It

has been observed that information sharing withotoer related to company’s future
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plan is found to be in top with mean value of 3f60owed by information sharing
related to purchasing and sales, product developamh order tracking. It shows their
main focus on projecting their best image in fraftcustomer. Information sharing

related to company’s production cost and technolompw how are found to be low.

- 1o . O
Company's future plan % 360

17

Purchasing and sales
Product development
Order Tracking
Market development
Sales forecasting

Inventory status

Technology know-how

Company's production costs

O0S.D. mMean

Figure 3.5: Information sharing with customer

There is maximum variation in the sharing of imfation related to purchasing and
sales and technology know how. Several advancedif@eturing enterprise are sharing
this information in top priority and many are troinally conservative. It can be perceived
that organizations are reluctant to share inforomatielated to technology know-how

(2.84).
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3.5.6 Mode of Information Sharing

To know the status of mode of informat&haring being used in the supply chain, it
has been asked to indicate the level of utilizatbwlifferent mode of information sharing.
Telephonic conversations are extensively being usgdindian manufacturers. Use of
Internet, EDI and websites are more as compargeathtiopnal mode of correspondence like
fax and post/ courier. The details of the survesults regarding the mode of information

sharing are shown in Figure 3.6

Telephone
E-mail
EDI
Websites

Fax

Post or courier

O03.D. mMean

Figure 3.6: Mode of Information Sharing
3.5.7 Use of AMT Tools
As for use of AMT is concern, firms may use a nembf AMT tools such as CNC
technology, PLC’s, automated inspection technokgmutomated data capture devices,
LASER oriented facilities, EDI, rapid prototypingutomated material handling devices,
flexible manufacturing systems etc. Respondent®wasked to indicate the level of use of

these AMT tools in their organization.
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It is observed from the survey that PL&'e the most widely used AMT tool,

which is being used by 66% of the companies. ER® @AD/CAPP software are also

emerging as favorite AMT tools among the compankiéieen percent of the companies

have planned to install ERP within next 6 months38% of the companies have no plan to

use it in near future. However, the applications FMIS, robots, ASRS, CMS, rapid

prototyping and SCM software are limited in thei&émdmanufacturing enterprises (Figure

3.7).

PLC's/ Mechatronics devices

ERP

Automated inspection Technologies
LASER oriented facilities
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Figure 3.7: Use of AMT Tools
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SCM software’s are not much used automation toeind used by only 20.87% of the
companies. Jharakharia and Shankar (2003) rep@@eif6o in their survey. Twenty nine
percent of the companies intended to use it witlemt six month but about 50% of the
companies had no plan to use it in the near fuar&kPMG'’s global supply chain survey
(Freeman, 1998), nearly all companies expectedamatic increase in the requirement of
EDI by their suppliers and customers in the yedsad. However, it does not seem to be
valid in the Indian context. The application of lgading is likely to increase in the coming
years but EDI does not seem to be taking grounthenindian companies. Though EDI is
being used by 27% of the companies, more than 60#tearespondent companies have no
plan to use it in the near future. ERP implemeatathnas been reported in 47% of the
surveyed companies, which is significantly higheairt the 40% and 20% figure given by
Sahay et al. (2003), and Saxena and Sahay (208p¢atvely. However, Jharakharia and
Shankar (2003) have reported the ERP implementatiod9%. Kadambi (2000) has
reported the ERP implementation in 60% of the redptw companies in India but it may
also be recalled that his observation is based rdy 82 responses.. Fodor (2000) has
reported in his survey that 20% of the sample cangsahave implemented ERP software
and 15% have opted to install SCM software. Theselts are almost similar to the past
Indian surveys in terms of SCM software. The défere in the level of ERP implementation
in India and in other countries of the globe may dbeibuted partially to the time gap

between these surveys and partially to the locatlitons and some other factors.

PLC’s are still in use in most of Indiaramufacturing companies, that indicates that

Indian manufacturing enterprises are still adheit welatively old technologies and they
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refrain to scrap such devices for adopting rel&tivenodern control devices in their

operations.

3.5.8 AMT Related Documents / Information Sharing

AMT related information sharing isryerucial in the supply chain. It has strategic
impact on several areas of the supply chain manegensenerally OEM use to provide
technology related information to their supplier ftheir benefits. Technology related
information sharing inherit long term benefits fdl the supply chain partners (Zhou et al.
2002). In the survey, respondents are asked teatelilevel of AMT related information
sharing with the supply chain partners. The resuflthe responses are shown in Figure 3.8.
From the results it appears that sharing of teadwylelated information is unidirectional.
Manufacturers are more interested to share sudrniaition with their suppliers (3.98).

Technology related information sharing with custeasris found to be low (2.69).

Suppliers 398
Distributors
Customers
Logistics service[  ]0.6
providers
0 1 2 3 4 5
mMean @OS.D

Figure 3.8: Level of AMT Related Document Sharing
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3.5.9 Use of AMT in SCM Processes

In response of the question aboutais&MT in different SCM processes; Design
and process planning with score of (3.99) is atttpe This indicates that in planning and
design, software’s have almost replaced traditi@ysvof planning and design in Indian
conditions (Figure 3.9).

Earlier Mukundan, 2003, reported the eas@enetrating the design and planning
software’s to replace tradition way of design amanhping. Due to lack of enough use of
SCM software’s, there is lack of collaborative imf@tion sharing in Indian manufacturing
conditions. Other areas where respondents are Usii§'s are data sharing for design
purpose (3.92), manufacturing scheduling (3.63)asueement and quality control (3.60),

operation and material handling (3.52) and purcitaés.14).

Design and process Planning

Data shanng for design purposes

— .

Manufactining scheduling
Measurement and quality control
Operation and material handling
Purchasing

Logistics operation

Collaborative mformation sharing

Os.D. mMean

Figure 3.9: Use of AMT in SCM Processes
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3.5.10 Reasons for Adopting AMT-enabled Supply Chain

The adoption of AMT has direct impliilons for the relationships with customers in
at least three areas. Hayes and Jaikumar (1988gsuthat with the adoption of AMT there
is a need to shift the manufacturing emphasis fi@mroduct orientation to a service
orientation. Consequently, firms should foster tigghinks with customers, with the emphasis
being on achieving quick response to customer ddmbm achieve this, customers should,
wherever possible, be allowed to participate idpat development. Second, the adoption of
AMT production allows the manufacturer to reducewgetimes and produce in smaller lot
sizes. Customer response to such capabilities rogd adopt a just-in-time (JIT) approach,
changing demand patterns by reducing order sizésraneasing the number of orders. The
resulting instability in demand patterns might plagevere strain on the manufacturing
system (Hill and chambers, 1991). Third, sinceithglementation of AMT could create an
entire new market for the firms (Meredith, 1988&) tlsat the firms should be more aggressive

in using AMT as a competitive weapon.

Respondents are asked to indicate thsores for adopting AMT enabled supply
chain. The responses from Indian manufacturersjaite close to erstwhile surveys (Hayes

and Jaikumar, 1988; Hill and Chambers 1991).

Top five reasons to adopt AMT’s comes ootrfrthe responses are reduce throughput
time (4.04), quick response to customer needs Y3&lity of the product (3.89), facilitate
early entry in the market (3.79) and pressure eftthding partner (3.68). Other possible
reasons like consolidation of market share, impnoat of overall efficiency, short product

life cycle and reduced inventory costs scores auirage of 3.3 (Figure 3.10).

95



Reduce threugliput e

Quuck response to customer needs
Qualily and the warranty ol the product
Facilitate early entry in the market
Pressuie of the Trading partner
Consolidation of market share
Improvement of the overall efficiency
Shert product life cycle

Reducc inventory costs

OS.D. mMean

Figure 3.10: Reasons for Adopting AMT enabled SupplChain
3.5.11 Benefits Perceived due to AMT-enabled Supply Chain
The AMT-enablement of supply chain offers sevethdaamtages to the users over the

conventional supply chain where AMT is not predcanithy used among the partners. In the
present survey, most important benefits of AMT-dedlsupply chain, are identified as order
fulfillment time reduction (4.22), better customeervice (4.17), product quality (4.13),
responsiveness (4.08), better capacity utilizat{8®9), access to world class service
provider (3.91), an edge over new entrants in nidestry (3.82), increase in turnover (3.78),
improved relations in the supply chain (3.65) amekentory reduction (Figure 3.11).

The present survey endorses the view thptaved customer service can be achieved

through AMT-enablement as there is a possibilitgighificant reduction in lead times. It is
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also observed from the survey that, in the casemahufacturing companies, AMT-
enablement of the supply chain does not much immathe reduction in material acquisition

cost, unit cost of production and unit transpootatosts.
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Postponement of point of product
diffzrentiation

Low working capital requurement
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Reduced material acquisition cost

Reductionin umt cost of product

Reductionin transportation cost

Os.D. mMean

Figure 3.11: Benefits perceived due to AMT enable8upply Chain
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3.5.12 Batrriers in the AMT enablement of Supply Chain

Barriers which can adversely afféet AMT-enablement of the supply chain were
identified. Respondents were asked to indicate thgiion on these barriers. It is observed
from the survey that a majority of the barriers, winich opinion of the respondents were
sought, are of moderate intensity. Top three b@rgemes out from responses are resistance
to change/ innovation, low priority by the managemand disparity in trading partners’

capabilities (Figure 3.12).

Resistance to change/ innovations

Low prionty by the management

Disparnity in trading partners capabilities

Lack of awareness about AMT

Low level of supply chainintegration

Lack of trust and faith in supply chain
linkages

Poor AMT infia-structural facilities

Laclk of funds

Fear of information system breakdown

Fear of supply chain breakdown

0 1 2 3 4 5

Figure 3.12: Barriers in the AMT Enablement of Suppy Chain
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These results indicate that the disparity in trggpartners’ AMT capability is one of
the major barriers in the AMT-enablement of the mypchains. These results, when
compared with the past survey in Indian contextd@tabi,2000), indicate that there is a
similarity in these two surveys as Kadambi (2008} lalso reported weak infrastructure
outside the organization and small size of theitgagpartners as the inhibitors in the
technology-enablement of the supply chains. Pmoth&t, Sohal et al. (2001) and Kwan
(1999) have identified financial factors and la¢kcompatibility of partners as the barriers in
the technology-enablement of manufacturing comganie

From these surveys, it may be inferred that thpadity in trading partners’ capability
is a major barrier in the AMT-enablement of the @ypchain. This observation is in line
with the observation of Angeles et al. (1998), vitnand that implementation of high level of
technology alone do not automatically lead to sssc&hese observations imply that though
companies may put individual efforts to integrdteit organization through technology but
the integration of supply chain requires some mummcompatibility with the trading
partners, and then only the potential of technolcayy be fully tapped.

3.5.13 Problems in Integrating Internet in SCM

The Internet is a tool that allowgpgly chain activities to be carried out in a
synchronized, instantaneous manner, facilitatingpbu chain performance. The positive
benefits of integrating the internet into manageinwérthe supply chain generally outweigh
the risks and associated costs, and firms who kawepleted such integration hold a
competitive advantage over those that have nariet deployment is rather a supply chain
management tool that can be used to improve custsatisfaction, reduce costs, smooth

production flows and shorten cycle times.
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Use of internet has been spread &l dwvdia. It is expected that using internet, the
Indian manufacturers will get better connectivity the supply chain that results in an
integrated supply chain. McCormack and Kasper (R0B@ve reported a significant
relationship between Internet usage and supplyncipgirformance, however, from the
present survey, it appears that the use of Intemktdian companies is mainly confined to
communication through e-mails.

Other applications of internet like estmess, online ordering and order confirmation,
online quotation, tracking of EPOS etc are not Widesed by the respondent companies. In
this survey, respondents were also asked to ramkptbblems in integrating their supply
chain with Internet and it is observed that thergmovice level (3.78), higher operating costs
(3.57) and lack of trained manpower (3.21) arentilaén problems in integrating supply chain

with Internet (Figure 3.13).

Poor service leve
Higher operating cost ; 357

Lack of trained manpowe

Insufficient bandwidth

m Mean OS.D.

Figure 3.13: Problems in Integrating Internet in SQVI
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However, these problems are likely to get phasddwailn time as the rate of technology
advancements in the recent years. Moreover, th@ vedae of respondents answer is around

three, which represents a moderate level problem.

3.5.14 Degree of Investments in Automation Tools
Respondents were asked about the dedrewestment made by their companies in

various AMT tools, which support the smooth funotigg of their organization and supply
chain. It is observed from the survey that compah&ve made maximum investment in the
computer aided design (3.57) and ERP (3.54) soétw@igure 3.14). However, the
companies have invested much less in SCM softwar@l), AS/RS and other storage
devices (1.95), automated material handling dev({@%2) and employee training (2.21).
Jharakharia and Shankar (2003) observed from #tegly that the investment in SCM
software and extranet are likely to increase inreibut the investment in EDI is not likely to
significantly increase as instead of using extratiet companies are now using Internet to
send the information through e-mail and attachments

Less investment in employee training isidselie that also reported by the (Sahay et al
2003). There is not much improvement as for asstment in research and development and
employee training in last few years in Indian mawctiring scenario. This might be an area
where Indian manufacturing companies need to fog@os. Investment on CNC technology

is not done by all the respondents, so standarati@v is found to be high (Figure 3.14).
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Figure 3.14: Degree of Investments in Automation Tas

3.5.15 Use of Performance Measurement Indicators
Respondents were asked to identify tlostnmportant performance indicators of a
supply chain, relevant to their organization frame tist of given indicators. The 15 most
important performance indicators, as identifiedvirthe survey are shown in the Figure 3.15.
In the overall ranking of performanceigadors, it is observed that on-time delivery
(4.51); return on investment (4.48) and better pobdquality (4.4) are the three most
important indicators for the performance evaluatmna supply chain. Among the top

measures, three belong to financial measures awdbglong to innovation and other
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measures. These findings indicate that the busimassgers accord a very high priority to
the customer service and internal business measkesresult is justified also because it is
the customer who is the ultimate evaluator of thepdy chain by purchasing the products

delivered through a supply chain and thereforearusts’ satisfaction level should figure in

the performance of the supply chain.

On time Delivery

B Mean OS.D.

Figure 3.15: Top 15 Performance Indicators
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3.6 DISCUSSION

The status of AMT-enabled SCM and the related ssunelndian manufacturing
companies have been examined through a questiednased survey. The findings indicate
that Indian companies are moving ahead to adopsupely chain practice and these are in
line with the practices elsewhere. The benefitenlel due to AMT-enablement have also
been discussed in this study. The supply chain gemsahave to decide which AMT tools
offer the greatest strategic values to their sugplgin. The financial impact of AMT on the
supply chain can be quantified only in certain arke inventories, working capital and
costs of communication but its impact on intangblsuch as goodwill and the
responsiveness of the company to react to situmtienfar greater. As more companies
emphasize on responsiveness, the importance of AMICM is going to be increasingly
important in the days to come. It is observed ftbm survey that firms have upgraded their
internal capabilities in terms of CNC technologiesmputer hardware, internet, intranet,
extranet, ERP etc but have been less successtilizing their capabilities for external co-
ordinations, be it in terms of purchase processigtiedata sharing or inventory control etc.
These figures indicate that though companies haveldped individual AMT capability to a
large extent, the integration and information gh@iin the supply chain is still much lower
than desired. Therefore, there is need to remoeddnriers in the AMT-enablement in the
supply chain. The observation of Close et al. (J987also valid in the context as the
companies have developed their internal capalsilibet substantial improvement is needed
to make the supply chain integration a reality.

The strategic practices of VMI, 3PL, and crosskitug are not widely used by the

Indian companies and hence in the supply chairs Ehan indication that there is a gap in
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the practices in the area of SCM. The disparitytredding partner's AMT capability,
resistance to change to AMT enabled SCM, and lefsslipply chain integration need to be
taken seriously as these are found to be the meinebs in the AMT enablement of the
Indian supply chains.
3.7 CONCLUSION

The survey presented in this research empiriedgmines the SCM practices in the
Indian manufacturing industries. Results from tiedg further indicate that information
sharing and AMT have a pivotal role in SCM, whetlteis the issue related to inventory
reduction or buyer-supplier relationships. Therefotong-term strategies should be
developed to boost the information sharing acrbsessupply chain. AMT is a facilitator to
information sharing therefore, a high priority shibie accorded to build up the AMT

capability in supply chain organizations.
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CHAPTER 4
SECTORAL ANALYSIS ON AMT IN SCM

4.1 INTRODUCTION

The Indian industry has started taking some it towards improving agility,
flexibility and responsiveness of their supply cisaiin order to survive in the highly
competitive global market. In the last chapter,cdesive analysis of the survey has been
considered. In this chapter, through a questioenaased study, the various facets of SCM
and AMT are analyzed to find the most frequentlgdu®lements and technologies. The
respondents are categorizes into four sectors laséueir association with the product. The
other classification is based on type of manufactue. OEM and supplier to OEM.

The objective in this chapter is to understane similarity/ dissimilarity with
respect to the issues related to adoption of AMab&ment between original equipment
manufacturer (OEMs) and suppliers, and among diffiersectors within the Indian
Industries, namely auto, machinery, machine tomhsl electrical and electronics. We used
the survey response of 206 respondents whosegisfilready presented in chapter 3.

4.2 HYPOTHESIS FORMULATION

Two sets of hypotheses have been formuldtee first set of hypotheses belongs to the
similarity/dissimilarities in use of technology IYEM and supplier to OEM in the supply
chain, whereas the second set contains the hymstloes similarities/ dissimilarities among
sectors of Indian manufacturing industry in thelENb issues, aiming at establishing a
relationship among these issues. In the seconof setctor specific hypotheses, the aim is to

test the dissimilarities if any among the sectoith wespect to their supply chain practices.
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4.2.1 Use of Technology in Supply Chain
4.2.1.1 Use of AMT

For the effectiveness of a supply chain the ussdeinced manufacturing technology
(AMT) plays an important role. Technology relatedues play vital role in reducing various
types of delays in the organization. In broadespective AMT represents a wide variety of
modern computer-based systems devoted to the iraprent of manufacturing operations
and thereby enhancement of firm competitivenessghe Goldhar, 1991; Meredith, 1987)

Advanced manufacturing technologies are a set ofarated and emerging
manufacturing technologies and skills that can eelaled to increase the efficiency,
productivity and profitability of the modern manafaring industry (Marri et al. 2007).
These technologies may include a number of elemeng integrated environment. The
main objectives of advanced manufacturing techneto@re to enhance manufacturing
efficiency and productivity by improving flexibifitof manufacturer’s, equipment utilization,
effectiveness of skilled labor, effectiveness ofa@dtion, to changing demand, the
effectiveness of management, quality of productd aork life, lead times and costs of
manufacturing.

The main objective of the hypothesis formulatiolatexd to AMT use, is to checkout
the benefits perceived by Indian Manufacturing btdes, especially in reduction of various
delays that adversely affects the organizationsangbly chain as well.

IT enablement of supply chain results the elimmatdf several delays and helps in
trust building (Agrawal and Shankar, 2003). To exp] how the managers perceives in

considering the use of AMT and their benefits faflog hypothesis is formulated
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Hypothesis 1a:0EMs and suppliers have similarity in their perttep in considering that
use of AMT reduces the order fulfillment time.
4.2.1.2 Use of ERP and automation tools

Enterprise resource planning (ERP) solution is rameasingly popular category of
enterprise software that organizes and intercosneuist day-to-day tasks of a business,
such as entering orders, tracking product shipmesuiseduling production, and updating
sales forecasts and balance sheets (Donovan, 1999).

The movement towards B2B, e-commerce and SCM hiatély forced ERP
system providers to reevaluate their models. ERRIees would have to shift toward more
flexible systems to compensate for the need totadaghanging business cultures. Point and
click systems are also a near-term direction tgstpmore user-friendly operation and thus
reduce training cost. Perhaps ERP venders' stroagssts are the large customer bases they
possess. In the 1980s TQM was the business fad, lihsiness process reengineering in
1990s, now companies are looking at ERP and SCileasolution. The trend indicates that
ERP will adapt through the incorporation of modulgugrades to current systems and the
exploitation of the small- to medium-sized markets.

Accordingly, the industrial trend between ERP ar@VSis that the integration of
supply-chain capabilities with ERP systems will thome to be enhanced in the near future.
One of the main reasons is that cross-enterpriggration will continue to be one of the
major organizational goals, especially for thosesehbusiness success is directly dependent
upon the success of their supply chain. DrivenHgyrharket forces such as shifting channel
power and demand for fast cycle-time-to-market, SKkd created a critical and influential

business success. Consequently, organizations teegiy on SCM systems as a new source
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of competitive advantage. To explore the comparisondian manufacturing organization
with difference in type of manufacture (OEM and ligrs) and how they perceives the use
of ERP and automation tools, following hypothesesfarmulated.
Hypothesis 1b OEMs and suppliers have similarity in their pergeptin considering that
use of ERP and automation tools in the supply ch&duces the product/ material
acquisition cost.
Hypothesis 1c OEMs and suppliers have similarity in their pergeptin considering that
use of ERP and automation tools in the supply chealps inventory reduction.
4.2.2 Information Sharing in Supply Chain

Auto sector have relatively more complex bill ofteraals. In this sector, many of
the components and materials are outsourced framuwgasuppliers. Outsourcing demands
for active collaboration between the manufactuagrs the suppliers in product development.
These collaborations ensure the quality and reiiplaf the finished product. Due to these
reasons the manufacturers in the auto and engmgeséctors frequently share information
with their suppliers. Some of the observationshe Arthur D. Little’s survey (1999) on
SCM put auto sector as a leading user of SCM softwBhe companies in the auto sector
involve suppliers in the forecasting and producteli@ment activities. It is reported that in
sharing product design and strategic use of IT maade a global impact (Saxena and Sahay,
2000). These observations lead to the formulatfdnypothesis as follows.
Hypothesis 2a:Auto sectors more frequently share the productteelanformation with the
suppliers in comparison to other sectors.
Hypothesis 2b:Compared to other sectors, auto sector makes meeeofl AMT in design

data sharing.
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4.2.3 Internal Business Activities

The increased competition and globalization havenkt@e source of motivation to
the business managers in paying more attentionrttsniaternal business activities such as
inventory turnover, assets utilization, operatirggtc manufacturing lead-time, just-in-time
environment etc. The improvements in these aadwitesult in lean and responsive supply
chains. Auto supply chains are the examples of &armand agile supply chains (Kehoe and
Boughton, 2001; Svensson, 2001). These supply stei@ considered as a network with
both, high complexity and relativity high uncertginn terms of variation in product level
demand (Kehoe and Boughton, 2001).

Due to highly competitive environment in the aurtdustry, managers are motivated
to adopt the latest tools and techniques of indilstngineering. The automotive industry
thus defines the industry standards in any couihateja and Banwet, 1999) and its study
enables one to study the emerging trends in theslolpvmg countries (Dangayach and
Deshmukh, 2005). Under such situations it may beuraed that the auto sector pay
relatively more attention to internal business \diitis. Hence the next hypothesis is
formulated as follows.

Hypothesis 2c The auto sector pays more attention to the intelnainess performance
measures of the supply chain compare to others.

4.2.4 Customer Related Issues

Customers generally, concern to lead-time, quadityproducts and services, company’s
performance service and the cost effectivenessoBulibng term basis and more importantly
in the era of globalization any firm’s competitiess lies on different customer related issues

(Gunasekaran et al. 2001). Automobile companiesfaceng tough competition in last
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decade. Since India has a big market with 1200anilbeople. So a global competition can
be observed in days to come.

Our next hypothesis is dedicated to test the lefedoncern of the auto sector for
customer related issues in comparison to otheosect
Hypothesis 2d The auto sector pays more attention to the Custossvice related
measuref the supply chain compare to others.

4.2.5 Financial Issues

Financial performance measures indicate whether togpany’s strategy,
implementation and execution are effectively cdmitting to the bottom line improvement of
a firm. Financial objectives include achieving miability, maintaining liquidity and
solvency both short term as well as long term, dginoim sales turnover and maximizing
wealth of shareholders. In simplicity, financialag® are to survive, succeed and prosper.
Survival is measured by cash flow, success by drawtsales and operating income and
prosperity by increased market share and returaquity and capital employed. Machinery
and Machine tools industries are understood asté&egntire manufacturing. From power
generation to commissioning a plant this sectoypkvital role. The leading enterprises in
India belong to this sector are quite old and faialty sound.

So our next hypothesis is dedicated to this se@mrce the leading players of this
sector have long life and survived in several desadll aforesaid reasons are sufficient to
formulate next hypothesis as follows:.

Hypothesis 2eThe machinery and machine tools sectors pay maeatadn to the financial

measures of the supply chain compare to other secto
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4.2.6 Investment for the AMT-enablement of Supply Gains
Use of technology in supply chains has become ass#y for the survival and growth of the
companies (Sahay et al., 2003). The technologylemamt of a supply chain not only
improves the responsiveness but also brings acgimasommunication. For the automation
of their supply chain, firms may use a number @ht®logical tools such as bar coding,
extranet, EDI, SCM software, ERP etc. It is obsérirem the KPMG supply chain survey
that the automotive sector has integrated its @dgical systems more than any other sector
(Freeman, 1998). Similar observations were madEdaor (2000): his survey indicates that
automotive sector is the leader in adopting anéstiug in technological tools. Other sectors
are also much aware to adopt and invest in AMT leaabupply chain but auto sector is
known to adopt AMT for several reasons. These olasi®ns lead to the formulation of the
last hypothesis as follows.
Hypothesis 2f Auto sector has made more investments towards the dkgyn-enablement
of its supply chain as compared to other sectors.
4.3 HYPOTHESIS TESTING

Statistical tests like t-test, correlations and ANOhave been used to test the
hypothesis on the SPSS version 15.00 software. quick reference of the proposed

hypothesis, each of the hypotheses is reprodudedebiéis tested for its validity.

4.3.1 Perceived Benefits of AMT
First hypothesis is dedicated to compare the OBM supplier to OEM in terms of
benefits perceived by the use of AMT. The respotslevere asked to tell the benefits

observed/ perceived due to AMT- enabled supplyrchBnree important benefits have been
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taken namely reduction in order fulfillment timerogduct/material acquisition cost and
inventory.
Hypothesis 1aOEMs and suppliers have similarity in their pergeptin considering that
use of AMT reduces the order fulfillment time.

The relevant descriptive statistics are shown ihl@&.1. Independent sample t-test

has been carried out on the data collected from QENd suppliers to OEM’s.

Table 4.1: Effect of AMT Tools in Order Fulfillment Time

Total (N=206) | OEM (N=81)  Supplier (N = 125) mAependentt
Mean S.D.| Mean] S.D Mean S.D. Sig.*
4.22 0.73| 454| 0.71 4.01 0.79 112 0.26

Where t value is not assumed for equal vagalMalue with superscript * is significant at Olegel.

The Table 4.1 shows the 2-tailed significance \alioe the delay in manufacturing
and operation. High significant value (more tha®b) for the t-test indicates that there is no
significant difference between the group meanssTimplies that hypothesiSOEMs and
suppliers have similarity in their perception innsidering that use of AMT reduces the
order fulfillment time”can be accepted at the significance level of 0.05.

Hypothesis 1b OEMs and suppliers have similarity in their pergeptin considering that
use of ERP and automation tools in the supply ch&duces the product/ material
acquisition cost.

The Table 4.2 shows the 2-tailed significance va&lfe the reduction in product/
material acquisition costs. High significant va(ngore than 0.05) for the t-test indicates that

there is significant difference between the growgans. This implies that hypothesis “OEMs
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and suppliers have similarity in their perceptianconsidering that use of ERP and supply
chain automation tools in the supply chain redubesproduct/ material acquisition cost”

cannot be accepted at the significance level &.0.0

Table 4.2: Effect of ERP and Automation Tools in rduction of Product / material

acquisition cost

Total (N =206) | OEM (N =81 Supgg%r)(N ] Independent t Test
Mean S.D.| Mean| S.D Mear S.D t Sig.*
3.12 0.78 3.42| 0.73 2.92 0.91 3.19 0.00n

Where t value is not assumed for equal variancluéAaith superscript * is significant at 0.05 level

Hypothesis 1c OEMs and suppliers have similarity in their pergeptin considering that
use of ERP and supply chain automation tools irstigply chain helps inventory reduction.
The Table 4.3 shows the 2-tailed significance \alige the reduction in inventory
level has High significant value (more than 0.08) the t-test indicates that there is not
significant difference between the group meanssTimplies that hypothesiSOEMs and
suppliers have similarity in their perception innsidering that use of ERP and supply chain
automation tools in the supply chain reduces thesmtory level.”can be accepted at the

significance level of 0.05.

Table 4.3: Effect of ERP and SCM Tools on Reductiom Inventory Level

Total (N =206)| OEM (N = 81) Supplier (N = 125)| Independentt Test
Mean S.D. Mean| S.0. Mean S.D. t Sig.*
361 | 069 376| 058 351 | 071 | 1.83| 0067

Where t value is not assumed for equal variancueéAaith superscript * is significant at 0.05 level
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4.3.2 Sectoral Analysis in Sharing of Information
Second set of hypothesis have been formulated rwdstrate sectoral dissimilarity
in types of information sharing in the supply chalihe responses have been categorizes
based on the sector from they belong to, in foueg@ies. The hypothesis has been
reproduced as follows:
Hypothesis 2aAuto sectors more frequently share the product devedmprand future
requirements related information with the suppliereomparison to others.

Table 4.4: Sectoral Comparison onnformation Sharing Related to Product Development

Information sharing relatedSectors N Mean| S.D.| ANOVA
to product development F Sig*

Auto 93 3.48 1.09
Machinery 39 2.99 1.27
Machine tools| 40 2.35 0.95%
Electrical 34 2.98 1.11]

with the supplier 11.91 .002

Where value with superscript * is significant 2d®level

From Table 4.4 it has been observed that mean whludormation sharing related to
product development is highest for Auto sectorboWéd by Machinery, Machine tools, and
Electrical and electronics sectors, ANOVA test hagn conducted to test the difference
among the sectors. The results of the test poihbbthe group means differ significantly
(less than 0.05). Therefore hypothesis can be tatep
The Mean of Auto sectors and other sectors has t@m@pared using Independent t-test. The
results from Table 4.5 suggest the significantedldhce between the Auto and other sectors
hence hypothesis will be accepted. So using ANOYA kndependent t-test both favors the

hypothesis, therefore the hypothesis is accepted.
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Table 4.5: Information Sharing related to Product Development with Supplier

Sample Auto (N=93) Others (N =113 Inde—?g;‘?emt

Mean| S.D. Mean | S.D| Mean S.D. t Sig.*

3.08| 1.17 348 | 1.08 2.76 121 3.24| 0.001

This Indicate that Auto sector is leader in sudtdiysexploiting SCM practices in
Indian manufacturing Scenario. While other sectwesin process of adopting SCM practices

especially information sharing through which SChegration is possible.

Hypothesis 2b: Compared to other sectors, auto sector makes meeeotl AMT in design
data sharing.

Table 4.6: Sectoral Comparison on Use of AMT in Dégn Data Sharing

Sectors N Mean| S.D.| ANOVA

F Sig*
Auto 93 4.11 0.55
Machinery 39 3.99 0.73
Machine tools 40 3.78 0.8%4.91 .06
Electrical 34 3.51 0.91
Total 206 3.92 0.69

Where value with superscript * is significant 2d®level

To test this hypothesis the respondent were askedlicate the level of use of AMT
in design data sharing with their supply chain mpend. The respondents were asked to
indicate their answer on a five-point Likert scalée relevant descriptive statistics is shown

in Table 4.6.
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The descriptive statistics indicate that auto arathinery sectors are ahead of others
in using AMT for design data sharing. An indeperidample t-test is conducted to test the
hypothesis is shown in Table 4.7. The mean of Aéotor has been compared with the other
sectors. Since p-value is more than 0.05 in TaBlésand 4.7 respectively. Therefore
hypothesis is not accepted.

Table 4.7:Use of AMT in Design Data Sharing

Sample Auto (N =93 Others (N =113 Independdredt
Mean| S.D. Mean | S.D| Mean S.D. t Sig.*

3.92 | 0.69 411 | 0.5 3.77 .65 1.34 0.18

Hypothesis 2c The auto sector pays more weight age to the intdyasiness performance
measures of the supply chain compare to others.

To test this hypothesis the respondents were askedt the importance given by their
organization to some internal business activittestie purpose of supply chain performance
measurement. The mean values of the importancgnassby the different sectors to internal

business measures on a five point scale shownhte %a8.
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Table 4.8 Sectoral Comparison on Internal BusinesBerformance Measures

Weightage to Internal business Sectors N Mean | Standard
measures Deviation
Inventory Turnover ratio Auto 93 3.26 1.14
Machinery 39 3.07 1.09
Machine tools 40 2.99 1.12
Electrical 34 2.89 0.93
Assets utilization Auto 93 4.41 0.89
Machinery 39 4.07 0.94
Machine tools 40 3.85 0.79
Electrical 34 3.57 0.99
Reduction in throughput time Auto 93 3.5¢ 1.32
Machinery 39 3.16 1.22
Machine tools 40 3.32 1.19
Electrical 34 3.03 1.14
Reduced waste Auto 93 4.08 1.17
Machinery 39 3.06 1.28
Machine tools 40 2.89 1.22
Electrical 34 2.93 0.98
Just in time environment Auto 93 3.86 1.14
Machinery 39 2.78 1.23
Machine tools 40 2.82 1.09
Electrical 34 2.65 1.01
Cash to cash cycle time Auto 9! 3.41 1.11
Machinery 39 3.45 1.21
Machine tools 40 3.68 0.99
Electrical 34 3.46 0.87
Purchase lead time Auto 93 2.76 1.10
Machinery 39 2.83 0.79
Machine tools 40 3.68 0.98
Electrical 34 2.46 0.88
Manufacturing lead time Auto 93 3.81 0.72
Machinery 39 3.45 0.99
Machine tools 40 3.18 1.09
Electrical 34 3.45 1.13
Plant productivity Auto 93 3.34 1.21
Machinery 39 3.67 1.16
Machine tools 40 3.68 1.08
Electrical 34 3.53 0.89

118



The Table 4.9 indicates a difference between autb @ther sectors on internal
business measures. The importance assigned by egmondents to internal business
measures in measuring the performance of a sugphyncs compared on independent
sample t-test. The results of the t-tests inditiaé for nine items, which belong to internal
business measures, the mean values of importasigmes by auto sector is more than the
rest of the sectors. Further, in seven of these it@ms considered for internal business, the
difference in the importance assigned between the and the rest of the respondents are
significant (at a p value of 0.05 or less) therefthre hypothesis is accepted (Table 4.9).

Table 4.9: Internal Business Performance Measures

ltem t-value | p-value | Mean Mean

Auto others

Inventory Turnover ratio 2.09 0.04 3.26 2.98
Assets utilization 2.54 0.01 4.41 3.84
Reduction in throughput time 3.66 0.00 3.59 3.17
Reduced waste 1.95 0.05 4.08 2.94
Just in time environment 3.14 0.00 3.86 2.74
Cash to cash time 0.94 0.35 3.41 3.53
Purchase lead time 2.86 0.00 2.76 3.01
Manufacturing lead time 1.78 0.07 3.81 3.35
Plant productivity 2.98 0.00 3.34 3.63

Hypothesis 2d:The auto sector pays more attention to the Customevice related
measures of the supply chain compare to others.

To test this hypothesis the respondents were askedt the importance given by
their organization to select customer service eelactivities for the purpose of supply chain
performance measurement. The mean values of theriamze assigned by the different

sectors to customer related measures on a five poéte shown in Table 4.10
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Table 4.10: Sectoral Comparison on Customer Servideelated Performance Measures

Weightage to Customer service Sectors N Mean | Standard
related Issues Deviation
On time Delivery Auto 93 4.56 0.98
Machinery 39 3.81 1.01
Machine tools 40 3.96 1.13
Electrical 34 4.08 1.05
Order fill rate Auto 93 3.74 1.13
Machinery 39 3.34 1.07
Machine tools 40 3.21 0.89
Electrical 34 35 1.25
After sales service Auto 93 3.48 1.1
Machinery 39 3.01 1.26
Machine tools 40 2.88 0.89
Electrical 34 3.18 1.13
Increase in customer base Auto 93 3.71 1.11
Machinery 39 4.08 1.04
Machine tools 40 3.86 1.09
Electrical 34 3.95 1.19
Retention of old Customer Auto 93 4,18 0.94
Machinery 39 3.97 0.89
Machine tools 40 3.95 0.82
Electrical 34 4.09 1.01
Product customization Auto 93 3.94 1.12
Machinery 39 3.32 1.03
Machine tools 40 3.18 0.94
Electrical 34 3.48 1.16
Better product quality Auto 93 4.76 0.72
Machinery 39 4.09 0.82
Machine tools 40 4.14 0.67
Electrical 34 4,28 0.75
Ease in tracking customer order | Auto 93 3.67 0.99
Machinery 39 3.35 1.28
Machine tools 40 3.51 1.19
Electrical 34 3.49 1.32
Increase in market share Auto 93 4.2 1.03
Machinery 39 3.7 0.89
Machine tools 40 3.86 0.93
Electrical 34 4.09 1.04

The table indicates a difference between auto #mel sectors on customer related measures.

The importance assigned by the respondents toroesteelated measures in measuring the
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performance of a supply chain is compared on inoéget sample t-test (Table 4.11). The
results of the t-tests indicate that for nine itemgich belong to customer related
performance measures, the mean values of impor&@ssigned by auto sector is more than
the rest of the sectors in eight out of nine measuFurther, only two of these nine items
considered for customer related performance messtine difference in the importance
assigned between the auto and the rest of thendepts are not significant (at a p value of

0.05 or less) therefore the hypothesis is rejected

Table 4.11: Customer Service Related Performance Msures

ltem t-value | p-value Mean Mean
Auto others

On time Delivery 1.78 0.07 4.56 3.94
Order fill rate 1.43 0.15 3.74 3.33
After sales service 1.27 0.20 3.48 3.00
Increase in customer base 0.91 0.3 3.71 3.96
Retention of old Customer 0,85 0.39 4.18 3.99
Product customization 2.38 0.02 3.94 3.32
Better product quality 1.98 0.05 4.76 4.15
Ease in tracking customer order 1.61 0.1 3.67 3.4%
Increase in market share 1.77 0.0¢4 4.24 3.87

Hypothesis 2eThe machinery and machine tools sectors pay moeatain to the financial
measures of the supply chain compare to auto asxtretal sectors.

To test this hypothesis the respondents were aakedt the importance given by their
organization to select financial issues for the ppse of supply chain performance
measurement. The mean values of the importancgnaskiby the different sectors to

financial measures on a five point scale shownahl& 4.12
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Table 4.12: Sectoral Comparison on Financial Perfanance Measures

Weightage to financial issues Sectors N Mean Standh
Deviation
Cost per unit of product Auto 93 3.69 1.27
Machinery 39 4.15 1.15
Machine tools 40 4.03 1.32
Electrical 34 3.99 094
Net profit per unit sales Auto 93 | 4.45 0.82
Machinery 39 4.65 0.93
Machine tools 40 4.69 0.85
Electrical 34 4.39 0.79
Turnover Auto 93 4.75 0.58
Machinery 39 4.84 0.52
Machine tools 40 4.86 0.59
Electrical 34 4.74 0.72
Return on investment (ROI) Auto 93 4.34 11
Machinery 39 4.64 1.06
Machine tools 40 4.6 0.97
Electrical 34 4.36 1.04
Economic value added (EVA) | Auto 93 | 3.34 1.17
Machinery 39 4.13 1.04
Machine tools 40 4.03 1.10
Electrical 34 3.49 1.23
Working capital required Auto 93 | 3.53 1.46
Machinery 39 4.1 1.26
Machine tools 40 4.14 1.29
Electrical 34 3.36 1.17
Logistic costs Auto 93 3.74 1.15
Machinery 39 3.9 1.21
Machine tools 40 3.87 1.19
Electrical 34 3.69 1.07
Revenue earn per employee Auto 93 3.33 1.27
Machinery 39 3.92 1.13
Machine tools 40 4.01 1.25
Electrical 34 3.48 1.19

The table indicates a difference between Machiaey Machine tools and other sectors on

financial measures. The importance assigned bydbpondents to financial measures in
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measuring the performance of a supply chain is ewetp on independent sample t-test
(Table 4.13). The results of the t-tests indicht for eight items, which belong to financial
performance measures, the mean values of impor@ssigned by machinery and machine
tools sector is more than the rest of the sectorallimeasures. Further six of these eight
items considered for financial performance measutles difference in the importance
assigned between the machinery and machine tottisrsand the rest of the respondents are
significant (at a p value of 0.05 or less) thereftire hypothesis is accepted.

Table 4.13: Financial Performance Measures

ltem t-value | p-value| Mean (M/c and | Mean

M/c Tools) others
Cost per unit of product 2.35 0.02 4.09 3.76
Net profit per unit sales 2.57 0.01 4.67 4.42
Turnover 0.89 0.37 4.85 4.75
Return on investment (ROI) 3.04 0.003 4.62 4.34
Economic value added (EVA) 2,85 0.005 4.08 3.38
Working capital required 3.38 0.00 4.12 3.48
Logistic costs 0.98 0.32 3.88 3.73
Revenue earn per employee 3.61 0.00 3.96 3.37

Hypothesis 2f:Auto sector has made more investments towards the dkg-enablement
of its supply chain as compared to other sectors.

Regarding investments towards AMT-enablement ofpsughains, nine commonly used
AMT tools were included in the questionnaire. Thems used for the comparison are:
investments in CAD Softwares, CNC Machine Toolgpmated material handling system,
Office Automation, bar-coding, Local area NetwotlAN), automated storage and retrieval

system (AS/RS), SCM software, and ERP softwareléfahl4) .
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Table 4.14: Sectoral Comparison on Investment on AW enabled Supply Chain

Investments towards the AMT Sectors N Mean | Standard
Tools Deviation
AS/RS and other storage systt Auto 93 2.46 0.94
Machinery 39 1.74 0.88
Machine tools 40 1.32 0.46
Electrical 34 1.53 0.50
Automated material handling devii | Auto 93 2.26 0.98
Machinery 39 2.51 0.66
Machine tools 40 1.85 0.83
Electrical 34 1.63 0.45
Bar coding/Automatic identificatic | Auto 93 2.98 1.16
Machinery 39 1.76 0.93
Machine tools 40 1.69 0.87
Electrical 34 2.35 0.79
CNC Machine tool Auto 93 3.32 1.32
Machinery 39 3.29 0.89
Machine tools 40 3.65 0.77
Electrical 34 1.38 0.51
Computer aided design softw Auto 93 3.62 0.93
Machinery 39 3.65 1.25
Machine tools 40 4.27 1.12
Electrical 34 2.52 0.82
Enterprise Resource Planning (E | Auto 93 3.7 1.14
Machinery 39 3.71 1.19
Machine tools 40 3.08 0.95
Electrical 34 3.46 1.24
Local area netwol Auto 93 2.67 0.94
Machinery 39 3.39 0.82
Machine tools 40 2.83 1.04
Electrical 34 2.91 1.01
Office Automatiol Auto 93 2.88 0.81
Machinery 39 3.09 0.73
Machine tools 40 3.32 0.65
Electrical 34 3.19 0.76
Supply chain softwa Auto 93 2.54 0.95
Machinery 39 1.69 0.77
Machine tools 40 1.39 0.82
Electrical 34 1.66 0,55
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Respondents were asked to indicate the degreevedtments made by their organization on

these tools. They were asked to answer in referéacéhe annual turnover of their

organization. The descriptive statistics for the o$ these items in the surveyed sectors is

shown in Table 4.14.

To test this hypothesis, auto sector is compareth vast of the sectors covered in the

guestionnaire (Machinery, machine tools, and atmdtrand electronics) on independent

sample t-test. The comparison is made for the @egfénvestment made by these sectors on

these AMT tools. The results of the t-tests arenshim Table 4.15.

The results of the t-test indicate that six ouhiole AMT’s have p-value more than 0.05. So

the hypothesis may be rejected

Table 4.15: Investments on AMT enabled Supply Chain

Item t-value | p-value | Mean ( Auto) Mean
others

AS/RS and other storage systems 3.28 0.002 2.46 315
Automated material handling devices 1.73 0.08 2.26 2.01
Bar coding/Automatic identification 2.88 0.004 2.98 1.90
CNC Machine tools 1.27 0.20 3.32 2.85
Computer aided design software 1.49 0.187 3.62 3.52
Enterprise Resource Planning (ERR) 1.09 0.27 3.70 40 3
Local area network 0.95 0.34 2.67 3.05
Office Automation .0.89 0.37 2.88 3.06
Supply chain software 2.78 0.006 2.54 1.57

4.4 DISCUSSION

The research conducted in this chapter is impbtiacause through hypotheses, it

establishes the relative importance of two or nindependent variables, which influence a

key issue in SCM. For example, use of AMT toolarsimportant aspect in SCM, and may

promote several SCM processes. However, a managddvwe more interested to find out

the issues, which play a dominating role in impngvihese relationships. It is observed from

125



the first hypothesis that OEM and suppliers in &mdmanufacturing enterprises have similar
perception in considering the effect of AMT redutes order fulfillment time. At the same
time OEM and Suppliers have difference in opinidiowt use of ERP in hypothesis 1b.
Significant difference has been found between theian value as for as the use of ERP and
supply chain automation is concern. This may bezafisuppliers are often fail to utilize the
benefits of ERP systems which may be often OEMesdilly. Other reason in Indian context
may be the poor connectivity of up stream partnarssuppliers with ERP and other
automation tools. It shows that in Indian manufaoty enterprises ERP and automation
systems need to be improve for connecting uppeastipartners also.

Hypothesis regarding the effect of ERP and autmmabols on inventory reduction
has been accepted. Since the advent of severalelaoncepts like JIT and other inventory
reduction approaches Indian managers are much amaréocused on inventory reduction
strategies hence able to utilize automation tamlda so. Both OEM and suppliers are found
equally competent in utilizing ERP and automatiooid in order to inventory reduction.

Results from the study further indicate thabinfation sharing related to product
development with supplier is more common in Autoteecompare to other sector. There is
tough competition in Auto sector as compared teersthn Indian scenario. Auto sector is
quicker in product development and launching nesdpct more rapidly. The existing nature
of this industry promotes information sharing witte suppliers in order to rapid product
development and to remain competitive in Indianket. Compare to others machine tools
sectors has been found less mean value compar¢hén sector. Indian machine tools
Industry still rely on imports of electronics andftswired systems, so the information

sharing level with supplier has been found to ve lo
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A similarity is observed between auto and otheta@edn use of AMT in design data
sharing. This may be because of growing softwadestries in India in terms of software
development and skilled users. Most of Indian camgsmhas been switch over to modern
way of design data sharing from traditional waynater is going to be common tool for
every industry. So there is not much difference mgndifferent sector in use of AMT in
design data sharing. Still mean value of Auto setomore than others with a slender
margin.

Auto sector pays more weightage to internal busingsrformance measures as
compared to others. The Auto sector is ahead witlers in mean value on most of the
internal business performance measures. The masomebehind it may be dedicated to level
of competition in this sector. Auto sectors witressdrequent adoption of AMT’s, hence able
to focus more effectively on their internal busmeslated issues. It can be observed that
Electrical and electronics sector is next to awota as for as mean value is concern.
Machinery and machine tools sector is still haveragy way to give weightage to internal
business performance measures.

A similarity is observed between auto and electraoad electronics sector towards
the focus on customer related issues. Increasiogitrin communication and growing
competition in cellular phones and electronics congmts this sector is going to be closer
partner of Auto sector. In several customer relgtedormance measure electrical and
electronics sector is ahead of machinery and mactuals sectors.  Hypothesis has not
been accepted because high p-value in majorityssiiies. This may be due to growing

awareness about customer related measures amdhg a#ictors
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The conventional nature of machinery and machioksteector have been explored in
hypothesis 2e, where it has been found that thestors pay more attention towards
financial performance measures. Mean value forouarifinancial measures are high as
compared to internal and customer related meagoredmost every sector. Machinery and
machine tools sectors are generally supplier toetyarof industries like Auto, process,
consumer items, so they may have disadvantageein position towards upstream of the
supply chain. Much focus on financial issue mayrésults of insecurity they posses, as
largely depends on other sectors.

It is observed from hypothesis 2f that of all thels which are commonly used for
the AMT-enablement of a supply chain, machinery anaghine tools sector has made lesser
investments as compared to any other sectors isttltly. Among the discussed AMT tools,
the investment made by the machinery and machiaks ®ector is significantly low for
extranet, ERP and SCM software. The machinery sestinown for longer lead-time in
new product development and also the large manufagt lead-time Therefore, it is
suggested that by investing in these automatiols ttead-time may be reduced, It may also
result in concurrent new product development, raspeness and better customer service.

The hypothesized findings indicate that SCM hasoivn importance but different
sectors are adopting it as per their own requirésnand working environments. From a
practical perspective, the analysis reveals thatetis some fundamental dissimilarity in the
operations and working of some sectors and thidhhiig the cause of dissimilarities in their

supply chain practices.
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4.5 CONCLUSION

Testing of two sets of hypotheses has been pexemt this chapter. These
hypotheses are concerned with the use of AMT's abb &s the sectoral similarities and
dissimilarities. It is observed from the first séthypotheses that manufacturing enterprises
perceives the benefits of use of AMT that ultimatedduces the inventory level, hence cost
effectiveness and profits. Further, inventory reaucis another important issue in SCM.
Proper information sharing among the supply chaemimers may help in reducing the
inventory level within an organization and hencéhwm the supply chain. Among the sectoral
hypotheses, it is observed that auto sector is rmonscious about implementation of SCM
performance measures in more effective way wittaaded managerial approaches. This has
apparently led to the focus of industry and acadetmistudy the various issues, related to

SCM in the auto sector.
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CHAPTER 5

AMT ENABLED SUPPLY CHAIN

5.1 INTRODUCTION
India has achieved high economic growth rate iemegears, and is likely to perform
well in future. The growth is largely due to thetfgrowing software exporting industry and
outsourcing service business from developed casitithe implementation of Information
technologies and software can be perceived morkanmking and financial sectors than
manufacturing sector. Manufacturing sector is gegxplore the use of software technologies
to the extent of global standards. As a resultjamdmanufacturing industry is not as
competitive as East Asian and Chinese manufactundgstry. Nevertheless, having more
than 1 billion people and a big market, India haghhgrowth potential in manufacturing
sector too. Adoption of suitable Advanced Manufaoty Technologies to consolidate SCM
by Indian firms is a critical issue that may detgrenhow quickly and how widely Indian
manufacturing enterprises can grow to meet globahdards and competitiveness. This
chapter is focused on the strategic benefits thatsgnificant in the adoption of AMT to
consolidate supply chain management in Indian natufing industries. This chapter is
focused to investigate
* The level of use of different manufacturing teclogiés in India, on scale ranging
from the simple technologies to integrated techgie® such as flexible
manufacturing system and automated assembly lines.
» Different views are held by Indian manufacturindustry in the adoption of AMT as
compared to other countries.

* Reasons for adoption of AMT'’s.
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» Benefits perceived due to AMT enablement of sugplgin management.
* |dentify critical reasons of AMT adoption.

In order to achieve some of these objectives, weeyed of firms in India on their
AMT implementation in their way to consolidate Slyphain Management. Statistical
techniques like factor analysis and discriminardlgsis are used to identify important or
significant interrelations among various AMT andithbenefits to SCM.

Zhao et al. (1997) examined 27 “successful factargjortant to the adoption of
AMT in Singapore manufacturing industries. Discriamt analysis was used to identify
“successful factors” that contributed positivelythe@ adoption of AMT. Those significant are
project team integrity, strategic planning, projebampionship, and technical knowledge.
They also used Factor Analysis to help reduce Réctsssful factors” to 9 common features
that were used in their Discriminant Analysis.

A comprehensive survey on the adoption of AMT wasried out by Statistics
Canada (1998) (Statistics Canada is a Canadiarratestatistical agency and has the
legislative responsibility for providing indicatorsf science and technology activity in
Canada). In that survey, a total of 3702 compamiesipleted survey questions. The
guestionnaire used in that survey has nine maitiossc covering important factors of
business strategy, current status of AMT implent@nashortage of various types of skilled
personnel, results of AMT adoption, obstacles toTAAMlloption, etc.

Pyke et. al. (2002) surveyed 120 manufacturingdiof different types of ownership
(e.g., state-owned, privately-owned, joint-ventued wholly-owned foreign subsidiaries) in

the Shanghai area of China. They concluded thatlifferences among the ownership types
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are often insignificant. Their work provides a veggod measure of the overall level of AMT
adoption in Shanghai, one of the best developedmsegn China.

A complementary survey in less developed regio@liha was conducted by Seh
al. (2001). They surveyed 30 state-owned enterpriS&EE) in Northeast China, where
heavy industries are located. They found that ¢lellof AMT used in these Chinese SOEs
is much lower than expected. One reasonable expanaight be that the Northeast region
in China lags far behind China’s southeast coastabn with reference to ongoing economic
reforms.

Kotha et al. (1998) compared the use of 18 AMTthe U.S. and Japan in an
exploratory study using data from 160 U.S. firm atb Japanese firms. AMT use is
significantly different in the two countries. U.&anufacturers use more scheduling and
control technologies, their Japanese counterpasts more factory floor technologies.
Swamidaset al.(2002) compared the use of 17 different techne®g similar industries in
the U.S. (sample size 1025) and U.K. (sample s&®) lising a common questionnaire.
Largely, there are remarkable similarities betwt#entwo countries. U.S. manufacturers are
ahead of the UK firms in computerized integratiorgre UK manufacturers reported the use
of soft technologies such as just-in-time, totalgy manufacturing and manufacturing cells.

Jharkharia and Shankar (2003) in their survey stli@dibout IT-Enablement of the
Supply Chain Management of selected Indian Indestrihey surveyed 108 Indian firms,
mostly in Northern and western part of India. Theynd that Indian Companies are moving
ahead to adopt the supply chain practices and tresia line with practices elsewhere. They
also found that firms have upgraded their intecaglabilities in terms of computer hardware,

Internet, Intranet, Extranet, ERP etc. but havenbbsss successful in utilizing their
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capabilities for external co-ordination, be it @mrhs of purchase process, design data sharing
or inventory control etc.

Thakur et al. (2007) in their survey found that wdoption of simple and less
sophisticated technology in India is high. For &argpmpanies AMT adoption is more
advantageous than small companies. Using Factolysiéiaon their survey they also
concluded that implementation of AMT in technolagithat demand extensive human
interaction in India is highest and is lowest iaheologies with heavy investments.

5.2 ELEMENTS OF AMT

The questionnaire used in Thakur et al. (2007thé most comprehensive one we

have found. We adopt major AMT’s from that questiaine. The questions from our

guestionnaire used in this chapter consigtiné major Issues with a total of 9litems (Table

5.1).
Table 5.1: Description of the Major Issues in the Qestionnaire

Q.No Major Issues No. of Items

1 Current Status and Future Status of AMT Implersgor 17

2 Level of Advanced manufacturing related inforratsharing 4

3 Main problem in Integrating supply-chain with AMT 5

4 Benefits perceived due to AMT enabled supplymrhai 17

5 Rank of the barriers in the AMT — enablementhef supply- chain 10

6 Reasons of adopting AMT-enabled supply chain 9

7 Use of AMT in different manufacturing activitie§the 8
organization

8 Weight age of factors in formulating AMT-enabkgply chain 11
strategy

9 Degree of Investments in automation tools 10
Total 91

Table 5.2 gives a list of 17 advanced technologigh a brief description.

Since benefits perceived by AMT adoption in the BypChain used in Jharkharia and
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Shankar (2003) are useful in providing insightgshe IT adoption process, we complement
our questionnaire by most of AMT benefits on tHisir.

Most items on our questionnaire are close-endell déffinitive responses. All the
guestions in the questionnaire require only appatgrcheck marks or circlesxcept some
that ask for text content. Most questions are daesigto use a five point Likert scale, for
instance, 1 represents low and 5 high. This hefpshitain comparable statistics in the data
analysis stage.

Brief description of the AMTs included in the suyvare given in following sections
5.2.1 CNC Machine Tools

In modern CNC systems, end-to-end component dasidgnghly automated using
CAD/CAM programs. The programs produce a compuleithiat is interpreted to extract the
commands needed to operate a particular machidethan loaded into the CNC machines
for production. Since any particular component rigbquire the use of a number of
different tools, drills, saws, etc., modern mackinéen combine multiple tools into a single
"cell". In other cases, a number of different maeliare used with an external controller and
human or robotic operators that move the compofrent machine to machine. In either
case, the complex series of steps needed to proalugepart is highly automated and
produces a part that closely matches the originaD Glesign. This technology is well
established and generally used as stand alone ibakidia, so it can be put under simple
AMT category (Yeung, 2003).

5.2.2 CAD/ CAPP Software
Computer-aided design (CAD) is the use of comptégehnology for the design of

objects, real or virtual. CAD often involves mohan just shapes. As in the manual drafting
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Table 5.2: Description of the Advanced Manufacturig Technologies

Technologies

DESCRIPTION

1 CNC Machine tools

CNC technology uses the output produced by CADesgstto control the machine

that manufacture the part or the product

2. Computer Aided Design
(CAD) and CAPP software

Use of computer-based software for designing amstinge new products. Use of

software for process planning.

3. PLC’S and Mechatronics
devices

Computer-aided manufacturing uses the output pemtiloy CAD systems to contr
the machines that manufacture the part or the gtodu

4. Flexible Manufacturing
Systems

Collections of computer-controlled machine tootsyviced by robots and/or automat
material handling systems and overseen by computers

ed

5 Automated material
handling devices

Use of computer-controlled equipment to handlestoce goods and materials

6. Cellular Manufacturing
System and Group

Grouping of similar parts into families for prodiget in manufacturing cells fo
greater efficiency

7. Automated data capture
technologies i.e. optical,
magnetic, smart card, machine
vision etc.

Automated Data Capture (ADC) refers to the methodsutomatically identifying
objects, collecting data about them, and enterimaf tlata directly into compute

systems (i.e. without human involvement). Techni@edypically considered as pdr

of ADC include bar codes, Radio Frequency Iderdifan (RFID), biometrics
magnetic stripes, Optical Character RecognitionRRGmart cards etc

-

8. Manufacturing Resource
Planning (MRP 1I),
/Enterprise Resource Planning

Information systems used to keep track of machiaelihg, production scheduling,

inventory control, and material handling

9.SCM software

Supply chain management software is a business wdrich refers to a range g
software tools or modules used in executing sumpigin transactions, managin

supplierrelationships and controlling associated businessgsses

=

10. EDI

Electronic Data Interchange (EDI) refers to thedired transmission of data betwe
organizations by electronic means. It is useddodfer electronic documents from o
computer system to another, i.e. from one tradargner to another trading partner.

en
ne

11. Robots

Robots with sensing capabilities: Robots programioedlter their function based gn
input from sensors more sophisticated robots; Roldthout sensing capabilities:

Robots programmed to undertake simple tasks suchickéng and placing, les
sophisticated robots

12. Rapid prototyping systems

Systems capable of producing a prototype part fftroutput of a computer-aided
design

13 AS/RS.

Automated Storage and Retrieval System (AS/RS)sefe a variety of computer
controlled methods for automatically placing analieging loads from specific storag
locations

[¢)

14. Reverse Engineering/
Reverse Tooling

Reverse engineering (RE) is the process of disaoyé¢he technological principles ¢
a device, object or system through analysis dftitscture, function and operation.

=

15. LASER oriented facilities

Lasers used for such processes as welding, cuttéaiing, scribing and marking

16. Manual/ Automated
Assembly lines

An assembly line is a manufacturing process in twigarts (usually interchangeable

parts) are added to a product in a sequential marsieg optimally planned logistic
to create a finished product much faster than héthdcrafting-type methods

17. Automated systems used
for inspection/testing

Automated systems used for inspecting/testing inegrmaterials or final products fg
inspecting products for defects, blemishes, caodentation, etc
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of technical and engineering drawings, the outgu@AD often must convey also symbolic
information such as materials, processes, dimessi@nd tolerances, according to
application-specific conventions. CAPP is a highdjfective technology for discrete
manufacturers with a significant number of produmtsl process steps. Rapid strides are
being made to develop generative planning capesiliand incorporate CAPP into a
computer-integrated manufacturing architecture. fits¢ step is the implementation of GT
or FT classification and coding. Commercially-agble software tools currently exist to
support both GT and CAPP. As a result, many congsacan achieve the benefits of GT and
CAPP with minimal cost and risk. Effective use loése tools can improve a manufacturer's
competitive advantage (Xu, and He, 2004).
5.2.3 Programmable Logic Controller(PLC) and Mechatronics Devices

A PLCs' is a digital computer used for automatmfnelectromechanical processes,
such as control of machinery on factory assemhblgsli amusement rides, or lighting fixtures.
PLCs’ are used in many industries and machinesik&rdeneral-purpose computers, the
PLC is designed for multiple inputs and output @gements, extended temperature ranges,
immunity to electrical noise, and resistance toration and impact. Programs to control
machine operation are typically stored in battesgi®d or non-volatile memory. A PLC is
an example of a real time system since output tesoulist be produced in response to input
conditions within a bounded time, otherwise unidishoperation will result.
Mechatronics is an interdisciplinary area of engimgg that combines mechanical, electrical
and computer science. A typical mechatronics sygtieks up signals from the environment,
processes them to generate output signals, tranisigrthem for example into forces,

motions and actions (Lee and Nicholls, 1999)
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5.2.4 Flexible Manufacturing SystemFMS)

FMS is a manufacturing system in which there isx@samount of flexibility that
allows the system to react in the case of changhsther predicted or unpredicted. This
flexibility is generally considered to fall into twmain categories, which both contain

numerous subcategories (Tiwari and Vidyarthi, 2000

The first category, machine flexibility, coversetBystem's ability to be changed to
produce new product types, and ability to changeottler of operations executed on a part.
The second category is called routing flexibilityhich consists of the ability to use multiple
machines to perform the same operation on a pamvedl as the system's ability to absorb
large-scale changes, such as in volume, capagaitgamability. A typical FMS consists of
organized integration of several technologies, ts@ain be put under the category of

integrated technologies.

5.2.5 Automated Material Handling Devices

The techniques employed to move, transport, seord,distribute materials, with or
without the aid of mechanical equipment The usearhputers to control the moving and
positioning of materials in a warehouse or factéwytomated handling may involve the use
of automated conveyors, elevators, AGVs and roétats(Groover, 2005).
5.2.6 CMSandGT

Cellular Manufacturing is a model for workplace ides and is an integral part of
lean manufacturing systems. The goal of lean matwiag is the minimisation of waste,
called muda to achieve maximum efficiency of resources. Gatlumanufacturing,
sometimes called cellular or cell production, ages factory floor labor into semi-

autonomous and multi-skilled teams, or work cellep manufacture complete products or
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complex components. Properly trained and implentertells are more flexible and
responsive than the traditional mass-productioe, liand can manage processes, defects,
scheduling, equipment maintenance, and other metunfiag issues more efficiently (Singh,
1993).

Group Technology (GT) is a manufacturing philospo@h which the parts having
similarities (Geometry, manufacturing process andimction) are grouped together to
achieve higher level of integration between thegieand manufacturing functions of a firm.
The aim is to reduce work-in-progress and improgkvdry performance by reducing lead
times. GT is based on a general principle that maoplems are similar and by grouping
similar problems, a single solution can be foundteet of problems, thus saving time and
effort. The group of similar parts is known as garnily and the group of machineries used
to process an individual part family is known aschae cell. The implementation of this
technology needs knowledge based thinking and idesiso this technology may put under
complex categories.

5.2.7 Automatic Identification and Data Capture(AIDC) Devices

These refer to the methods of automatically idgmg objects, collecting data about
them, and entering that data directly into compusgstems (i.e. without human
involvement). Technologies typically consideredpast of AIDC include bar codes, Radio
Frequency Identification (RFID), biometrics, madoetstripes, Optical Character
Recognition (OCR), smart cards, and voice recogmitAIDC is also commonly referred to
as “"Automatic Identification,” “Auto-1D,” and "Autmatic Data Capture.”

AIDC is the process or means of obtaining extedaa, particularly through analysis

of images, sounds or videos. To capture data,rmsdtecer is employed which converts the
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actual image or a sound into a digital file. THe fs then stored and at a later time it can be
analyzed by a computer, or compared with othes filea database to verify identity or to
provide authorization to enter a secured systemptuCiag of data can be done in various
ways; the best method depends on application (&@@005).
5.2.8 MRP/ERP

Manufacturing Resource Planning (MRP II) is definbgg APICS (American
Production and Inventory Control Societg3 a method for the effective planning of all
resources of a manufacturing company. Ideallyddresses operational planning in units,
financial planning in dollars, and has a simulateapability to answer "what-if" questions
and extension of closed-loop MRP. This is not esiglely a software function, but a
marriage of people skills, dedication to data baseuracy, and computer resources. It is a
total company management concept for using hunsosurees more productively.

Enterpriseresourceplanning (ERP) is a business management systenintiegrates
all facets of the business, including planning, ufacturing, sales, and marketing. As the
ERP methodology has become more popular, softwapécations have emerged to help
business managers implement ERP in business &gi\stich as inventory control, order
tracking, customer service, finance and human ressyAl-Mashari, 2002).
5.2.9 SCM Software

Supply chain management software (SCMS) is a bssiterm which refers to a
range of software tools or modules used in exegusimpply chain transactions, managing
supplier relationships and controlling associataditess processes. It commonly includes;
Customer requirement processing, Purchase ordeegsimg, Inventory management, Goods

receipt and Warehouse management (Shankar etGd).20
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A requirement of many SCMS often includes foraoastSuch tools often attempt to
balance the disparity between supply and demandhpsoving business processes and using
algorithms and consumption analysis to better fldmre needs. SCMS also often includes
integration technology that allows organizationstriade electronically with supply chain
partners.

5.2.10 Electronic Data InterchanggEDI)

It refers to the structured transmission of datavben organizations by electronic
means. It is used to transfer electronic documigata one computer system to another, i.e.
from one trading partner to another trading partttealso refers specifically to a family of
standards, including the X12 series. However, B8 axhibits its pre-Internet roots, and the
standards tend to focus on ASCIl (American Standawde for Information Interchange)-
formatted single messages rather than the wholeeseg of conditions and exchanges that
make up an inter-organization business processrgiaaal. 2008)

5.2.11 Robots

It is a virtual or mechanical artificial agent. practice, it is usually an electro-
mechanical machine which is guided by computerlect®nic programming, and is thus
able to do tasks on its own. Another common charatic is that by its appearance or
movements, a robot often conveys a sense thasitrftent or agency of its own (Groover,
2005).

5.2.12 Rapid Prototyping Systems

It is the automatic construction of physical objectsng additive manufacturing

technology. The first techniques for rapid protatgpbecame available in the late 1980s and

were used to produce models and prototype pardayfdhey are used for a much wider

140



range of applications and are even used to manuéaproduction-quality parts in relatively
small numbers. Some sculptors use the technologydduce complex shapes for fine arts
exhibitions (Lin and Liang 2002).

5.2.13 Automated Storage and Retrieval Syste(AS/RS)

This refers to a variety of computer-controlledtihoels for automatically placing and
retrieving loads from specific storage locationdSSare categorized into three main types:
single masted, double masted and man-aboard. Mastigported on a track and ceiling
guided at the top by guide rails or channels tauenaccurate vertical alignment, although
some are suspended from the ceiling. The 'shuttles’'make up the system travel between
fixed storage shelves to deposit or retrieve aestpd load (ranging from a single book in a
library system to a several ton pallet of goodsa iwarehouse system). As well as moving
along the ground, the shuttles are able to telescgpto the necessary height to reach the
load, and can store or retrieve loads that arerakpesitions deep in the shelving (Manzini,
et al., 2006).

5.2.14 Reverse engineerin(RE)

It is the process of discovering the technologjsahciples of a device, object or
system through analysis of its structure, functeord operation. It often involves taking
something (e.g., a mechanical device, electroniopmment, or software program) apart and
analyzing its workings in detail to be used in nb@mance or to try to make a new device or
program that does the same thing without copyinghamg from the original (Groover M.P.

2005).
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5.2.15 LASER Oriented Facilities

These are theechnologies that use a laser to process the ratehese are
typically used for industrial manufacturing apptioas. Laser facilities work by directing the
output of a high power laser, by computer, at tlgemal to be process. The material then
melts, burns, vaporizes away, or is blown away kgt @f gas leaving an edge with a high
quality surface finish. Industrial laser cutterg arsed to cut flat-sheet material as well as
structural and piping materials. Laser orientedlifaas are used in variety of ways in
advanced manufacturing technologies (Pandey €Q0)2
5.2.16 Manual/ Automated Assembly lines

An assembly line is a manufacturing process inctviparts (usually interchangeable
parts) are added to a product in a sequential mmamsiag optimally planned logistics to
create a finished product much faster than withdbeafting-type methods. The assembly
line developed by Ford Motor Company between 1908 4915 made assembly lines
famous in the following decade through the socehifications of mass production.
However, the various preconditions for the develeptrat Ford stretched far back into the
19th century, from the gradual realization of tmeasn of interchangeability, to the concept
of reinventing workflow and job descriptions usiagalytical methods. Ford was the first
company to build large factories around the condglaiss production via assembly lines is
widely considered to be the catalyst which inititatbe modern consumer culture by making
possible low unit-cost for manufactured goods (Gssdvl.P. 2005).
5.2.17 Automated Inspection and Testing

Automated inspection (Al) is an automated visuapection of a wide range of

products, such as printed circuit boards (PCBsD4Gransistors, automotive parts, lids and
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labels on product packages or agricultural prod(s¢®d corn or fruits). In case of PCB-
inspection, a camera autonomously scans the dewider test (DUT) for variety of surface
feature defects such as scratches and stains, @priits, short circuits, thinning of the
solder as well as missing components, incorrect pommants, and incorrectly placed
components. Al is a type of white box testing.stcommonly used in the manufacturing
process due to the fact that it is a non-contasttrteethod. Al is able to perform most of the
visual checks performed previously by manual opesatand far more swiftly and
accurately. Al systems are implemented at manyestégrough the manufacturing process.
They are used for inspecting parts that have lonéted known variations. For defect or flaw
detection, the Al system looks for differences framerfect part. There are systems capable
of bare board inspection, Solder Paste inspectét)( as well as inspecting the component
placement prior to reflow, the post-reflow companeonditions, and post-reflow solder
joints. These inspection devices all have some comgtributes that affect capability,
accuracy, and reliability.

Low costs and programming efforts make Al a pcattand powerful quality tool for
both prototypes and high-volume assembles. It tsnopaired with the testing provided by
boundary scan test, in-circuit test, x-ray testl &mnctional test. In many cases, smaller
circuit board designs are driving up the demandiorersus in-circuit test.

Integrated technologies are newly emerged, knowdedigsed, sophisticated,
requiring large capital and, knowledge based waoddoand may demand several
technologies to work together, thus developed tt@simay have a high degree of adoption.
Simple technologies are well established, trad#ipmequiring small/medium capital, and

can work on stand alone basis, require conventiskilbased workforce and therefore they
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may have been highly adopted in developed coun&gesvell as in developing countries.

Lastly, complex technologies could be undergoingdadoption in developing countries

currently. In following sections, we will investigaif there is any consistency between the

data from our survey and our classification (GradveP. 2005).

5.3

Classification and status of AMT

CLASSIFICATION OFADVANCED MANUFACTURING TECHNO LOGIES

AMT have been classified into three levels basetheir characteristics,

Table 5.3: Criteria and Classification of AMT in Three Categories

Simple Technologies

Complex Technologies

Integratéltechnologies

Capital Small or medium. Medium Large
Investment
History Well established. Well established / Newly | Newly emerged
emerged.
Complexity Simple or Moderate Moderate or Sophisticated. Boichted.
Interdependence] Stand alone, or based on another Technologies that depend on| May demand several

technology

different software and
knowledge based workforce.

technologies i.e. to work
together.

Technologies
belongirg to the

group

1. CNC Machine tools

3. PLC's or Mechatronics

5. Automated Material handling

10. EDI

14. Reverse Engineering / Revers
Tooling

15 LASER oriented facilities

17. Automated data capture
technologies i.e. optical,
magnetic, smart card, machine
vision etc.

2. Computer Aided Design and 4. Flexible Manufacturing

CAPP software

6. Cellular Manufacturing
system or Group technology

8. Manufacturing Resource
Planning (MRP 11), /
Enterprise Resource
Planning ERP

9. SCM software

13. AS/RS

System
17. Automated systems used f
inspection/testing
11.Robots
12 Rapid prototyping systems
16.Manual/ automated assemhbly
lines

In India simple technologies should have a higliegiree of implementation and

integrated technologies may have lowest degreshas/n in Table: 5.3, the survey data are

consistent with expectations. Simpéchnologies have average score of 2.84 in theegurv

suggesting a high degree of implementation of thesshnologies in India. These

technologies should have a high degree of impleatient in all countries including

developing countries due to relative easiness ap@oh. Complex technologies have
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average score of 2.25, suggesting a modest dedrampbementation. In developing
countries such as India, integrated technologiesda@emed to have a good but not high

indicating a low degree of implementation in Indble 5.4.

Table 5.4: Current Status of Implementation of Three AMT'’s

(On scale from 1 to 4) Simple Complex| Integrated
Mean Score 2.8¢ 2.2t 1.44

The low adoption degree of integratiethnologies 1.44 in developing countries can
be contributed to the factors such as, less knayeledased workforce, lack of capital
investment, lack of infrastructure, etc.

In order to know the degree of investment in thaufiacturing technologies enabling
supply chain. The mean of the different groupsechhologies has been taken. The group
with high mean will be the technology with high@stestment by Indian firms. Still the
investments in Simple technologies are more thherdivo. But it is quite encouraging that
the investments on complex and integrated techimesage increasing in recent years. (Table

5.5)

Table 5.5: Status of Current Investments in Three MT's

(On scale from 1 to 5) Simple Complex| Integrated
Mean Score 3.7¢ 3.3t 2.4¢

We try to identify technologies that have signifidg higher potential in the future
than their current adoption level. Table 5.6 hag fiechnologies that have a future plans
rank well above its current status rank. These Rapid Prototyping, SCM software,
Computer aided design and flexible manufacturirgiesy. It can be predicted that these four
technologies will have a higher rank among 17 AMiT future. Out of these four, two

technologies are complex technologies and two tdogies belong to integrated
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technologies, reinforcing our point of view thategrated and complex technologies will be

adopted rapidly by Indian manufacturing enterprise.

Table 5.6: AMT Current Adoption Versus Future Adoption

Technologies Rank of Current Status Rank of FuturéPlans
1. CNC Machine Tools 7 9
2. Computer Aided Design 6 3
3. PLC.s and other mechatronics devices 1 1
4. Flexible Manufacturing systems 17 15
5. Automated Material handling devices 10 7
6. Cellular Manufacturing Systems and GT 14 12
7. Automated data capture technologies 5 6
8. MRP (1) / ERP 2 2
9. SCM software 12 8
10. Electronic Data Interchanger (EDI) 9 16
11Robots 16 17
12. Rapid Prototyping 11 5
13 AS/RS 15 14
14 Reverse Engineering/ reverse Tooling 13 13
15. LASER oriented facilities 4 10
16. Manual/ automated assembly lines 8 11
17 Automated Inspection/ Testing 3 4

It should be noted that there are some technoladtjas are highly implemented
currently and will continue to be highly adoptedhe future, such as PLC and Mechatronics
devices which is ranked'In current implementation status and rank&dnlfuture adoption
plans also, and MRP (Il) / ERP which is rankdd i#2 current implementation status also
ranked 2¢in future adoption plans.

5.4  COMPARISON OF SMALL AND LARGE SIZE ORGANIZATION S

All respondents are divided into two categoriese Thmpanies with annual turnover
more than Rs 200 Crores (Approx $40 million) hawerb said to be large companies
(Jharakharia and Shankar 2002). The data of snoatipanies and large companies was
examined based on three categories of AMT’s. Wesebaal that the difference in the degree

of AMT adoption between small companies and largmmganies would increase as AMT
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moves to integrated category. Since in integratgeégory, AMT are more advanced and
complicated, require more capital, etc. Large camgsmwould have more relevant advantage
in adopting integrated AMT than small companiesr findings confirmed the expectations,

as presented in Table 5.7

Table 5.7: Mean Scores and p Values for Three Categes of AMT

Current AMT Status Future AMT Plans AMT Investment
Small Large Small Large Small Large
AMT Company | Company | P * [ Compan | Company P * [ Company | Company | P *
Mean Mean Value y Mean | Mean Value Mean Mean Value
Simple 2.35 2.60 0.09 2.00 2.28 0.02 2.65 2.63 0.1
Complex 1.33 2.02 0.11 1.65 2.45 0.12 1.61 2.67 00.
Integrated | 1 05 1.94 0.18 1.48 2.71 0.10 1.40 2.57 0.1

» P value from one tatltestof testing difference between two means.

Generally, the p value means that the mean scdeegd companies has 100*(1-p)
percent probability to be statistically large thédae mean score of small companies. For
example, p value of 0.09 for simple AMT and Curré&NIT Status suggests the 91%
probability that the mean score of large compaisiesatistically greater than the mean score
of small companies.

It has been found that p-values of complex andgmated technologies are greater
than p values of simple technologies, suggestiagy ldrge companies have more advantage
in adopting complex and integrated AMT's.

Respondents were requested to give the currensstétheir implementation on each
of 17 AMT on four point scale (4-using, 3- will losing in 6 months, 2- will be using in one
year and 1- will not use . Some of the observatadrtbeir input are as follows:

PLC/Mechatronics device has the highest degreempfementation with a mean
score of 3.60. Other technologies that have a higlgree of implementation are

Manufacturing Resource Planning/Enterprise ResouRlanning (3.35), Automated
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Inspection Technologie.33), LASER oriented facilities (3.23), Automatic Data fDare
Technologies (3.13). Computer Aided Design and CABfevare (3.06) and CNC Machine

tools (2.65) Table 5.8.

Table 5.8: Current Status of AMT Implementation

AMT Mean | Std. Dev. | Rank
CNC Machine tools 2.65 0.52 7
Computer aided design and CAPP 3.06 0.79 6
software
PLC’s or mechatronics devices 3.60 0.38 L
Flexible Manufacturing system 1.29 0.33 1y
Automated material handling devices| 2.43 0.69 9
Cellular Manufacturing System or 189 059 14
Group Technology
Automatic Data Capture Technologies 3.13 0.81 5
Enterprise Resource Planning (ERP) 3.85 0.71 2
SCM Software 2.04 0.73 12
EDI 2.38 0.79 10
Robot 1.65 0.64 16
Rapid prototyping 2.04 0.69 11
Automatic Storage and Retrieval 184 0.54 15
System
Reverse Engineering / Reverse Tooling 201 0.6p 13
LASER oriented facilities 3.23 0.82 4
Manual/ Automated assembly lines 2.57 0.771 8
Automated Inspection Technologies 3.33 0.71 3

Grand Average 2.54 0.66 --

5.5 FACTOR ANALYSIS ON CURRENT STATUS OF AMT IMPLEM ENTATION

In factor analysis, some variables can have |laygdings on several factors, making
it difficult to interpret. Hence factor rotation adten used to make each variable to have few,
ideally only one, large loadings. “Varimax” is ooemmon criterion for orthogonal rotation
which can improve loading pattern. And “promax’oise common oblique rotation criterion
which can give more satisfactory results. We hawesen “promax” rotation method in our

factor analysis. First we tried a two factors asslyand a three factors analysis for all 17

148



AMT. The loadings pattern is not clear. We werehlego assign all variables to two or
three common components. At least four factors seecessary to nicely group 17 AMT
variables. After performing a four factor analysis& can get an acceptable scheme of four
groups.

Factor 1 seems to represent “expensive” techndaodjiat require large amount of
capital investment automated assembly lines, robotapid prototyping and Flexible
Manufacturing Systems are expensive technologiessd four technologies require not only
heavy capital investment but knowledge based maapoiwo. Its maintenance and
depreciation is also a costly affair to the entegrThat's why these technologies are put
into “expensive” category.

Factor 2 may be interpreted as “Integration” te¢bgies that help in clubbing of all
entities of manufacturing for all the inputs, nexsy for production. In present
manufacturing scenario ERP, SCM software and EDtobwes integral part of
manufacturing, this is why these three have beemeae as advanced manufacturing
technologies in present study. So three AMT’'s ERBM software and EDI has interpreted
as “Integration Technologies”

Factor 3 technologies are “production” technolegidat are used directly in
manufacturing the products. Six technologies cdyretassified into the “production” factor
are Reverse Engineering / Reverse Tooling, CAD @A&P software,, CNC Machine tools
Cellular Manufacturing System or Group Technolofytomated material handling devices
such as automated conveyors, PLC’s or mechatrotnsces. These Technologies in

augmentation with traditional manufacturing proesseads the manufacturing competitive.
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Lastly, factor 4 can be interpreted aguélity’ technologies that relate to product

quality improvement. Then computer controlled maehis often required to execute these

findings. At the end, the bigger benefit is ofteat mow much material is saved, but

improved product quality because of more precisénguby LASER oriented Technologies.

Automated data capture devices dismiss any chahogstaeken identity in production and

material handling improves product quality from frerspective that quality is conformance

to customer requirement. Automate storage anceretrisystem again a foolproof system to

augment the product quality. Automated inspectiemicks are capable of searching even

minute defects in the product. Hence four “qualitg€chnologies include automated

inspection devices, automated storage and retrexsiem, automated data capture devices

and LASER oriented facilities (Table 5.9).

Table 5.9: 17 Advanced Manufacturing TechnologiesiiFour Groups

Loading:
AMT Factorl Factor : Factor « Factor : | Specific
“expensivé | “Integration” | “production’ | “quality” | Variance
16.Manual/ Automated assembly i 0.9C 0.1¢
11. Robc 0.7¢ 0.2¢
4. Flexible Manufacturing syste 0.6€ 0.5¢
12. Rapid prototypin 0.51 0.72
8. Enterprise Rewrce Planning (ER! 0.82 0.1¢
9. SCM Softwar 0.7C 0.3¢
10. ED 0.57 0.51
5. Automated material handling devi 0.87 0.22
14.Reverse Engineering / Reverse Toc 0.66 0.35
2. Computer aided design and CA 0.59 0.38
software
1. CNC Machine tool 0.53 0.47
6. Cellular Manufacturing System
Group Technology 0.46 0.58
3. PLC’s or mechatronics devit 0.2¢ 0.71
13. Automatic Storage and Retrie' 0.87 0.11
System
15.LASER oriented facilitie 0.7% 0.2%
7. Automatic Data Capture Technolog 0.6 0.4¢
17. Automated Inspection Technolog 0.5¢ 0.4¢
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In summary, four common factorsexpensivé “Integratiorf, “productiori, and
“quality’” are easy to understand and very helpful in imdipg 17 AMT. The division of 17
AMT into four groups is not perfect. For instan¢dke maximum loading of “PLC’s or
mechatronics system” is merely 0.29 whereas an Idading to classify a variable into a
factor would be greater than 0.5. Two reasons adp to explain. Generally, the more
variables (17 in this case) and the fewer factdrs (this case), the less perfect the division
will be. Further, all AMT are coming from bottom w@gpproach, not from any top down
planning. Therefore they might not be classifiet im few common groups by nature.

We reexamined mean scores given by Indian corapane surveyed, for
each of our four common factors. As a developingnty, India can’t afford expensive
technologies Table 5.10. The mean score for fact@xpensivetechnologies is the lowest.
On the other side, India is a country where sathmelogies and its manpower are now
available in plenty. Accordingly, factor 2ntegratiori technologies have a highest mean

score. The mean scores faréductiorf and “quality’ technologies are in the middle.

Table 5.10: Current Status of Four AMT Common Factaos

(On scale from 1 Factor 1 Factor 2 Factor 3 Factor 4
to 4) “expensiveé | “integration” | “production’ “quality”
Mean Score 1.68 2.44 2.30 2.09

5.6 DISCRIMINANT ANALYSIS ON BENEFITS PERCEIVED DUE TO AMT-
ENABLED SCM

We want to identify what factors out of 9 we sur@dyencourage to adoption and

implementation of AMT, See Table 5.11 for detaittda of 9 reasons for adopting AMT-

enabled Supply Chain.
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What companies should be labeled “successful” arstiecessful’? There may be
many different criteria, innovation, profitabilityparket share, contribution to society, etc.
What we are interested in is the “successfulnegsinplementing AMT enabled supply
chain management. Some existing criteria, suchinandial performance, may or may not
relate to how successfully companies adopted AMdbksd supply chain. Asking surveyed
companies to indicate their success seems a cems&dy. Asking about the reasons to adopt
AMT-enabled supply chain, the respondents dedittatereasons are to reduce throughput
time (4.04), quick response to customer needs Y3@&ality of product (3.89), want early
entry in the market (3.79) are among the top reasoradopt AMT. The Success in AMT
implementation can be dedicated to the benefitxgdeed by the companies and the
company'’s fail to perceive the enough benefitshef AMT’s are said to be unsuccessful in
AMT implementation.

Table 5.11: Reasons for Adopting AMT-enabled SupplZhain

S.N. | Item Mean* | Std. Dev. |Rank
1 Pressure of the trading partners 3.68 0.83 5
2 To reduce inventory cost 2.98 0.65 9
3 Quick response to customer needs 395 1.04 2
4 Improvement of overall efficiency 3.29 0.87 7
5 Quality and warranty of product 3.89 0.92 3
6 Want early entry in the market 3.Y9 0.95 4
7 Short product life cycle 3.2 0.83 8
8 Consolidation of market share 348 091 6
9 Reduce throughput time 404 0.75 1

In the questionnaire, 17 questions were askedtdienefits perceived after adopting
AMT enabled supply chain such as product qualitgfifability, worker safety. Answers are
based on a five point scale, 1-Much Worse, 3-Nongbaand 5-Much Better.. Hence 206

answers are usable. Each company has an averageoseo their answers to these 17 items.

152



Among 206 average scores, the mean is 3.58. WéthbBensuccessful” to companies that
have a below mean average score, and “successfaither companies. We ended up with
76 “unsuccessful” companies and 130 “successfuffianies. See Table 5.12 for detailed
data of 17 benefits perceived due to AMT-enablegp8uChain.

Table 5.12: Benefits Perceived by AMT-enabled SCM

Mean* Std. | Rank

ltems
Dev.

Increase in turnover 3.78 0.99 8
Inventory reduction 3.61 0.75 10
Order fulfillment time reduction 4.22 0.73 1
Low working capital requirement 3.23 0.77 13
Product quality 4.13 0.78 3
Reduction in manpower 3.18 0.75 14
Reduced transportation cost 2.28 0.81 17
Improved relations in the supply chain 3.65 0.89 9
Better capacity utilization 3.99 0.79 5
Responsiveness 4.08 0.77 4
Reduction in suppliers base 3.41 0.68 11
Reduced product/material acquisition cost 3.12 0.58 15
Reduction in unit cost of product/service 3.01 0.59 16
Access to world class suppliers/ service provider, 3.91 0.62 6
An edge over new entrants in the industry 3.82 0.64 7
Better customer service 4.17 1.04 2
Postponement of point of product differentiation 3.38 0.89 12

* On scale from 1 to 5Mlich Worse, 3-No Change, 5-Much Better

Table 5.12 indicates the assessment of the respoiglas per AMT characteristics.
For example, AMT enablement is characterized fghér responsiveness, better quality and
higher productivity. These factors have higher masgompared to rest of the factors. In the
same way, reduction in material acquisition costjuction in manpower, reduction in
logistics costs profitability have comparativelyver mean indicating lesser effect of AMT
adoption. AMT adoption in India is fail to reducenpower requirement, dismissed the fear

of unemployment in India. It is dedicated to redtuctin direct labor but increase in indirect
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knowledge based manpower to operate, assist andtaimithese technologies.After
dropping 76 unsuccessful companies 130 Successfiapanies remain from above analysis
found suitable for discriminant analysis to findtical reasons for AMT adoption. Basically
there are two approaches to run discriminant arsalygh too many variables. One is to
select a few variables that can reach the lowessiple error rate, the other approach is to
reduce variables to a few common components vitoffaanalysis and then use these
common components in discriminant analysis. Ningab¢ées (reasons to AMT adoption)
have been reduced to 4 common reasons. Thesedasons are used to run discriminant
analysis. It has been found the error rate of 2Ad%¢h is not a good one. So the error rate
can be minimized using as few variables as posstileombinations of four variables have
been iterated. The Lowest error rate, 5.26%, has bk@und under following four variables;
quick response to customer needs, reduce througihpeitwant early entry in the market and
quality of the product. Quality of the produist dropped from the list of four variables
reduced four variables to three variables, the &vegror rate increased to 12.74%, under
three variables; quick response to customer needsce throughput time, want early entry
in the market. Lastly using only two variables tesdierror rate of 20.17%. So, the optimum
number of variables to be used is four, with a %2éror rate, namely the discriminant
function can correctly classify 130 companies d2Qs.

We run a regression analysis on these four vasalib quick response to customer
needs, reduce throughput time, want early enttiiegnmarket and quality of the product. The
regression coefficients are given in Table 5.12 Tbefficient of reduced throughput time is
lowest, indicating a weak contribution to the AMdogtion. Quick response to the customer

needs has a strong contribution to the adoptioh\dT .
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Table 5.13: Regression Coefficient of Four Criticaleason of AMT adoption

Critical Reasons for AMT adoption Coefficient
Quick response to the customer needs 0.2205
Want early entry in the market 0.1817
To reduce throughput time 0.1149
Quality of the product 0.1367

Further desire to early entry in the market andlityuaf the product are the other critical
reasons to adopt AMT enablement of Supply Chained&lout of four critical reasons to
adopt AMT are related to reduction of lead-timalifferent stages. So it can be interpreted
as Indian Manufacturers are adopting AMT for quiekponse that dominates to cost and

quality.
5.7 CONCLUSIONS

From the present survey, it is concluded that iturkj adoption of integrated
technologies in India will be high. For large comigs AMT- enablement of supply chains
are more advantageous than small companies. UsiopiFanalysis on the present survey
data we also concluded that implementation of AMT integration and production
technologies in India is highest and is lowest Exgensive” technologies. Complex
technologies adoption has grown up in recent yaadswill play vital role in AMT enabled
supply chain. Using discriminant analysis fouricat reasons of AMT adoption have been
found these are, quick response to customer neslsse throughput time, early entry in the

market and quality of the product.
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CHAPTER 6
INFORMATION SHARING IN SCM

6.1INTRODUCTION

In supply chain management (SCM) the co-ordinatibproducts and information flows
among suppliers, manufacturers, distributors, lexmand customers is vital (Simchi-Levi et
al 2008). By appropriately sharing information beém suppliers and retailers and co-
coordinating their replenishment and productionigsiens under demand uncertainty, it is
possible to reduce costs and improve customerceelevels.

Information sharing is an important component ofomeration in supply chain
management. It can be categorized according toatipes areas such as inventory, sale,
demand forecasting, order state, and production (ilee and Whang, 1999). Looking at the
information flow direction, the inventory and pration plan related information is a two-
way communication between the downstream and wpstoFrganizations in the supply chain
(Frohlich and Westbrook, 2001). The sale infornrattmd demand forecasting information
are the flows from downstream companies to thestream partners. The order state
information is provided by upstream organizatiam$hieir downstream partners. In addition,
information sharing also includes performance ddtesuch as production quality data and
early complete date etc., and production capacdieeng the partners. The information
sharing is often supported by an electronic datgeréhanger, internet and other
communication devices between the partners (Hadddied Nichols, 1999).

Information sharing in supply chain context refedghe extent to which crucial and/or
proprietary information is available to memberdha# supply chain. Shared information can

be tactical (e.g. purchasing, operations scheduliogjstics) or strategic (e.g. long-term
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corporate objectives, marketing and customer in&tion). Prior research on the importance
of formal and informal information sharing betweeading partners has shown that effective
information sharing enhances visibility and reducesertainty (Handfield and Bechtel,
2002). It allows firms to access data across thadply chains, allowing them to collaborate
in activities such as sales, production, and lagistThe extent to which information is
shared can create opportunities for firms to waskaboratively to remove supply chain
inefficiencies, and thus has a significant dir@gpact on the relationship between buyer and
the supplier. The ability to access important infation across the supply chain can also
provide other opportunities. For example, when taltal supply chain information becomes
available, firms can take advantage of this inadassibility to modify existing actions or
plan future operations. Leet al (1996) presented an analytical model to evalubhée
benefits of information sharing and replenishmenbadination to each partner in a supply
chain. They found that:

» Sharing information alone would provide cost sasiagd inventory reduction for
the supplier, but it would not benefit the retaitench;

» combining information sharing with replenishmentardination would result in
cost savings and inventory reduction for the retaaihd the supplier;

» the underlying demand process would significantifuence the magnitude of
cost savings and inventory reductions associateéd iwformation sharing and
replenishment co-ordination.

6.2 RESEARCH AGENDA
Based on the various issues presented in thetliterathis chapter proposes a research

agenda focusing on resolving how to deploy inforamasharing in the supply chain. The
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following major research questions are analyzed:

With whom should information be shared?

* What information should be shared?

* Should information be censored?

» How the benefits of information sharing should sritbuted?

* What are the implications for organizations?

There is strong preliminary evidence that informatsharing can bring major benefits for
supply chains. Improved information and commumicatechnologies make information
sharing easy. It is timely to reconsider theseassh questions especially in an environment
dominated by globalization, increased consumer@ggien and intensified competition.

6.2.1 With whom should information be shared?

This question can be approached frafferdnt perspectives. First, how far
information should be shared both upstream and dwaem in a supply chain? And which
partners at each stage should be involved? Thessiates are related to the structure of
supply chain (D'Amours et al. 1999).

Supply chain structure is how compaaiesarranged to form a supply chain and how
all activities are linked (Lambert et al. 1997; @epet al. 1998; Lambert and Cooper 2000).
An individual company can participate in a numbésapply chains (Lambert et al. 1997,
Mentzer et al. 2001). Cooper et al. (1997) sugtpegtcompanies need to determine carefully
with which partners of supply chains they shouldclmsely integrated. Cooper et al. also
point out that level of integration depends on aasi factors including firm capabilities, the
complexity of products and corporate culture.

As information sharing is the foundatioh supply chain integration (Lee 2000),
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decisions on the level of integration are stronglyrrelated with decisions on what
information should be shared and how it shouldhzresd. Cooper et al. (1997) contend that
designing the configuration of the supply chainnist merely determining with whom
companies should integrate but also designing doempany’s activities are linked to those
of their partners and deciding what informationiddde made accessible by partners.

Research, determining with which paxria a supply chain a company should share
information is very limited. Raghunathan (2003aexnes demand information sharing in a
supply chain comprising a manufacturer serving meetgilers and analyses the optimal
number of retailers that should be involved in infation sharing. He found that the supplier
will more likely to include more sharing partnerdhem demands amongst retailers are
independent, as the value of information sharirgimgrease significantly with the increasing
number of sharing partners. This study confirmepgo et al. (1997) argument that decisions
on how many retailers should be involved in infotioa sharing depends on product
characteristics. The correlation of demand amomgttilers depends on the nature of
products, consumer segments, and geographicaldoaztpartners (Raghunathan 2003). Lee
et al. (2000) also found that benefits of informatisharing increase with the number of
retailers involved when the demand processes \@&iare correlated over time.

One approach is to consider how nstages up and down the supply chain should
company share information with. This is particlyamportant as the implementation of
information sharing is not costless (Lee and Wh&8§9) and may requires significance
changes in companies’ business operations (LeeVehdng 1999). Lau et al (2002)
examined various combinations of sharing betweagest in a supply chain comprising a

manufacturer, two distributors, and two retaileFur combinations of sharing demand and
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inventory levels were studied: no information shgrisharing demand and inventory level
between retailers and distributors only; distrilbsitand the manufacturer; and full information
sharing. Counter- intuitively, the second modeénédrmation sharing resulted in the highest
total supply chain cost compared to other modesn éliat of no information sharing. The
lowest total cost was gained in the full sharingdeoAll the firms may not be benefited from
information sharing.

The next question is which pamgnim each stage should be involved and what
factors affect that decision. Huang and Gangopayll{(2004) studied various degree of
information sharing in a four-stages supply chaimprises customers, retailers, distributors,
wholesalers, and manufactures, in which each stageprises several players. Three
scenarios are analyzed: no information sharingtighanformation sharing (only 50% of
trading partners in each channel involved); andififbrmation sharing. The simulation study
found that increasing degree of information sharegulted in decreased inventory levels at
wholesalers. The benefits are higher when demamighly variable. The study concluded
that parties obtain different benefits from infotraa sharing.

Walter et al. (1999) studied sapply chain comprising a manufacturer,
distribution centers and retailers that used thedee managed inventory (VMI) program,
where a supplier is responsible for replenishingilers’ inventory. The study found that the
manufacturer’s inventory is reduced even by loweleadoption of VMI and that even non-
VMI partners gain benefits. Contrary to the presiostudy, demand variance did not
significantly affect the benefits. Smaros et aD(3) studied a three levels supply chain in
which the manufacturer used a combination of oddga from non-VMI customers and sales

data from VMI customers in its production planninghe study showed that manufacturer

160



benefited from even a partial increase of involvetmef its partners. This study only
considered products with stable demand but includeshty one products with different
replenishment frequencies. Products with low meiplement frequency obtained more
benefits with increasing information sharing.

The above discussion demonstratesitifiatmation sharing can be beneficial in at
least some circumstances. However, the questiovhadh partners should be recruited and
recruitment criteria remain unclear. Partner g&lacin supply chains involves complex
processes ranging from strategic to operationah(ké, Min et al. 2000). Companies must
evaluate their partnering orientation which is plagtern of shared values and beliefs between
partnering companies.

Mentzer (2004) further insists thatigt not possible to include all supply chain
members. Potential partners must be identifiecedbamn their importance to companies’
competitive advantage. Shore and Venkatachalam3j2pfbposed a method to evaluate
partners’ capabilities in information sharing. Bhbis method only considers one aspect of
partner selection. Therefore, the following reskajuestions are proposed:

How far up and down should information be shared supply chain? What are the criteria
for the partner selection process? How does tlenmdtion sharing between two parties in a
supply chain affect others who do not involve? \@ikompany’s competitive positions affect
the decision on selection of partners? Or will irfation sharing change a company’'s
competitive positions amongst others who not beealved?
6.2.2 What Information should be share@

The information in a supply ahaan be classified in different ways e.g. strategi

or tactical; logistical; or pertaining to consumékéentzer 2004). Lee and Whang (2000)
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discuss various types of shared information andl gregential benefits. For example, sharing

order status can improve the quality of customerice, reduce payment cycles, and reduce
labor cost. Sharing retail sales data can mitigaebullwhip effect. Huang et al (2003) sort

information into six categories pertaining to protjyprocess, resource, inventory, order, and
planning (Table 6.1).

Table 6.1: Classification of Production Information (Huang, Lau et al.2003)

Category Product Information
Product Product structure
Process Material lead time, Lead time variancegOmansfer lead time, Process

cost, Quality, Shipment, Set-up cost

Inventory Inventory level, Holding cost, Backlogstoservice level

Resource Capacity, Capacity variance

Order Demand, Demand variance, Order batch sizer@ue date, Demand
correlation

Planning Demand forecast, Order schedule, Fordtadel, Time limits

The value of information sharing depends on séveoaditions. For example,
Simchi-Levi and Zhao’s (2003) showed that demaratisg has no significant benefits for a
manufacturer under tight capacity. Lee, So andyT@000) found that demand information
sharing has more value if demand is highly coreelaiver time, highly variable, or the lead-
time is long. The product's characteristics alséedf the value of different kinds of
information. Sharing forecasts of demand of préslubat have high demand variability
brings significant benefits (Angulo, Nachtmannle£804). The relationship between trading
partners also influences the selection of the tfpghared information. For example, sharing

production schedules with part suppliers can redhare inventories without risking stock-
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outs. Sharing shipping information with logistagents can improve customer service levels.
Information sharing arrangements are dictated bgunistances (Mentzer, Min et al. 2000).
Most of the existing studies only analyze the stgaof production information, but other
information for example, market and consumer infation can be important (Mentzer 2004).
Lee and Whang (2000) showed that sharing markewlatlge can improve promotion
planning. Sharing information and close coordoratbetween retailers and manufacturers
may facilitate developing new products. The presictudies have analyzed a number of
types of shared information (Table 6.2) howeverdhs still a critical question that needs
more investigation i.e. what information shouldsbared with supply chain partners that give
most benefits?

6.2.3 Should information be censored?

An attribute of information is its timeé#ss. Delayed transmission of information
exacerbates the effects of volatility afflictingetpstream level of a supply chain (Forrester,
1958). Chen (1999) examines the impact of delayfmirmation transmission (also called
information lead-times) between supply chain stagd®educing lags in the transfer of
information from downstream is highly beneficidBourland et al. (1996) found that timely
demand information affects suppliers’ inventory ttoh policy and that sharing demand
information daily can decrease suppliers’ expeateentory cost especially when demand
variability is high. Another attribute of informati is the level of detail or completeness of
information. If the information is transmitted eyewveek, for example, there would be a
guestion whether data should be provided on dai$ysbor aggregated per week. It is obvious
that aggregate data has different variance thdg data and this could affect the operating

decision of companies in a supply chain.
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Table 6.2: Types of Shared Information in the Liteature

Shared information References

Pertaining to demand, forecast Boone et al., (2002¢hon and Lariviere, (2000);
Raghunathan,(2003); Yu et al., (2002); Lee and Whéi999);
Simchi-Levi and Zhao, (2003).

pertaining to inventory status Cachon and Fisi280Q); Lau et al., (2002).

Warehouse, consumer related Kulp et al., (2004)
market development Huang and Gangopadhyay, (2004)
company’s future plans Xu et al, (2001)

company’s production costs Owen and Levari, (2002), Smaros et al., (2003).

technology know-how Narasimhan and Nair, (2005)

product development and futur&oh et al., (2006)
requirements

There is possibility that some companies mightwet to share their detail data with
Partners, fearing that the data could leak to tb@mpetitors. As a result, those companies
may only provide aggregated data. For exampls;, thight share demand data on category
level of products but not provide detail of sizeloc or other product attributes. On the other
hand, suppliers might need those detailed infoonaiti order to predict the various trends of
each type of product. Furthermore, providing caghpnsive data might weaken a company’s
negotiating position.

6.2.4 How the benefits should be distributed

Numerous studies analyze the value of informatibariag in a supply chain and

factors that affect the value. The overall objextof information sharing is to achieve

efficiency in the whole supply chain. Howeverjstapparent that different parties obtain
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different returns from information sharing (Tabl&)6 Ideally, all members of a supply chain
should share the benefits equally but members mithopoly power may obtain most of the
benefits. Under intense competitions, savings fieay through to customers.

Table 6.3:  The value of Information Sharing in theLiterature

Authors Benefits and allocation
Lau et al. (2002) Inventory reduction
All partners not obtain benefit
Simchi-Levi and Zhao (2003) Manufacturers gain fiene

Mitra and Chatterjee (2004) Only supplier gain benefit

Walter et.al. (1999) All parties gain benefit
Non-Sharing partners also gain benefit
Huang and Gangopadhyay (2004Not much benefit for retailer

Cachon and Fisher (2000) No significant benefit from information sharing
Yu et al. (2001) Manufacturer gain more benefit

Lee et al. (2000) Only manufacturer gain benefit

Smaros et al. (2003) Manufacturer gain benefit

Chen et al. (2000) Reduce but not eliminate the bullwhip effect
Bourland et al. (1996) Supplier gains more benefits

6.3 IMLICATIONS OF INFORMATION SHARING FOR ORGANIZATION S

Realizing the benefits of information sharing deggenn companies’ ability to utilize
shared information in their business processedp Kual. (2004) did a survey to investigate
the impact of information sharing on companiestaenance. They found that the highest
profit margin companies are not simply exchanginiprimation but they combine it with
close collaboration. Lee and Wang (2000) argutittiarmation sharing is only enabler for
achieving supply chain efficiency. Gavirneni (2D8RBowed that the benefits of information

sharing can be obtained if companies change tpeirational policy. To take full advantages
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of information sharing, some significant changesnganization need to be implemented once
information sharing in place. Companies should endoward collaboration with their
partners to achieve common goals of supply chdioierficy that is built based on high level
of trust between companies. Lee (2000) arguesdbi&iboration and coordination can be
achieved through exchanging decision rights, wamll aesources. Exchanging decision
rights, such as in a VMI program, should not besadgred merely to alleviate the bullwhip
effects or to simply shift costs and responsibilityother parties, rather it should be noted that
other parties are in the best position to accompdisch decisions. Work realignment is
redistribution of physical activities amongst memsbef supply chain and may lead to reduce
total supply chain costs. Work realignment can dydyeffective if information sharing is in
place. This work realignment needs a culturaltshiforganization to treat supply chain
partners as if they are parts of Organizations.
Mentzer (2004) further argues that people can irapedacilitate collaboration. Information
sharing will not bring significant benefits if pdepin organization still persist with past
behaviors, exemplified by functional silos thinkinbhese considerations and the potential
benefits suggest the following research questions:

* What are the barriers of implementation of inforimrasharing?

* What are the critical success factors?

« How should information sharing be implemented?

6.4 OBJECTIVES OF THE EMPIRICAL STUDY IN THE RSEARCH
This section aims to overview the strategic besedit the information sharing and to
study the kind of information sharing in SCM, thamfacturing organizations are practicing

in India. Strategic benefits accrue over an extdmqiiod of time, and capture the long-term
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benefits of information-sharing. It requires anesssnent of the direct gains arising from
collaboration, market share, conflict resolutiomdanew product introduction. Different
information that can be shared with upstream amandtream partner that has been included

in the study is as follows:

related to purchasing and sales

* pertaining to inventory status

» product development and future requirements

» sales forecasting

* market development

* company’s future plans

* company’s production costs

technology know-how

The main objectives of the study in the contexihdian organizations are as follows:

» To measure the competitive strengths of the orgaioizs.

» To measure the intensity of information sharingwsitippliers and customers.

* To explore the significant relationship between téeel of information sharing and

competitive strengths.

» To develop guidelines to share information undéedént conditions.
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6.5 METHODOLOGY

In this section, questionnaire-based survey antisstal analysis have been used to
achieve the research objectives outlined earliehapter 3 as given in Figure 3.1

6.5.1 Instrument Development

The questionnaire was tested for two main typewvabifdity: Content validity; and
Construct validity. Content validity primarily depgs on an appeal to the propriety of
content and the way it is presented (Nunally, 19T8g instrument developed in this study
demonstrates the content validity as the seledioneasurement items was based on both,
an exhaustive review of the literature and detads@luations by academicians and
practicing managers during pre-testing. The constualidity was verified by factor
analysis. All the items in the question relatedbtoriers loaded with a minimum factor
loading of 0.49. This is in agreement with Kim dvideller (1978) who suggested the use

of only those items, which have a factor loadingertban 0.40 (Table 6.4).

6.5.2 Target Industries For Survey

Four sectors of industry from manufacturing werkected for the administration of

guestionnaire. These were:

i)  Automotive Sector: automobile industry is seen as a flagship beareguently
regarded as a barometer measuring the current hwedlta nation’s economy
(Childerhouseet al, 2003). The extreme complexities and long leacsinof

automobile manufacturing make it an ideal casetferstudy of SCM.
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i)

Machinery Sector: The machinery industry is characterized by longdl¢ime in

manufacturing and product development and low I@fgbarticipation by suppliers

(Dangayach 2001).

Table 6.4: Constructs Variables, Factor Analysis ath Internal Consistency

QN Constract’ Variable luf m:‘m T Pemﬂ.lmﬁ I“ml.“ﬂ )
ading | of variance | consistency
A | Competitive Strength
1| Quality 0.661
4 | Cost effectiveness 0,804
3 | Fesponsiveness to customer needs 0.774
4 | Service level 0.805
5 | Engineering expertise 0.510 46,938 | o = 07921
6 | Product Customization 0.754 '
T | Marleet share 0.720
& | =ales and MWarketing 0.672
9 | Wanufactuning Strength 0.5281
10 | Innovativeness 0.594
11 | Labor safety 0.662
B | Information Sharing with Supplier
a | Felated to purchasing and sales 0.575
b | Inwentory status 0.619
¢ | Product developiment 0.678
d | Sales forecasting 0.757 45 163 | oo = 06583
g | Wlarket developments 0.794
f | Company's iure plans 0.700
g | Company's production costs 0,717
h | Technology lenowe-howe 0.815
| Information Sharing with Custoneer
a | Felated to purchasing 0.822
b | Inwentory status 0.729
¢ | Product developiment 0.&a06
d | Sales forecasting 0.659 57,6835 | o = 0.5540
g | hlarket developments 0.50&
f | Company's fture plans 0.490
g | Company's production costs 0.524
h | Technology lenowe-howe 0.639
1 Order tracking 0868
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iii) Machine Tools Sector ; Machine tool industry has involvement of advanced
manufacturing tools like CAD/CAM/CAE and modern rhagng processes

(Dangayach, 2006)

iv) Electrical & Electronics Sector: The Electrical and Electronics industry is
recognized as globally competitive in terms of casdl quality with shorter product
cycle. Electrical and electronics manufacturerimdia are the supplier of the
automobile, machineries and machine tools induséyd they import the various
types of components from China, Japan, Taiwan ahdrceast Asian countries.
Electrical and Electronics industry is significantifferent in terms of production

processes.

6.6 RESULT AND DISCUSSION
To remain within the scope of this chapter, theveht portion of the questionnaire
survey, which pertains to the competitive strergjtthe company and level of information
sharing with supplier and customer have been ds&tlisand presented. One sample
statistics of responses has been shown in Tablar@él%.6. The t-value has been included
in these tables. Pearson's variate two-tailed ladiwe test was conducted using SPSS
(Version 15.00) software to find correlations amahg various types of information

sharing and different performance measures of ctitiveestrength of the respondents.
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Table 6.5: Competitive Strengths of the Respondei@rganizations

mymbol Competitrre strength m g?ﬂ&ﬁi t-walue*
1 Product Quality 4151 0.71 4375
2 | Costeffectivensss | 3.85(DH | 059 | 12.36
3 Fesponsiveness to
| Customer nesds | 286 (10 | 1.10 | -1.70
4 mervice level 3.07 () 1.22 0.91
5 | Engineering and
Technological. 294 (ChH 1.28 -0.65
expertise _ _ _
f Product Custormization 342 (4 1.05 .74
7 | Market share. L ¢ D 5 T N )
& | Sales and Marketing 29509 . 0.97 | -1.00
9 | MManufacturing strength) 34603 | 0.&4 7.81
10 | Innovativeness _ 3:38( | 0.94 | Bl
11 | Labor productivity 274011 1.12 -53.20
Motes: * Bazed on one sample t- test with test walue 3.

6.6.1 Competitive Strength

Strengths parameters like quality, cost-effectigsheproduct customization and
innovativeness have high mean score as summanz&dule 6.5. This may be the results
of constant adoption of managerial practices likBM[ TPM, and JIT etc. in last decade by
Indian enterprises. The parameters like labor potdty, engineering expertise and
responsiveness to customer needs have low meas, sbat shows the below average
growth in manufacturing and related technologietngia. Human resource related issues
may also the reason behind it It can be observatitttere is maximum variation in the
engineering and technological expertise with steshdiviation of 1.22 that indicates the
significant variation in adoption of advanced teglogies by manufacturing enterprises in

India. The result for one sample t-test has beewastin the last column Table 6.5.
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Table 6.6: Information Sharing with Customer and Syplier

; ; , With supnlier With customer
mymbal | Type of information sharng Mean 12D, | tovalue | Mean | 5D | tovalue tour
& | Purchasing and sales B es| 297 | 347 TR | BRy |ER
B Invmtm}rstatus 5.83% 113 | 1055 | 305 IIIQE | D83 | T4
C Product development 308 (117 | 106 | 340% [ 111 | ] |y
D nales forecasting 276 1088 | -380 | 3.[I5.EI.93. | ol |l
E. Iufarket development 2.86* 1098 | <198 | ATZ|105 | 172 | LA
F Cnmpang.rs fiture plan 5.25* [0.93 | 304 | 3.40%|090 | 956 | 341
G Company's production coste  |3.45% 103 | 626 | 269 (098 | 446 | 750
H Technology know-how 3.34* (124 | 403 284|115 | -192 | 461
[ Crder Tracking 23 | BEL | ST

Motes: * Significantly abowve moderate level at 0.05 lEfiFE:I (Eased on one sample t-test with test value
3y, ** significant difference of 005 significance level between information sharng with supplier
and nformation sharing with customer

6.6.2 Comparison of Information Sharing with Suppier and Customer

It can be observed from Table 6.6 that informatébraring is highest with supplier
related to inventory status with mean value of 3@®wed by information related to
production costs, technology know-how and comparytare plan. It shows their main
focus on tactical and operational issues. Inforomasharing related to sales forecasting and
market development is found to be low and needsetamproved. Point of Sales (POS)
information collected and shared using advanceldnt@ogies can fill the gap in this area.
There is maximum variation in the sharing of infatian related to technology know how,
product development and future requirements. Selre@n manufacturing enterprises are
sharing this information in top priority and mamge draditionally conservative. The result
for one sample t-test are shown in the Table &.8hdws that except information sharing
related to product development with supplier ahest information sharing are found

significant above the moderate level of 0.05.
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It has been observed that information sharing witktomer related to company’s future
plan is found to be high with mean value of 3.6bfeed by information sharing related to
purchasing and sales, product development and tiaing. It shows their main focus on
projecting their best image in front of customefofmation sharing related to company’s
production cost and technology know how are fouadbé low. There is maximum
variation in the sharing of information relatedotarchasing and sales and technology know
how. Several advanced manufacturing enterprisetagng this information in top priority

and many are traditionally conservative

It can be observed that the level of informatioarsig differ for supplier and customer.
Table 6.6 shows that the information sharing wite supplier is more on the issues like
inventory status (3.83) compared to mean score3di5] with customer. Information
sharing related to production cost is more withpdiep ( 3.45) than customer (2.69),
Information sharing related to technology know-hasv more with supplier (3.34)
compared to (2.84) with customer. Information shgsvith customer is found more in the
issues like purchasing & sales with the mean sobB47 compared to 3.13 with supplier.
Information sharing related to product developmamd future requirement is found more
with customer with a score 3.40 compared to 3.08h wupplier. Information sharing
related to product customization is found to be enweith customer 3.60 compare to 3.25

with supplier.

The last column of Table 6.6 shows the result afddasample t-test between the
information sharing with supplier and customer. #dlues of the dsr are found to be
significant above the 0.05 level. The Negative galshow that information has more

shared with customer than suppliers. Such typesfofmation in decreasing magnitude of
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Tpst are company’s future plan, purchasing and saledgssforecasting, product

development and market development. The positpgg Juggest the information has been
much shared by supplier such information in deéngamagnitude are inventory status,
production cost and technology know how.

6.6.3 Information Sharing with Supplier and Competitiveness

The Pearson correlation coefficient is used to kltlee correlation of each set of paired
dimensions. Pearson's bi-variate two-tailed cotimiaest was conducted for this purpose.
The correlation coefficients between competitiveersgth of the enterprise and level of

information sharing with supplier are presented@able 6.7.

It can be observed from Table 6.7 that the coielatoefficients of the following
paired dimensions are greater than 0.4 for the faatwring enterprises under study, these
are: information sharing with supplier related torghasing and sales with cost
effectiveness (0.41) and innovativeness (0.4).rin&dion sharing with supplier related to
inventory status with cost effectiveness (0.44jodmation sharing with supplier related to
product development and future requirement withdpod quality (0.47), engineering &
technology expertise (0.42) and Sales and markgd6). Information sharing with
supplier related to sales forecasting with prodyetlity (0.46). Information sharing with
supplier related to technology know-how with prodgaality (0.51), responsiveness to

customer needs (0.42).
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Table 6.7: Pearson Correlation between InformatiorSharing with Supplier

and Competitive Strength of the Organization

Information sharing with supplier to

Competitive | Puchasing | Tnvetory | Product Sl Market Tk | Peoduten: | oomaloes
Strength wisaes | st | Divebmst | Fowsning: | Torikrment | Pl Cost i
Product Cuality 0.19% 0.13 047 0.4 0,23 nzr 006 0.51%*
Cost Effectivenes  0.41%*| 0444 03 036 013 011 010 0,300
Respomstvenessty ol pagsl s 0.10 013 011 001 0
custormet heeds
DemvIGe level 0.14 oos | 015 0374+ 0.10 0.07 003 033
Engincering 013 D17 04gaw 005 0.47%% R BN e L [ gk
Expertise
Froduct # sk sk
e 0.17 0.03 0.3 0.03 0.10 0.08 0.04 037
Mlatket share 0.14 0.13 033 0.21% 032 naeel o7 034
ISEJES and D20 o7 0 gt 0.06 011 0ige 007 0.10
arketing
Dlarmfactiing i i o)
Sk 0.08 0.04 011 0.3 0.14 0.10 0-01 033
Trmovativensss i 0.2 0.08 0.10 nis«| 012 [ 2
Labor Produstivit{ ~ 026%¢ 008 0.31%* 0.12 0015+ oz o7 037

* Correlation is significant at the 0.05 lewel (2-tailed).
** Correlation iz significant at the 0.01 lewel (2-tailed).

The pairs have been presented in Figure 6.1 wittelation significant at the 0.01 level

and more than 0.3. Information sharing with suppiéated to technology know how made

maximum nine pair followed by product developmandl future requirements with seven

pair and purchasing and sales with 3 pairs. Thiggrimation sharing related to technology

know how has wide impact on competitive strengththe enterprises. Similarly several

types of information sharing is required to achiegst effectiveness and engineering

expertise

175




A
2
B 3
C 4
5
D
[
E
F
b
G 9
10
H
11
Symbol | Type of Information sharing Symbol | Competitive Strength
A Purchase and sales 1 Product quality
B Inventory status 2 Cost effectiveness
C Product development 3 Responsiveness to
customer needs
D Sales and forecasting 4 Service level
E Market development 5 Engineering expertise
F Future plan 6 Product customization
G Production cost 7 Market share
H Technology know how 8 Sales and Marketing
9 Manufacturing strength
10 Innovativeness
11 Labor productivity

Figure 6.1: Significant Relations between Informaibn Sharing with Supplier and
Competitive Strength
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Table 6.8: Pearson Correlation between InformatiorSharing with Customer

and Competitive Strength of the Organization

Information sharing with customer related to

Competitive Purchasé¢ Inventory)  Product rL Sales Market | Company’§ Company’dy Technolog] Order

Strength and sales  status | development forecasting developmen future plang production| know-howl tracking

costs
Product Quality| 0.18* 0.09 0.42** 0.11* 0.32** 0.10 0.07 0.37** ®0
gf?jétiveness 0.34%  |0.22%* 0.32% 0.35% 0.19* 0.09 0.25%* 0.31*  0.26%*
Responsiveness
to customer 0.37** 0.06 0.40** 0.16* 0.16* 0.12* 0.13* 0.42** 33**
needs
Service level 0.17* 0.17 0.19* 0.39* 0.09 0.17* 0.12 0.17* 0.24**
Engineering
Technological 0.13 0.11 0.36** 0.13 .039** 0.21** 0.26** 0.38* Qa5*
Expertise
gmd”“. . [0.30%* 0.03 0.32% 0.08 0.01 0.13 0.13 0.37** 0.03
ustomization
Market Share 0.12 0.14* 0.34** 0.13* 0.29** 0.29** 0.14* 0.32** |0.25**
Sales and 0.35%  |0.34** 0.15* 0.31** 0.22%* 0.32%* 0.29%* 0.2  .32%
Marketing
g"a“”fa"tu”“g 0.12 | 0.16* 0.21%* 0.02 0.05 0.13* 0.24* 0.26% | 06t
trength

Innovativeness | 0.14* 0.13* 0.27** 0.06 0..26** 0.19** 0.15 0.33** 0.13
Labor 0.02 0.07 0.26%* 0.12 0.11 0.24% 0.15 0.25% |  0.13*
Productivity ’ ’ ’ ) ) ’ ) ’ ’

Information sharing related to technology know hswiound to be the most important

attribute as an impact on competitive strengthoiscerned. Strengths like product quality,

cost effectiveness, responsiveness to customer sneeagineering & technological

expertise, product customization and market shaeeaffected by information sharing

related to technology know how with both suppliend customer. Such information

sharing with supplier found to be related with sgth like service level, manufacturing

strength and labor productivity. Such results sugpMohr and Spekman (1994) who
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points out, trust commitment, information sharingint planning and joint problem

resolution, all serve to better align supplier'pestations, goals and competitive strength.

The impact of information sharing with suppliernmich wider than information with
customer. There are nine pairs of correlation ¢ciefit more than 0.4 in Table 6.7 related
to information sharing with supplier as compared thoee in Table 6.8 related to
information sharing with customers. It slightly ¢@dicts the result obtained by (Yu et al.,
2001). According to them if the retailer sharesoinfation with the manufacturer in
addition to placing orders, the retailer will nditain any benefits, while the manufacturer
is able to reduce inventory levels. However, if thetailer outsourcers inventory
replenishment to the manufacturer, both the retaihel the manufacturer benefit through
lower inventory costs. On both information-sharlagels, the manufacturer obtains more

benefits than the retailer.

Information sharing related to product developmant future requirement is also
found to be precious with supplier and customembd@trengths like engineering &
technology expertise, product customization, cdécteveness, market share, product
quality are found to be related with this infornoatisharing with customer and supplier
both. Further if share with supplier it also affectales and marketing and labor

productivity and share with customer then it afeitie responsiveness to customer needs.
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A 1
2
E
3
L
4
I
5
i &
- 7
s
)
9
H
10
I 11
Symbol | Type of Information sharing Symbol | Competitive Strength
A Purchase and sales 1 Product quality
B Inventory status 2 Cost effectiveness
C Product development 3 Responsiveness to customer needs
D Sales and forecasting 4 Service level
E Market development 5 Engineering expertise
F Future plan 6 Product customization
G Production cost 7 Market share
H Technology know how 8 Sales and Marketing
I Order Tracking 9 Manufacturing strength
10 Innovativeness
11 Labor productivity

Figure 6.2: Significant Correlation between Informaion Sharing with
Customer and Competitive Strength
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6.6.4 Information sharing with customer and competiveness:

Table 6.8 represents the correlation coefficiemd tne following paired dimensions
have the value greater than 0.4 for the manufagjuenterprises under study, these are:
information sharing with customer related to prdddevelopment with product quality
(0.42) and responsiveness to customer needs (hf@¥mation sharing with customer
related to technology know how with responsivertessustomer needs (0.42). The pairs
have been shown with correlation coefficient mdmant 0.3. Information sharing with
customer related to technology know-how has maxinaight pair followed by product
development and future requirements with six paid @urchasing and sales with four
pairs. Information sharing with customer relate@tder tracking, and market development
has two pair each. Thus information sharing relatetechnology know how wide impact
has on competitive strengths of the enterprisemt&kimpacts of information sharing with

customer on particular competitive strength cardbatified using Figure 6.2.

Figure 6.2 shows that information sharing aboutdpob development and technology
know how are very important as they influence tlegé number of attributes of
competitive strength. Similarly to improve costeefiveness and sales & marketing several
types of information sharing is essential.Saledasting information sharing is found to be
useful at both end and related to cost effectiven€kis supports the (Mishra et,&001)
according to them forecast Information-sharingasywaluable to the retailer if variance in
demand data is high, the retailer's forecast israccurate than the manufacturer's, and the
correlation between forecasts is low. On the ottagrd, demand information-sharing is not
that beneficial if demand variance is high while tvailable information relative to the

uncertainty in the demand supply network is smadl thus the cost reduction is not that
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effective (Gavirneni et al., 1999; Li et al., 200Eprecast information-sharing is especially
beneficial in industries where demand is more dyonaand customer taste changes
frequently. The manufacturer obtains a larger rédodn inventory levels and costs when
demand variability is high and highly correlateceotime (Lee et al 2000). If the supplier

is able to use the customer's demand informatisnp@posed to the customer's order
information, one stage of information distortion eééminated and the demand is less
variable than in the “no information-sharing” ca4eé et al., 2001). Compared to other
information-sharing levels, demand information-gigrcan make it possible to reduce
costs by up to 35 percent (Gavirneni et al., 199%9) decrease inventory levels by 53

percent (Li et a] 2001), or, as Lee et.gdR000) have calculated by up to 40 percent.

The information sharing related to order trackinghwcustomer is correlated to
responsiveness to customer need and sales andtmgrkeCachon and Fisher, 2000) also
stated that order information-sharing leads to alnegually good results as inventory-level

information-sharing if orders are placed frequeptipugh and demand is stationary

Information sharing related to purchasing & salethbwith supplier and customer is
found to have good correlation with cost-effectiess) responsiveness to customer needs
Information sharing related to production cost wihstomer hasn’t found any strong
correlation with any of competitive strength buthfs information is shared with supplier

then it has correlation with engineering & techryyl@xpertise.

Information sharing related to Market developmend @ompany's future plan with

supplier have the correlation with engineering &teological expertise and market share.
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Such information if share with customer then agestn engineering and technology

expertise they also affects the product quality sadds & marketing.

6.7 CONCLUSION

This study provides an empirical support to theeaesh objective revealing a positive
significant correlation between various types ofoimation sharing and competitive
strengths. This study strengthens the result obZktaal. (2002) that information-sharing
influences supply chain performance in terms daltobst and service level. Similarly, Li et
al. (2002) demonstrate higher level of informationrsigis associated with lower total
cost and shorter order cycle time. However, it #hobe noted that while sharing
information is crucial, its impact on the perforrnarof a supply chain depends on what
type of information is shared, how it is sharedd amth whom. Thus managers and
executives need to give serious thought to adquiliay of information sharing their way
to SCM implementation and to enhance the particalampetitive strengths of the

enterprise.
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CHAPTER 7
PERFORMANCE MEASUREMENT SYSTEM IN SCM

7.1INTRODUCTION

For any business enterprise it is important to raveffective performance measurement
system, which has strategic implications for anympany. ldentifying the required
performance measures on most of the criteria isngisg and it should be an integral part of
any business strategy. Owing to the changes bralghit by the new realities and demands
of the marketplace, manufacturing performance nreasent is becoming an illusive
multifaceted construct. In this context, manufaciyexecutives not only have to understand
the different facets of manufacturing performanuoat, they also must be able to design a
manufacturing performance measurement system (R&&ble of measuring these different
facets. In practice, this is rather a difficultkdsr which the manufacturing executives are
left with many questions and very few practicalvaais (Gomes et al. 2006).

Although there is an ever-increasing amount ofrditere addressing theories and
practices of supply chain management, the exigigrformance measurement methods falil
to provide significant assistance in supply chagvedopment and an effective method is
lacking (Chan & Qi, 2002). Many methods and techag have been suggested over the
years for SCM evaluation. Traditional methods focaus well-known financial measures,
such as the return on investment (ROI), net pregaloe (NPV), the internal rate of return
(IRR), and the payback period. These methods astesbéed to measure the value of simple
SCM applications. Unfortunately, evaluation methtits rely on financial measures are not

well suited for newer generation of SCM applicasiorThese complex supply chains
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typically seek to provide a wide range of benefitgluding many that are intangible in
nature (Gunasekaran et al., 2001).

The selection of appropriate performance measiwes supply chain is a crucial
issue. Many researchers have expressed their opabiout the design and the measures to be
used in such a system. Neely et al. (1995) hawgoatred the large number of performance
measures into four categories. These categoriaglmquality, time, flexibility and cost. The
adoption of performance indicators should deal wiith following questions (Beamon and
ware, 1998; Beamon, 1999): which aspects shouldnbasured? How to measure these
aspects? How to use the measure to analyze, immogecontrol the productive chain
guality? How and when to reevaluate these measures?

7.1.1 Research Agenda

Understanding the significance of effective perfante measurement system and to
answer the questions of last paragraph, it is inapoto know the status and readiness of the
effective performance measurement system in Ind@enufacturing enterprises. The
objective of the study is to focus on the currerdcpces of performance measurement
indicators in Indian manufacturing enterprises.cHmally, this study focuses on the nature
and scope of measures executives tend to use andteibe relevant in their evaluation of
supply chain performance. To achieve this objectawvesample of Indian manufacturing
enterprises is used to study the value of diffeqggrformance measure on the basis of
frequency of utilization (FoU), predictive usageluea (PUV) and Ease of Measurement

(EoM) for selected 43 performance measurement &bolis.
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7.1.2 Characteristics of Performance Measures

The performance measurement literature highliglshes relevant characteristics of

performance measures as summarized below (Gona¢2@06):

It should be based on organizational objectivasical success factors, and customer
needs and monitoring both financial and non-finahaspects (Manoochehri, 1999);
Financial and non-financial measures should benatigand used within a strategic
framework (McNair and Mosconi, 1987; Drucker, 1990)

It should reflect relevant non-financial informatio based on key success factors of
each organization (Clarke, 1995);

It should stimulate the continuous improvement psses (Kaplan and Norton, 1992 ;
Flapper et al., 1996; Neely et al., 1997; Medod &teeple, 2000);

It should be implemented as means of articulatitgatesgy and monitoring
organization results (Grady, 1991);

It should be clearly defined, and have a very exppurpose (Flapper et al., 1996;
Neely et al., 1997);

It can be change dynamically with the strategy (Bdmi, 1993);

It should be easy to understand and to use (KapldriNorton, 1996);

It should meet the needs of specific situationgelevant manufacturing operations,
and should be long-term oriented, as well as simplenderstand and implement
(Santori and Anderson, 1987);

It should make a link to the reward systems (Tsatrgg., 1999); and

It should allow a fast and rigorous response tongka in the organizational

environment (Bititici et al., 1997; Medori and Stées 2000).
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7.2 PERFORMANE METRICS AND THEIR MEASUREMENT IN SCM

According to Chan (2003), performance measuremeascribes the feedback or
information on activities with respect to meetingsiomer expectations and strategic
objectives. It reflects the need for improvementaneas with unsatisfactory performance.
Thus efficiency and quality can be improved. Instlgection, an attempt is made to
summarize some of the most appropriate performaratacs and measures of SCM
7.2.1 Metrics for Performance Evaluation of Plannd Order Procedures

For any firm, the first activity to begin with is fprocure orders. It is clear that the
way the orders are generated and scheduled detsrifie performance of the downstream
activities and inventory levels. Hence, the fitsfpsin assessing performance is to analyze the
way the order-related activities are carried owt.dd this, the most important issues — such
as the order entry method, order lead-time andpdité of order traverse — need to be
considered.
7.2.1.1 The Order Entry Method

The order entry method determines the way and steneto which the customer
specifications/requirements are converted intoulseformation, and are passed down along
the supply chain. According to Mason-Jones and Tqd97), such information connects
all levels of supply chain and affects the schedybf all activities. Proper control of the
order is possible, provided that the order entrythoe@ is capable of providing timely,
accurate and usable data at various entry levels$, hence, can be used as a metric of

performance measure.
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7.2.1.2 Order Lead-Time

The total order cycle time, which is called “ordead time”, refers to the time, which
elapses between the receipt of the customer’s addrthe delivery of the goods. This
includes the following time elements:

Total order cycle time = Order entry time (throdglecast/direct order from the customer) +
Order planning time (Design + Communication + Schied time) + Order sourcing,
assembly and follow up time + Finished goods dejivene.

A reduction in the order cycle time leads to a cddu in the supply chain response
time (Gunasekaran et al., 2001). This is an impbrtaeasure as well as major source of
competitive advantage (Bower and Hout, 1988; Chpiser, 1992). According to Towill
(2997), it directly influences the customer satiitan level. Equally important is the
reliability and consistency of the lead-time. Besmmof bottlenecks, inefficient processes and
fluctuations in the volume of orders handled, theié be variations in activity completion
times. The overall effect of this may lead to astabtial reduction in delivery reliability and
customer service level. To deal with these, fomepla, the concept of “manufacturing cell”
can be applied, in which well integrated actiores @erformed in parallel by cross functional
teams to effectively decrease the order lead-tinteraduce the redundancies (Schonberger,
1990).
7.2.1.3 The Customer Order Path

The path that order traverse is another importagdsure whereby the time spent in
different routes and non-value adding activities ba identified, and suitable steps can be
taken to eliminate those (Gunasekaran et al., 200d) example, by tracing through the

order path, the delays in the paperwork, time cowgl while the product sits in the
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warehouse, time spent in checking and recheckimgbeaidentified and eliminated using
methods such as JIT, reengineering, and informagcmnology (e.g. e-commerce, electronic
data interchange (EDI) and Internet.
7.2.2  Supply Chain Partnership and related Metrics

Buyer—supplier partnership has gained a tremendousunt of attention from

industries and researchers, resulting in a stetrdgira of literature promoting it (e.g. Ellram,

1991; Fisher, 1997; Graham et al., 1994; Gunaseketral., 2001; Landeros et. all995;

Maloni and Benton, 1997; McBeth and Ferguson, 19%mas and Griffin, 1996; Toni et
al., 1994; and Towill, 1997). Most of these studséess the partnership for better supply
chain operations. Accordingly, an efficient andeetive performance evaluation of buyer
and/or suppliers is not just enough; the exteravtnership that exists between them needs
to be evaluated and improved, as well. The parasétat measure the level of partnership
are summarized in Table 7.1

Table 7.1 Partnership Evaluation Parameters ingpI$Chain (Gunasekaran et al, 2001)

Partnership evaluation criteria References

Toni et al. (1994), Mason-Jones
and Towill (1997)
Buyer—vendor cost saving initiatives Thomas andfi@Gr{1996)
5;(;?; of mutual co-operation leading to mprovecbraham et al. (1994)

The entity and stage at which supplier is involvedToni et al. (1994)

Ef)f(é?tr]s:[ of mutual assistance in problem solving Maloni and Bentor(1997)

Level and degree of information sharing

7.2.3 Measuring Customer Service and Satisfaction
This measurement is aimed to integrate the custepecification in design, set the
dimensions of quality and the feedback for the m@ngrocess. They contain product/service

flexibility, customer query time, and post-transactservice
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7.2.3.1 Flexibility

Being flexible refers to making available the prowservices to meet the individual
demand of customers. Toyota is using FMS and liegmsinciples to provide a high level of
responsiveness to customer needs. (Bower and H888; Stewart, 1995) presents a list of
practices that world-class companies employ to awgrflexibility. His analysis reveals a
strong correlation of supply chain response ting féexibility.
7.2.3.2 The Customer Query Time

The customer query time refers to the time it tékes firm to respond to a customer
inquiry with the required information. On severatasions, a customer enquires or needs to
be informed about the status of an order, and thengial problems on stock availability or
delivery. Providing such information genuinely relthe customers to schedule their
activities, and helps the firm to retain them astemers. Thus, providing online information
is an important element of customer service, amdntbe evaluated for improving the same.
To measure customer service, questions "what areeponse times", and "what procedures
exist to inform customers" should be considered.
7.2.3.3 Post Transaction Measures of Customer &mrv

The function of a supply chain simply does not éydproviding the goods to the
customer. The post transaction activities play mpartant role both as part of customer
service, and for valuable feedback for further ioy@ments in the supply chain. For
example, timely availability of spares helps comparo provide better customer service,

and to trace the problems arising from warrantintdathen making improvements on them.
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7.2.4 Production Level Measures and Metrics

As an important part of SCM, the performance of pheduction process also needs
to be measured, managed, improved, and suitablecmétr it should be established. This
category consists of range of product and servicagsacity utilization, and effectiveness of
scheduling techniques.
7.2.4.1 Range of Products and Services

According to Mapes, New, and Szwejczewski (199 €pm@mpany that manufactures a
wide range of products is likely to introduce nexedqucts at a slower rate than companies
with a narrow product range. Based on a statisacalysis of “UK Best Factory Awards
Database”, these authors show that plants that fmetove a wide range of products are
likely to perform poorly on added-value per emplyespeed and delivery reliability.
Furthermore, a company with an extensive productf@m less frequently breeds new
products of innovation. This indicates the impatt“product range” on supply chain
performance, and so, it needs to be measured. dime snalysis can be applicable for
services, as well.

According to Fisher (1997), the selection of righpply chain strategy depends upon
the nature of product variety and innovation. Tdi& implies that the range of products and
services acts as an important strategic metric, lagdce, it should be considered in
performance evaluation.
7.2.4.2 Capacity Utilization

According to Wild (1995): “All the operations plang takes place within the

framework set by capacity decisions.”

190



From the above statement, the role of “capacitydetermining the level of all supply chain
activities is clear. This highlights the importammemeasuring and controlling the capacity
utilization. According to Slack, Chambers, Harlakhdrrison, and Johnston (1995), capacity
utilization directly affects the speed of respotseustomers’ demand. Hence, by measuring
capacity, gains in flexibility, lead-time and dediability will be achieved.
7.2.4.3 Effectiveness of Scheduling Techniques

Scheduling refers to the time or date at whichvéas are to be undertaken. Such
fixing determines the manner in which the resouft®s through an operating system. The
effectiveness of this has a significant impact dw tperformance of supply chain
(Gunasekaran et al., 2001). For example, schedbksgd on JIT has tremendous influence
on inventory levels. Similarly, computer generasethedules based on systems like MRP,
and more recently ERP, provide a detailed and atewill of materials. These impact the
effectiveness of purchasing, throughput time anidhbaize. However, the applications of
such systems should not be limited to schedulinghop floor activities and comparing their
performance with others. In the case of supplyrhasince scheduling depends heavily on
customer demand and supplier performance, the gthgdools/methods should also be
viewed from that context. Based on these, it candmeluded that measuring and improving
effectiveness of scheduling techniques will impréive performance of a supply chain.
7.2.5 Performance Evaluation of Delivery Link

These measures are designed to evaluate the parfoenof delivery and distribution
cost in supply chain. The typical measures forvéeli performance evaluation are lead-time
reduction in the delivery process, on-time delivédglivery-to-request date, delivery-to-

commit date and order fill lead-time), distributionode, the delivery channel, vehicle
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scheduling, and warehouse location, the percembgeods in transit, quality of information
exchanged during delivery, number of faultless siatgoiced, flexibility of delivery systems
to meet particular customer needs (Gelders €t @94; Novich, 1990; Stewart, 1995).
7.2.5.1 Measures for Delivery Performance Evaluati

In any typical delivery distribution mode, the deliy channel, vehicle scheduling,
and warehouse location play an important role iivelsy performance (Gunasekaran et al.,
2001). An increase in delivery performance is passiby selecting suitable channel,
scheduling and location policies. A survey conddddy Gelders et al. (1994) in Belgium
shows that tremendous opportunities exist to impitke supply chain performance based on
lead-time reduction in the delivery process. Wianheeded, according to Gelders et al.
(1994), is an understanding of the link betweenivdey channels and organizational
operating schedules.

Another aspect of delivery performance evaluatisrthe percentage of goods in
transit. A higher percentage signifies low invegitaurns, leading to unnecessary increase in
tied up capital. Various factors that can be afted to this are vehicle speed, driver
reliability, frequency of delivery, and the locati@f depots. An increased effectiveness in
these areas may well lead to a decrease in inyelgeels under consideration.

Like other activities, delivery heavily relies ohet quality of information exchanged. For
example, once the activities are scheduled, cootimumonitoring is possible based both on
information derived and information supplied acrti®s channels of distribution. Thus, the
qguality and the way the information is presentetkegine the delivery performance to a
large extent, which, therefore, can be used to wreasmnd improve performance

(Gunasekaran et al., 2004).
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Moreover, the following aspects of delivery alstia® customer satisfaction:
— Number of faultless notes invoiced: An invoiceowh the delivery date, time and the
condition under which goods are received. By coingathese with the previous agreement,
it can be determined whether a perfect delivery takien place or not. Also, the areas of
discrepancy can be identified so that improvementielivery performance can be made.
— Flexibility of delivery systems to meet partiautaistomer needs: Nowadays, the delivery
systems are becoming more flexible towards custareeds. By being flexible, a delivery
system can positively influence the decision oftaoners to place orders, and hence, this can
be regarded as a metric for winning and retainiagt@mers. According to Novich (1990),
customers can be grouped into different segmerdgedban their needs. Thus, they can be
grouped critically based on their economic profitaband flexibility.
7.2.6  Supply Chain Finance and Logistics Cost

Determining the total logistics cost can assesdittaancial performance of a supply
chain. It is necessary to decide on a broad leVedtrategies and techniques that would
contribute to the smooth flow of information andterals in the supply chain environment.
They are used to assess the financial performainsepply chain, such as assets cost, return
on investment, and total inventory cost.
7.2.6.1 Cost associated with Assets and Returhnmestment

Supply chain assets include accounts receivabét,pbroperty and equipment and
inventories (Stewart, 1995). With increasing inflatand decreased liquidity, pressure is on
firms to make the assets sweat, i.e. improve tbdumtivity of their capital. In this regard, it
is essential to determine how the costs associaiéid each asset, combined with its

turnover, affects the “total cash flow time”. Acdorg to Stewart (1995), this can be
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measured as the average number of days requinesfdrening the cash invested in assets
into the cash collected from a customer.

Once the total cash flow time is determined, it ceedily be combined with profit with the
objective of providing an insight into the raterefurn on investment (ROI). This determines
the performance that the top management can acloavéhe total capital invested in
business. As a corollary to this, the logistics agement policies have a significant impact
on ROL.

For example, superior customer service leads taduga sales and an increased
profit, and subsequently, a higher ROI. Likewis¢heo areas of organization can be
explored. By measuring ROI and the impact of thggslics policies on it, significant insights
can be gained about the financial health of thelyughain.
7.2.6.2 Total Inventory Cost

In a supply chain, inventories range from raw maler subassemblies and
assemblies to finished products, as well as invegoheld up in transit. What was
traditionally perceived as a buffer in productiencope with uncertainties actually emerged
to be one of the reasons for the increase in lisael{Slack et al., 1995). As customer service
requirements constantly increase, effective managerof inventory in a supply chain
becomes increasingly critical and important. Heriices essential that costs associated with
inventory should be evaluated, and proper trade-ofith suitable performance measures,
should be implemented.

In a supply chain, the total costs associated tighinventory (Christopher, 1992;
Dobler and Burt, 1996; Lee and Billington, 1992 v{e1997; Slack et al., 1995; Stewart,

1995) consist of the following:
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» Opportunity cost consisting of warehousing, camnd storage,

* Cost associated with inventory as incoming steekl, work in progress,

* Service costs, consisting of costs associatel stiick management and insurance,
* Cost held up as finished goods in transit,

* Risk costs, consisting of costs associated wifarpge, deterioration, damage.

» Cost associated with scrap and rework.

» Cost associated with shortage of inventory actingror lost sales/lost production.

In dealing with these costs, consideration sholdd be given to part/material size. A
low cost part may have large size, and consequeatlarge space requirement. Also, in
deciding which cost should be tackled first, Paratalysis can be used to prioritize the
options. In addition, proper trade-offs should lmmsidered in dealing with inventory at
various levels in a supply chain. An excellent dsston on this, based on pitfalls and
opportunities, is provided by Lee and Billingtor®9R). In particular, they point out that the
cost of reworking stored components due to engingechanges and the risk of
obsolescence could inflate the inventory holdingtedy 40%. Clearly, not considering such
factors may lead to inappropriate choices.

In dealing with inventory in transit, a trade-off meeded because changing the mode
of transportation can significantly affect inverntanvestment and service performance. A
faster and more expensive shipping mode may samggénn inventory investment to justify
increase in shipping cost, but if inventory costtes are appropriately chosen. According to
Levy (1997), care must also be taken for longedH@ae due to longer distance as it

increases the “volatility” of inventories, resuljinn either too high or too low inventory
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levels. This, in turn, can lead to higher admimaiste costs being incurred, and can be the
cause of costs due to lost sales.

Another factor that needs to be measured and déhltregarding inventory is the
accuracy of forecasting techniques. According teh& (1997), supply chain in many
industries suffers from inventory, owing to theiability to predict demand. A new demand
forecasting system that takes sales data fromilalistr’'s computer and combines with on-
hand inventory could serve as a technique to déddd this problem. Harrington (1996)
shows that using such techniques, Microsoft haa bbée to keep production schedules open
until one week, and make what the market will atcep

Therefore, measuring inventory at supply, produmtaistribution and scrap levels as
well as accuracy of forecasting techniques, canigeoan insight into the cost performance

and reduce the lead-time in a supply chain.

7.3 PERFORMANCE EVALUATION FRAMEWORK FOR SCM

Complex supply chains typically seek to provideide range of benefits, including
many that are intangible in nature. There is, hawes greater need to study the measures
and metrics in the context of following reasons r{@ekaran et al., 2001):

() Lack of a balanced approach. Financial measuvdsich are required for
examination by external stakeholders, are genevedlly developed. However, operational
measures are typically ad hoc and lack formal sirec(Hudson et al., 2001). Many firms
have realized the importance of financial and noaffcial performance measures. However,
they failed to understand them in a balanced framnkwAccording to Kaplan and Norton

(1992), while some managers and researchers hawemated on financial measures of
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performance, others have concentrated on operatioeasures. Such equality does not lead
to metrics that can present a clear picture obtiganizational performance. As suggested by
Maskell (1991), for a balanced approach, compastiesild bear in mind that, while financial
performance measurements are important for statigiisions and external reporting, day-
to-day control of manufacturing and distributioneagtion is better handled with non-
financial measures.

Table 7.2: A List of Key SCM Performance Metrics (@nasekaran et al., 2001)

Level Performance metrics References

Total cash flow time Stewart (1995)

Rate of return on investment (Christopher, 1992yBr0and Burt,
1996)

Flexibility to meet particular (Bower and Hout, 1988;

customer needs Christopher, 1992)

Strategic | Delivery lead time (Rushton and Oxley991) and

(Christopher, 1992)

Total cycle time (Christopher, 1992) and (Stewart,
1995)

Buyer—supplier partnership level Toni et al. (1994)

Customer query time Mason-Jones and Towill (1997)

Extent of co-operation to improve | Graham et al. (1994)

quality

Tactical Total transportation cost Rushton and Oxley (1991)

Truthfulness of demand (Fisher, 1997) and (Harrington,

predictability/ forecasting methods| 1996)

Product development cycle time Bower and Hout (1988

Manufacturing cost Wild (1995)

Capacity utilization Stewart (1995)

) Information carrying cost (Levy, 1997) and (Lee and
Operational Billington, 1992)

Inventory carrying cost (Stewart, 1995) and (Dolaled
Burt, 1996); Slack et al. (1998);
Pyke and Cohe(il994)

(1) Lack of understanding on deciding on the numbgmetrics to be used. Quite often,
companies have a large number of performance mesmdarwhich they keep on adding
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based on suggestions of employees and consultamdsfail to realize that performance
measurements can be better addressed using ag@adetrics.

(1N Lack of clear distinction between metrics sitategic, tactical, and operational
levels. Metrics that are used in performance measent influence the decisions to be made
at strategic, tactical, and operational levelsngs classification based on these three levels,
each metric can be assigned to a level where itduoeimost appropriate.

Therefore, it is clear that for effective managamef supply chain, measurement
goals must consider the overall scenario and thteéaado be used. These should represent a

balanced approach and should be classified aegtcatactical, and operational levels.

This being the background, Gunasekaran et al. (2@0istrated the above discussed
performance measures and metrics of the SCM wiih dfea framework that gives cohesive
picture to address what needs to be measure. &heeWork developed is shown in Table
7.3.

Table 7.3: The Four Perspectives in a Balanced Saward (Kaplan & Norton, 1992)

Customer perspective (value-adding Financial perspective (shareholders’
view) view)

Mission: to achieve our vision by Mission: to succeed financially, by
delivering value to our customer delivering value to our shareholders

Learning and growth perspective (future
view)

Mission: to achieve our vision, by
sustaining innovation and change
capabilities, through continuous
improvement and preparation for future
challenges

Internal perspective (process-based
view)

Mission: to promote efficiency and
effectiveness in our business processes
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7.4 BALANCE SCORECARD FOR SCM EVALUATION

SCM captures the notion of organization and coatithm of activities from
procurement of raw materials to the final customer.

The BSC for SCM framework presented here is stratifusimilar to the BSC framework at
the corporate management level as proposed by Kapld Norton (1992). Gunasekaran et
al. (2001) identified supply chain metrics and megd a framework for SCM performance
evaluation. Here, in this section, the BSC is auplio these metrics with the intent to
evaluate SCM performance comprehensively. Fourppetves of the BSC are applied to
these discussed metrics are shown in Table 7.8 another words the different metrics are
fitted into four different perspectives of BSC dsown in Table 7.4. Each of the four
perspectives should be translated into correspgndietrics and measures that reflect
strategic goals and objectives. The perspectivesldibe reviewed periodically and updated
as necessary. The measures included in the givéh $®8uld be tracked and traced over
time, and integrated explicitly into the strate§ICM process.

7.4.1 Measuring and Evaluating Customer Perspecta/

How do customers see the business: the BSC denthatithe management must
translate their general mission statement on custaservice into specific measures that
reflect the factors that really matter to the costes? Customers generally, concern to lead-
time, quality of products and services, company&fgrmance service and the cost
effectiveness. But on long term basis and more mapdy in the era of globalization any

firm’s competitiveness lies on different customelated factors are shown in Table 7.4.
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Table 7.4: Performance Metrics Related to DifferenPerspective of BSC

Four perspectives of

Performance measure variable related td

performance measures Symbol different perspective
Al On time delivery
A2 After-sales service
A3 Increase in customer base
A4 Retention of old customers
A Customer Service related 22 ErOdUCt customization
etter product quality
A7 Ease in tracking customer order
A8 Increase in market share
A9 Online receipt of order
A10 Order fill rate
B11l Cost per unit of product
B12 Net profit per unit of sales
B13 Turnover
. . B14 Return of investment (ROI)
B Financial related B15 Economic value added
B16 Working capital required
B17 Logistics costs
B18 Revenue earned per employee
C19 Inventory turnover ratio
C20 Assets utilization
Cc21 Throughput time
C22 Purchase lead-time
C23 Manufacturing lead-time
C24 Outsourcing
. C25 Operating costs
C Internal Business related C26 Reduced waste
c27 Plant productivity
C28 Just in time environment
C29 Reduction in number of breakdown
C30 Stabilized master schedule
C31 Accuracy of documentation
C32 Cash in cash time
D33 Low new product development tii
D34 Employee turnove
D35 Employees’ skill and trainir
D36 Manpower requireme
D37 Improved relations within organizati
D Innovation and others D38 Improved relations outside the organiza
D3¢ Responsivene
D4C Forecasting accura
D41 Few schedule change in supply cl
D42 Total supply chain inventory contr
D43 Suppliers sharing the forecasting proc
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7.4.2 Measuring and Evaluating Financial Metrics

Financial performance measures indicate whether togpany’s strategy,
implementation and execution are effectively cdmitting to the bottom line improvement of
a firm. Financial goals include achieving profiti#lgj maintaining liquidity and solvency
both short term as well as long term, growth iresalirnover and maximizing wealth of
shareholders. Financial performance indicators sirewn in Table 7.4. In simplicity,
financial goals are to survive, succeed and prospervival is measured by cash flow,
success by growth in sales and operating incomepeogperity by increased market share
and return on equity and capital employed.
7.4.3 Measuring and Evaluating Internal Business €&'spective

What must business excel at: the internal measiareshe BSC stems from the
business process that have the greatest impaactsianger’'s satisfaction factors that affect
cycle time, quality, skill of the employees, andcolrse, productivity. Firms should decide
what processes and competencies they must exaabagpecify measures for each of them.
Performance metrics for the internal business getsge are shown in Table 7.4.
7.4.4 Measuring and Evaluating Innovation and Leaning Perspective

Can we continue to improve and create value: apemyis ability to innovate,
improve and learn lies directly to company’s valueflovation and continuous learning
process can bring about efficiency in operating @ionof the business. Moreover, it ensures
cost reduction and product differentiation to mébet varied requirements of the customers.
As a result, it strengthens the financial abilltyough earning higher profitability and greater
degree of appropriation of profit and retaininggkr share of earnings to finance the

forthcoming expansion of future projects of the pamy under consideration. Performance
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metrics for the innovation and learning perspectiva BSC includes measures as shown in
Table 7.4.
7.5 INSTRUMENT OF THE RESEARCH

Forty three performance measures as presentedilite 7.4 are selected for the
survey under four broad categories, this includestamer service related measures
symbolized as A, financial performance measursgmbolized as B, internal business
measures symbolized as C, innovation and othdonpesince measures symbolized as D.
Out of forty three measures ten measures comesruAdand symbolized as Al,

A2....... Al10, eight measures comes under B and symdmblias B11, B12........ B18,

comes under the category D and symbolized as D33..D...... D43. (Table 7.4)
Respondents are asked to rate the different peafocen measures in terms of frequency of
use (FoU), perceived use value (PUV) and ease asarement (EoM) on the Likert scale.

On the Likert scale, 1 stands for very low and 5very high.

The questionnaire was tested for two main typesatitlity: Content validity; and Construct
validity. Content validity primarily depends on appeal to the propriety of content and the
way it is presented (Nunally, 1978). The instrumeeneloped in this study demonstrates the
content validity as the selection of measurememstwas based on both, an exhaustive review
of the literature and detailed evaluations by asad@ns and practicing managers during pre-
testing. The construct validity was verified by ttacanalysis. All the items in the question
related to barriers loaded with a minimum factaadimg of 0.49. This is in agreement with
Kim and Mueller (1978) who suggested the use ofy dhbse items, which have a factor

loading more than 0.40 Table 7.5.
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Table 7.5: Factor Analysis of Performance Measures

Svmbol Performance measure variable | Factor | Percentage | Internal
y (FoU, PUV and EoM) loading | of variance | consistency
Al On time delivery 0.752
A2 After-sales service 0.626
A3 Increase in customer base 0.884
A4 Retention of old customers 0.805
A5 Product customization 0.580 51.324 a = 0.8551
A6 Better product quality 0.784
A7 Ease in tracking customer order 0.76(0
A8 Increase in market share 0.678
A9 Online receipt of order 0.678
A10 Order fill rate 0.518
B11l Cost per unit of product 0.575
B12 Net profit per unit of sales 0.619
B13 Turnover 0.678
B14 Return of investment (ROI) 0.757 49485 | o = 0.7453
B15 Economic value added 0.796
B16 Working capital required 0.700
B17 Logistics costs 0,717
B18 Revenue earned per employee 0.815
C19 Inventory turnover ratio 0.735
C20 Return on assets (ROA) 0.645
cza1 Throughput time 0.708
C22 Purchase lead-time 0.608
Cc23 Manufacturing lead-time 0.528
Cc24 Outsourcing 0.560
C25 Operating costs 0.568 59.834 a = 0.7929
C26 Reduced waste 0.719
c27 Plant productivity 0.810
C28 Just in time environment 0.645
C29 Reduction in number of breakdown 0.596
C30 Stabilized master schedule 0.497
C31 Accuracy of documentation 0.562
C32 Cash in cash time 0.538
C33 Low new product development time 0.620
D34 Employee turnove 0.782
D35 Employees’ skill and trainir 0.538
D36 Manpower requireme 0.682
D37 Improved relations within organizati 0.598
D38 Improved relations outside the organizatipn 0.729 54.290 a = 0.7058
D39 Responsivene 0.836
D40 Forecasting accuracy 0.649
D41 Few schedule change in supply chain 0.628
D42 Total supply chain inventory control 0.583
D43 Suppliers sharing the forecasting procesg 5.64

203




7.6. DATA ANALYSIS

In the first phase, five clusters were made onbiigs of the mean scores to evaluate
the responses. The frequency that executives assdcivith the use of each of the 43
performance measures, executives' perceived usalge YUVs, and regarding the ease of
measurement for these measures were examined.

The second phase of the data analysis utilized iplailtregressions. The linear
relationship tested is based on the variables dmduin the research instrument, where the
frequency of use of the performance measures (Fod$sumed to be a function of its PUV
and of the ease of measurement (EoM).

Thus, the model tested is Equation 1 The lineactfan to be estimated is: Equation 2
where FoUi, the mean frequency of use score orntlihmeasure; PUVi , the mean PUV score
on the ith measure; EoMi , the mean ease of memsumtescore on th&'imeasure and; ethe
variable that represents the residugl; @, e, a, the linear parameters.

The observation unit used for this model is theraye of the responses of all
executives for each measure. The use of regressialyses in this manner is consistent with
Gomes et al. (2006). After analyzing the data tofyéhe assumptions relevant to this model,
it was used to evaluate the profile of the manufd@cy enterprise in relation to the relative use
of financial and non-financial measures.

The third phase of the data analysis utilized gagdyais to gain a better understanding
of the relative importance of the non-financial swas. The differences between the PUV and
the ease of measurement (EoM) 43 measures wereniledel. Then, these differences were
multiplied by their PUVs, as given in (EquationtBg differences between the PUV and ease

of measurement were multiplied by their PUVs toviite scores that reflect the relative
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importance of the PUV for the measure utilizatiGogter and Gupta, 1994). Thus, the larger
the gap indicator is, the greater the disparityveen the usefulness of the measure and its ease
in measurement.

Finally on the basis of gap indicator four clustéras been made to obtain the

distinction between different measures. The eqoatissed in the data analysis are given as

follows

Fou = f(PUV,EOM) . 1
FoU = &+a4PUV, +& EOMj+g¢ . 2
GAP; = (PUV; - EOMy) 3
FoU = & +a&PUV;, +& EoM; + a3 OEM; +@ ... 4
FoU = & +a&PUV;, +& EoM; +aToP, +¢ ... 5
FoU = g +&PUV +m EOM+e ... 6
FoU =-0.375+0.73PUV +0.390CEoM ... 7
GAP = (PUV-EOM) 8
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7.7. RESULTS

7.7.1 Mean Score Results

The results of the mean score for each measurén@rbasis of frequency of use,
perceived use value and ease of measurement axe smd ables 7.6 — 7.8. The first column
in these tables represents the cluster numbersgbend column designates the measure, the
third column represents the symbol, the fourth ffitill columns report the mean and standard
deviation and the last column reports the coefficief variation. The results in Table 7.6
present the frequency of use of the different messus interesting. The first cluster,
representing the most used measures, it contaiee financial measures and two customer
service related measure and. The remaining finhnogasures appear in the second cluster
(five measures). Two observations stand out in $eofithe utilization of the measures of the

financial category.

The first observation relates to that all financreasures got place in top two clusters.
It shows the superiority of the relative traditigrfanancial measures in terms of application in
Indian manufacturing enterprises. The second observ relates to the measure B13
(Turnover), which is positioned in the top of thiestf cluster. Such position is perhaps
understood, given the manufacturing organizatianscerns for the amount of business done

by their enterprise.

Analyzing the other measures included in the nugstd two clusters reveals that A
category (customer service related measures) ledittissix measures, followed by the C
category (Internal business measures) with two areasthe D category (innovation and other

measure) with one measures.
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Table 7.6: Cluster based on the Mean Value for Fragency of Utilization (FoU)

: Coefficient
Cluster Performance measure variable Symbol Mean| SD | 7. o
I Turnover B13 4.79| 0.58 0.15
Net profit per unit sales B12 452 0.89 0.22
Return on investment (ROI) B14 445 1.10 0.29
Better product quality A6 448 0.75 0.19
On time Delivery Al 422 1.05 0.25
Il Return on assets (ROA) C20 4,10 0.98 0.22
Retention of old Customer A4 4.08 1.0( 0.28
Increase in market share A8 4.04 1.04 0.31
Cost per unit of product B11 3.89 1.23 0.35
Increase in customer base A3 3/85 1.20 0.25
Logistic costs B17 3.79 1.15 0.32
Low employee turnover D34 3.718 1.29 0.31
Working capital required B16 3.73 1.46 0.42
Operating costs C25 3.8 1.09 0.30
Economic value added (EVA) B15 3.65 1.17 0.28
Product customization A5 3.60 1.16 0.24
Revenue earn per employee B18 3|60 1.17 0.24
Il Responsiveness D39 3.58 1.36 0.36
Manufacturing lead time C23 3.6 1.45 0.42
Ease in tracking customer order A7 3565 141 0.40
Order fill rate Plant productivity A10 3.52 1.25 .20
Plant productivity c27 3.50 1.10 0.26
Cash-in-cash time C32 3.48 1.34 0.33
Reduced waste C26 3.46 1.26 0.36
Online receipt of order A9 3.3 1.19 0.31
Reduction in Throughput time c21 3.36 1.30 0.30
Just in time environment C28 3.25 1.4 0.49
Employee skill and training D35 3.25 1.26 0.35
After sales service A2 3.2 1.19 0.30
Inventory turnover ratio C19 3.11 1.28 0.35
Improved relation outside of the organization D38 3.09| 1.32 0.42
[\ Total supply chain inventory control D42 3.02 17. 052
Reduction in no. of breakdown C29 29 125 0.59
Stabilizing in master schedule C30 288 1.22 0.44
Low New product development time D33 285 1.5p 00.6
Manpower requirement D36 2.39 1.13 0.29
\% Forecasting accuracy D40 2.37 142 0.68
Purchase lead time C22 235 1.28 0.57
Qutsourcing C24 2.3| 1.40 0.72
Improved relation within the organization D37 2.21.28 0.48
Accuracy of documentation C31 2.09 1.20 0.23
Supplier sharing the forecasting process D43 2.085 0.60
Few schedule changes in supply chain D41 1.86 1,01 0.50
Note; Cluster were predefined to 5 to provide as@gy with the scale used on the questionnaire

207



Table 7.7: Cluster based on the Mean Value for Peetved Usage Value (PUV)

. Coefficient
Cluster Performance measure variable | Category | Mean  SD| &7 - .~
I Turnover B13 4.58 0.64 0.17
Return on investment (ROI) B14 4.48 0.92 0.23
Better product quality A6 4.40 1.05 0.24
Net profit per unit sales B12 4.22 0.99 0.22
On time Delivery Al 4.21 0.90 0.19
Return on assets (ROA) C20 4.12 1.18 0.25
Il Increase in market share A8 4.06 1.20 0.28
Retention of old Customer A4 3.90 1.14 0.31
Responsiveness D39 3.80 1.46 0.36
Increase in customer base A3 3.78 1.28 0.29
Economic value added (EVA) B15 3.7Q 1.27 0.32
Low employee turnover D34 3.68 1.39 0.34
Cost per unit of product B11 3.64 1.35 0.39
Cash-in-cash time C32 3.62 1.24 0.38
Reduction in operating cost C25 3.5 1.40 0.40
1] Revenue earn per employee B18 3.5b 1.27 0.35
Product customization A5 3.52 1.24 0.34
Logistic costs B17 3.50 1.25 0.32
Ease in tracking customer order A7 3.49 1.47 0.43
Just in time environment C28 3.45 1.4Y 0.49
Plant productivity c27 3.44 1.16 0.35
Order fill rate Plant productivity Al10 3.42 1.23 .36
Manufacturing lead time C23 3.40 1.42 0.42
Reduced waste C26 3.40 1.36 0.36
Online receipt of order A9 3.36 1.13 0.30
Working capital required B16 3.35 1.26 0.42
Employee skill and training D35 3.30 1.14 0.35
Reduction in throughput time c21 3.26 1.22 0.35
After sales service A2 3.25 1.29 0.30
Total supply chain inventory control D42 3.2( 1.37 052
Inventory turnover ratio C19 3.20 1.28 0.35
Improved relation outside of the organization D38 | 3.14 1.34 0.42
v Stabilizing in master schedule C30 2.94 1.38 40.4
Reduction in no. of breakdown C29 2.9( 1.28 0.59
Low New product development time D33 2.7% 1.5p 00.6
Purchase lead time C22 2.60 1.36 0.48
\% Forecasting accuracy D40 2.47 1.49 0.68
Qutsourcing C24 2.41 1.25 0.62
Manpower requirement D36 2.35 1.06 0.49
Supplier sharing the forecasting process D43 2.29.15 0.65
Accuracy of documentation C31 2.19 1.19 0.33
Improved relation within the organization D37 2.151.33 0.38
Few schedule changes in supply chain D41 2.08 0,89 0.48
Note; Cluster were predefined to 5 to provide aal@yy with the scale used on the questionnaire
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Table 7.8: Cluster based on the mean value for Eagé Measurement EoM)

Cluster Performance measure variable Category Mean SD Coefficien
of variation
I Turnover B13 4.78 0.58 0.11
Return on investment (ROI) B14 4.59 0.89 0.20
Logistic costs B17 4.25 1.05 0.25
Cost per unit of product B11 4.20 0.98 0.22
Il Net profit per unit sales B12 4.05 1.10 0.29
Increase in market share A8 3.94 1.04 0.31
Increase in customer base A3 3.91 1.20 0.25
Retention of old Customer A4 3.84 1.0( 0.28
Low employee turnover D34 3.78 1.29 0.31
Better product quality A6 3.73 0.75 0.19
Return on assets (ROA) C20 3.7( 1.28 0.35
Reduction in operating cost C25 3.7( 1.30 0.30
Revenue earn per employee B18 3.69 1.17 0.24
Economic value added (EVA) B15 3.65 1.17 0.28
Product customization A5 3.65 1.16 0.24
On time Delivery Al 3.63 1.15 0.32
Working capital required B16 3.60 1.41 0.40
Il Plant productivity c27 3.56 1.10 0.26
Order fill rate Plant productivity A10 3.56 1.25 .20
Manufacturing lead time C23 3.51 1.45 0.42
Ease in tracking customer order A7 3.46 1.26 0.36
Online receipt of order A9 3.45 1.19 0.31
Cash-in-cash time C32 3.38 1.34 0.33
Reduced waste C26 3.34 1.46 0.42
Reduction in no. of breakdown C29 3.2% 1.2p 0.35
Reduction in throughput time c21 3.24 1.24 0.35
After sales service A2 3.20 1.19 0.30
Employee skill and training D35 3.20 1.28 0.35
Responsiveness D39 3.15 1.36 0.36
Just in time environment C28 3.10 1.4Y 0.49
Improved relation outside of the organization D38 | 3.04 1.32 0.42
Total supply chain inventory control D42 2.98 2.2 0.44
[\ Inventory turnover ratio C19 2.90 1.25 0.59
Low New product development time D33 2.71 1.5p 00.6
Total supply chain inventory control C30 2.61 1.1y 0.52
Improved relation within the organization D37 2.491.29 0.51
Forecasting accuracy D40 2.44 1.39 0.68
Manpower requirement D36 2.45 1.37 0.52
V Outsourcing C24 2.35 1.13 0.29
Accuracy of documentation C31 2.23 1.20 0.23
Purchase lead time C22 2.2( 1.28 0.57
Supplier sharing the forecasting process D43 2.12.15 0.60
Few schedule changes in supply chain D41 1.77 0,91 0.50
Note; Cluster were predefined to 5 to provide aal@yy with the scale used on the questionnaire
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Indian manufacturing enterprises are facing sbfhpetition with Chinese product, as a
result most of Indian enterprises start using custorelated performance measures more
frequently to retain their market. D34 (low empmeyturnover) emerges as an important
performance measure and that is only innovationsonean these clusters. Top management is

often using this data to evaluate their human nesopolicies.

Based on the results in Table 7.6, cluster 5 wincludes the least used measures
consists of five measures from category D (inn@ratand other measure), three measures
from C category (Internal business measure), ke surprising that innovative measures
related to supply chain issues are among the lesest performance indicators among Indian
enterprises, this confirms the (Sahay et. al 2008y highlighted various reasons why Indian
enterprises are yet to conceive supply chain managestrategies. In category C the measures
like purchase lead time; outsourcing and accuraagyocumentation are finding their place in

bottom cluster.

The results of the performance measurement staisesdbon the executive’s perceived
use value (PUV) of each of the 43 measures are rshiowable 7.7. In this table, the first
cluster has the same measures as in the case foétjuency of use with the augmentation of
one measure from category C (C20 Assets utilizatilinis interesting to see three financial
measures are absent from top two clusters. It aescthat financials measures fail to show the
complete domination in terms of perceive uses v@RldV). Customer related measures are

given due importance in terms of perceptual vapéndian manufacturing executives.

The results related to ease of measurement (Eod/3laywn in Table 7.8 As expected,

the first cluster includes all the measures fromfihancial category, and none from the non-
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financial category. The second cluster include® mreasures from non-financial categories;
many of them are customer related performance messli has been noticed that in second
cluster innovative measure is finding the placeictvis D34 low employee turnover, shows
that concern of top management towards this pedoo® measure in Indian manufacturing
enterprise. Most of performance measure below tbdian are internal business measures or
innovative measures; shows that still there is latkeffective performance measurement
system to evaluate innovative and supply chairtedlaneasures. Most of the measures from C

and D category were found to have the low PUV &edaw frequency of utilization.

Table 7.9 shows the average of responses for edelgary, as well as the ranking of
these values for the three variables (FoU, PUVEmId). Based on the results in Table 7.9 the
measures of the financial category are in firsc@léor all three values. Though customer
service related measures scores very close tocimarelated measures in terms of PUV but
behind in EoM and PUV in total.. Thus, the frequerse of financial measures in the
evaluation of manufacturing performance may not diibuted only to the fact that
information on these measures are the most readéifable, but also due to the high PUVs of
these measures. The relative similar ranking oh bedU and PUV appears to indicate that
executives are using the measures which they per¢eihave high PUVs. Table 7.10 shows
the average value of each cluster in three difteveays of measurement i.e FoU, PUV and

EoM.
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Table 7.9 Ranking of Performance Measure Categories

Measures Mean of Rank | Mean of| Rank | Mean of| Rank
FoU PUV EoM

B Financial 4.063 1 3.877 1 4.101 1

A Customer service 3.805 2 3.729 2 3.634 2

C Internal business 3.145 3 3.182 3 3.076 3

D Innovation and other 2.765 4 2.833 4 2.745 4

Table 7.10 Mean of the Clusters

Clusters Mean of FoU| Mean of PUV Mean of EoM
I 4.482 4.335 4.455
T 3.832 3.74 3.742
M 3.38 3.366 3.275
vV 2.912 2.990 2.603
Vv 2.205 2.271 2.144

7.7.2 Regression Analysis Results

As shown in Chapter 3, 39.3 % of the organizatismyeyed in this study are OEM
and rests are supplier to OEM. Thus, the questfomhether the views of the executives of
OEM tend to be different than the view of suppt@OEM worthy of investigation. The model
below is used to address this question: Equatibmtiis model, which was defined earlier in
the methodology section, OMi is the binary varialleich assumes the value of 1, if an
executive represents a OEM organization and theevaf O otherwise. The regression results

related to testing this model are shown in Tahld 7.

Based on the results in Table 5.11, thevRlue indicates that the model explained 93.8
percent of the variations in the dependent variffiptgjuency of use). However, the coefficient

of the variable OEM is not statistically signifi¢aa=0.05). Therefore, it is concluded that no
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significant differences exist between OEM organaa and their counterparts representing

supplier to OEM organizations with respect to teefgrmance measures studied.

Table 7.11  OEM Regression Results
R R? Adjusted R | Std. error of
0.972 Unstandard 0.938 0.936 the estimate
variable coefficients Standardized | 0.1570 Sig.
B Std. error Coefficientp
t

Constant -1.048 0.099 -7,348 0.000

PUV 0.635 0.044 0.452 11.759 0.000

EoM 0.436 0.021 0.394 9.067 0.000

OM -0.036 0.028 -0.004 -0.058 0.834

Table 7.12  Performance Trend Regression Results
R R Adjusted R | Std. error of
0.968 0.930 0.928 the estimate
variable Unstandard Standardized | 0.1120 Sig.
coefficients Coefficientp
B Std. error t

Constant -1.105 0.118 -10,186 0.000
PUV 0.778 0.056 0.566 14.742 0.001
EoM 0.605 0.037 0.284 12.006 0.000
ToP 0.017 0.028 0.007 0.284 0.455

The executives were also requested to providenmdtion regarding their organizations
last three years profit trends. Using the providdédrmation, we calculated the indicator for
each organization: Equation 5.In this model, TaPthe binary variable which assumes the
value of 1, if an executive represents a manufauenterprise with 10 % or more increase in

profit during the last three years, and the valu@ otherwise. The regression results related to

testing this model are shown in Table 7.12.
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Table 7.13  Regression Results

R R? Adjusted R Std. error of
0.995 Unstandarg 0.990 0.989 the estimate
variable coefficients Standardized 0.07382 Sig.
B Std. error Coefficientp
t
Constant -0.375 .061 -6.163 .000
PUV 0.731 .040 .655 18.467 .000
EoM 0.390 .038 .365 10.279 .000

Based on the results in Table 7.12, tRevRlue indicates that the model explained 92.8
percent of the variations in the dependent varifdbdgjuency of use). However, the coefficient
of the variable ToP is not statistically signifitgn=0.05). Therefore, it is concluded that no
significant differences exist between executivesn@nufacturing organizations with high

growth in profit and low growth in profit with reept to the performance measures studied.

Table 7.14 Residuals Errors with More Deviation fran the Estimated Profile

Measure Symbol Standardized residual
Significant positive residual ( more use)
Working capital required B16 3.541582
Better product quality A6 1.880697
Improved relation within the organization D37 1.486
Increase in market share A8 1.358203
Significant positive residual ( less use)
Cost per unit of product B11 -1.87985
Reduction in no. of breakdown C29 -1.57872
Cash-in-cash time C32 -1.53686
Just in time environment C28 -1.48812
Economic value added (EVA) B15 -1.4495

Based on the results of above two analyses, ibbas decided to abandon the above
two models in favor of the general model initiglisoposed in the methodology section. Thus,
the linear function to be estimated is: Equatiorh@ observation unit used in this model is the

average of the responses of the executives survieyedach measure. After verifying the
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assumptions relevant for linear regression, we asst&pwise procedure to select variables to

include in the model. This procedure resulted aititlusion of the two independent variables.

The regression results shown in Table 7.13 indieakégh R -value of 99.0 percent.
Thus, revealing that 99 percent of the total valitgbn the frequency of use measure has been
explained by the PUV and EoM. The estimated regyessoefficients were found to be
significant ¢=0.01). This helps in establishing the relationgbiipsented in Equation 7. Table
7.14 shows the measures with maximum residualsr8uch measurdémve more deviation in

their observed value of FoU from the estimatedifgafs given in Equation 7.
7.7.3 Cluster Analysis Results

To better understand how manufacturing executivéigainon-financial measures, the
relationship between the PUV and the EoM scoresémh of the 43 measures is examined
using the Equation 8. As was mentioned earliehéndata analysis, the larger the gap indicator
is, the greater will be the disparity between thefulness of the measure and its measurement

from the perspective of the executives.

Thus, the measures can be divided in four clsstiére first and second clusters include
the measures with relatively larger and smalleitpesvalue of GAP indicators respectively.
Third and fourth clusters include the measures vatatively smaller and larger negative value
of GAP indicator respectively. Different clustense ahown in Figure 2. It can be observed
from Figure 2 that there are nine, fifteen, eleaed eight measures (with their GAP indicator
value in bracket) occupying the place in clustéo IV respectively. The measure with high
FoU are finding the place in the top of the clustbile the measures with low FoU are placed

in the bottom of each cluster.
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The first cluster has majority of customer relate@asures and internal business

measures those are difficult to measures but hggbepved use value. The executives need to

develop an effective information system with aalgatechnologies so that their measurement

can become conducive. It will possibly help thenbéomore comfortable with significant non

financial measures, in their use, demonstration @edentation in front of top management,

workers and customer. The success of the applicaifothe measures like better product

quality (A6) depends upon the right anticipationl amerpretation of the executive.

m<——=—WwWQTT

GAP

m<——H>»o0omZ

CLUSTER 1 (9)

CLUSTER 1l (15) B14( 1.926)
B15 (0.18) A6 (2.94)
A7 (0.10) C32§6) A4(1.186) Al(2.44)
C26 (0.20) C20(1.730)
C21 (0.06) 39(2.47)
A2 (0.16) €(0.96) C28(1.20)
D35 (0.33)
D38 (0.31) C30(1.102)
D42 (0.70)
D33 (0.11) C22(1.040)
C24 (0.14)
D40 (0.02)
D43 (0.18)
D41 (0.64)
CLUSTER Il (12) B13 (-0.91CLUSTER 1V(8)
£8.49) B12 (-1156
D34 (-0.368) A8 (0.57)
C25(-0.42) B18.49) ' B11 (-2.03)
A5 (- 0.45)A10 (-0.47) B17(-2.62
C27 (-0.41) B16 (-0.83)
C23(-0.37)
A9(-0.30)
C29(:01)
D36 (-0.23)
C31(0.08) D37(-0.73)
LOW HIGH —»

Figure 7.1: Cluster Analysis based on GAP IndicatoNalue
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In the top of the second cluster it may be obsetliedneasures economic value added
(B15), Cash in cash time (C32), reduced waste (@2@)ease in tracking of customer order
(A7) these are comparatively easy to measure ajidfFoU and PUV. In the bottom there exist
several innovative measures, on which Indian exezuieed to be focus. These measures have
strategic importance and should be used more frelyuén long term interest of Indian

manufacturing enterprises.

The third cluster includes the measures like emgaayrnover (D34), revenue earn per
employee (B18), order fill rate (A10), product amsization (A5) etc. that shows the relative
ease in measurement. It can be noticed that indhister only two innovative measures
making their presence. This number has been furgced in fourth cluster. This clearly
indicates that in Indian manufacturing enterpridese is dearth of an effective measurement
system for innovative measures like, total supgigic inventory control (D42), improved
relationships within and outside of the organizat{®37, D38) that need to be develop in

order to be conceive the SCM practices.

As expected the fourth cluster is dedicated torfoel measures because of their high
EoM and FoU. Such traditional measures are extrneimgbortant to acknowledge the sound
health of the enterprise. These are the fundamemtalsures and have been given maximum
importance by Indian manufacturing executives. ifbernal business measure like reuction in
number of breakdown (C29) got the place in thisteu Increase in market share (A8) also
registers its presence in this cluster. Indianiti@d and culture supports to be very cautious

towards the financial measures.
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7.8  CONCLUSION AND IMPLICATIONS

The objective of this study is to gain an underdtag of practices related to
manufacturing performance measures and measurgra@ss. The results derived from this
study based on a sample of 206 Indian manufact@xegutives, and 43 measures lead to the

following conclusions and implications.

First, there appear to be a consistent patterntibfation, relevance and ease of
measurement in relation to practices associated thi¢ studied measures. In this context,
Indian executives, in ways similar to most of theaunterparts in other business cultures,
appear to be consistently utilizing traditionaldintial and efficiency-based measures. Their
rational for using such measures appears to bell@sé¢heir perceptions that these measures
have high PUVs. However, it turned out to be th&brimation regarding most of these
measures appears to be readily available.

Second,, while a closed system efficiency-basedntation may have served Indian
manufacturing organizations well during the infbaiary periods of the past, this orientation
may not be effective in a multi-faceted performaacel open system global manufacturing
environment. Since the global manufacturing envitent is judging effectiveness based on
efficiency, quality, innovation, customer satisfanot and concern for the environment,
continuing to under-utilize such facets of manufaag performance will translate into
competitive disadvantage for Indian manufacturimgaaizations in the global marketplace.
Therefore, Indian manufacturing executives areedalipon to realign their approaches and
practices in relation to performance measuremeriet@onsistent with the demands of the
dynamic global marketplace. In this context, thesecutives need to reengineer their

organizational cultures and their information sgsten order to not only make information on
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non-financial measures available, but also to ptentbe systematic utilization of these
measures in the performance evaluation process.

Finally, the findings reported here with regardhe under-utilization of non-financial
measures are by no means unique to the Indian metnuhg environment. They are rather
indicative of a general pattern found across dfféimanufacturing cultural settings.

The practice of manufacturing performance measunens an evolving process.
Recently, this process has been challenged by diaofeanges relevant to how technology is
used, and how markets are served. These challérvayes made the efficiency-based closed
manufacturing system mode of operations obsoletse® on the results of this study, it
appears that these challenges have not yet beenMaatifacturing executives appear to be
still struggling with escaping the mentality of tledficiency focus of the closed system
orientation of the past. Therefore, applied redeasccalled for to facilitate the practical
transition to an open system orientation where rfaaturing performance should be viewed as

dynamic and multi-faceted in nature.
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CHAPTER 8

MODELING INTEGRATION AND AGILITY OF SUPPLY CHAIN
USING INTERPRETIVE STRUCTURAL MODELLING

8.1 MODELING INTEGRATION OF SUPPLY CHAIN

The concept of supply chain management is aboutgiag coordinated information,
material flows, plant operations, and logisticspribvides flexibility and agility in responding
to consumer demand shifts. The fundamental logiths philosophy is integration among
multiple independent business entities and improax@atdination within and among various
supply-chain members. Increased coordination cad te reduction in lead times and costs,
alignment of interdependent decision-making proegssand improvement in the overall
performance of each member as well as the sup@inchnterpretive Structural Modeling
(ISM) has been used in this chapter as a methogofog identifying and summarizing
relationships among specific integration enabldra supply chain, which define an issue or
problem. It provides a mean by which order camiygosed on the complexity of such enablers
and their relationships. In this chapter key enablalso referred to as variables) for the
integration of supply chain has been identifiedd analyzed to obtain an ISM, which shows
the inter-relationship of the variables and theswels. These variables have also been
categorized depending upon their driving power @ggendence.

A supply chain is a network of members formed bjoaomous entities (and their
systems) by bonding together to provide the praaod services to the satisfaction of the
customers at minimum cost. With their collectivel allaborative efforts, they sustain the

progress of each member as well as the group. litwlidion between members require
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effective communication. In a collaborative envim@nt, a member may modify its norms of
behavior to accommodate other member's perspe¢buexshi-Levi et al., 2008).

Increasing competition due to market globalizatioproduct diversity and
technological breakthroughs stimulates indepenéiemss to collaborate in a supply chain
that allows them to gain mutual benefits. This mepithe collective know-how of the
coordination mode, including the ability to synahizee interdependent processes, to integrate
information systems and to cope with distributetiéng.

Coordination among independent firms, such as ratenal suppliers,
manufacturers, distributors, third-party logistmsviders and retailers, is the key to attaining
the flexibility necessary to enable them to prognesdy improve logistics processes in
response to rapidly changing market conditionsroordination among the chain members
can cause dysfunctional operational performanceeSaf the negative consequences of poor
coordination include higher inventory costs; longklivery times, higher transportation
costs, higher levels of loss and damage, and lalveustomer service (Leet al, 1997).
Since changes that occur in any one of the chaimbees are likely to affect the
performance of the others, coordination is usetul rihanaging interdependent logistics
activities in order to mitigate demand variabilapd unnecessary inventory. A process of
planning, executing and controlling the interdepemaes of activities carried out by
different supply chain members or business unitorder to create value for the end
customer is known as supply chain management (Lerabal., 1998).

Integration across the supply chain is achievedutih synchronization of activities
at the member entity and aggregating its impaautin process, function, business, and on

to enterprise levels, either at the member entitthe group entity. With integration, there
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will often be many direct connections between peail various decision levels across the
interlinked firm in the supply chain. Techniciansrh the buyer will communicate directly
with technicians of the supplier. Production plaisnat the supplier will be in close contact
with purchasing personnel at the buyer (Bagchilaarden, 2003). Thus, by synchronization
of supply-chain components, existing bottlenecksthe system at various levels are
eliminated, while future ones are prevented frolcuogng.
8.2 INTERPRETIVE STRUCTURAL MODELING

ISM is an interactive learning process .A setitfecent and directly related elements
are structured into a comprehensive systematic madtie model so formed portrays the
structure of a complex issue or problem, a systemfeeld of study, in a carefully designed
pattern implying graphics as well as words. ISM moeblogy helps to impose order and the
direction on the complexity of relationships amoglgments of a system, Saxena et al.
(1990) identifies the key variables using directvedl as indirect inter relationships amongst
the variables and presents the results of the agijgh of ISM methodology to the case of
‘Energy conservation of in Indian Cement Industiiyd identify the key actors, objectives
and activities for energy conservation in the Ind@ement Industry, ISM (Saxena et al.
1992) has been used to develop direct relationstafrsices. Sharma et al. (1995) carry out
ISM to develop a hierarchy of action required tdiiage the future objective of waste
management in India. Some important vendor selediieria have been analyzed (Mandel
and Deshmukh, 1994) using an ISM that shows ther-melationship of criteria and their
levels. These criteria have been categorized dépgndpon their driving power and

dependence.
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The method is interpretive as the judgment ofgtwip decides whether and how the
variables are related. It is structural as on thsidof relationships an overall structure is
extracted fro the set of complex variables, It ignadeling technique on the specific
relationships and overall structure are portrayeddiagraph model. ISM is primarily
intended as a group learning process, but indiVvidama also use it.

ISM starts with an identification of elements, athiare relevant to the problem or
issue and then extends with group problem- solt@egnique. Then a contextually relevant
subordinate relation is chosen. Having decidecheretement set and the contextual relation,
a structural self-interaction matrix (SSIM) is deped based on pair-wise comparison of
elements. In the next step, the SSIM is converitala reachability matrix and its transitivity
is checked. Once a transitivity embedding is cotepdematrix model is obtained. Then, the

partitioning of the elements and an extractiorhefstructural model, called ISM is derived.

8.2.1 Steps in ISM
Various steps involved in the ISM technique areegivbelow. The flow diagram for
preparing the ISM is given in Figure 8.1.

1. Variables are listed down, which can be Objectivegjons, Individuals etc., and a
contextual relationship is established among véglwvith respect to which pairs of
the variable would be examined.

2. A Structural Self-Interaction Matrix (SSIM) is ddeped for variables of the system.

3. A reachability matrix is developed from the SSIMdais checked the matrix for
transitivity.

4. The reachability matrix is partitioned into diffetdevels.
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Listing the variables related to the |« Literature revie\
SCM Integration for manufacturing

< Expert opinion <
Establish contextual relationship(X |
between variables (i ,j) D
Develop a
Reachability

Develop a Structural Self —Interaction

Matrix (SSIM) Matrix

\ 4

Partition the reachability matrix into different/kds

\ 4

-

Develop the Reachability matrix in its conical forn

\ 4

Remove transitivity from the
diagraph

Replace variables nodes witllu
relationship statements

A

Develop Diagraph

Yes

Is there any
conceptual
inconsistency?

No

Represent relationship statement into
model for SCM Integration for
manufacturing Industry

Figure 8.1:  Flow Diagram for Preparing ISM
5. The reachability matrix is developed in the conit@m i.e. with most zero (0)
variables in upper diagonal half of the matrix andst unitary (1) variables in the

lower half.
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6. Based on the above a Directed Graph (Digraph) asvarand transitive links are
removed and the resultant Digraph is converted amdSM by replacing variables
nodes with statements.

7. The ISM model is reviewed to check for conceptuaonsistency and incorporate

makes the necessary modifications.

8.3 IDENTIFICATION OF ENABLER VARIABLES FOR INTEGRA TION

Based on literature review and expert opinion,ofmlhg SCM Integration parameters have

been categorized into three groups

1. Strategic level integration enablers
2. Operational level integration enablers
3. Performance level integration enablers

1. Strategic level integration enablers: Thesetheevariables that help in integration of
supply chain management at strategic level; suclablas basically influenced the strategic
level objectives for the supply chain. Some ofehablers are
I. Top management commitment

Il. Financial resources

lll. Collective learning
2. Operational level integration enablers: Thesethe variables that help in integration of
supply chain management at operational levelsueh parameters basically influenced the
operational decisions of supply chain managemaeatt ritay be taken from time to time or
periodically (daily, weekly or monthly etc.).Somktlese parameters are

IV. Collaborative Planning Forecasting and Replenishi{@RFR)

V. Enterprise resource planning (ERP)

225



VI. JIT Tools e.g. Kanban
VII. Point of Sale (POS) Information
VIIl. Information sharing
IX. Logistics synchronization
X. Profit sharing
XI.  Customer Relationship Management (CRM)
3. Performance level integration enablers: Thesmbigs indicate the performance of the
supply chain management and its integration, sdrtigese parameters are
XIl. Customer satisfaction
XIIl. Buyer supplier relationship
XIV. Lead time reduction
Fourteen supply chain integration enabler variabiese been identified and briefly
discussed as follows;
8.3.1 Top Management Commitment
Commitment of top management is crucial to the esgof any effort aimed at
changing the strategic and operational philosoghiie®organization. Without the support of
management the behavior of the members of the ma#on is unlikely to change. It has
been argued that change will be more successiypper management is committed to the
change (Senge, 1990). The critical role of top rgarain shaping the success of strategic
changes in organizations is also noted often (Bsmisg and Eisenhardt, 1988). Top
management plays a decisive role in paradigm shiftgritical areas such as quality
management, product development and other innavétioffman and Hagerty, 1994; Johne

and Snelson, 1989). Top management commitmenteay etage of supply chain is one of
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the essential parameter towards its integrationc&ss of supply chain integration will
depend, on the level of top management commitméfiien top management reveals its
commitment to integration of supply chain managentiis may provides subordinates with
salient clues for impressing upper management. ,Tlaben a firm attempts to implement a
planned change, employees at all levels are m&eadylito invest time and effort in the
change program if that program has the full andibte support of top management (Cete
al., 1993; Krantz, 1989).
8.3.2 Financial Resources

It denotes funds and other resources to supportindnastructure and manpower
requirements for the integration of supply chaimagement. The smooth and efficient flow
of material and information need good financial kbap to develop effective logistics and
information infrastructure. All the entities of tikepply chain need some funds, information
systems, relevant software etc. for effective foeusupply chain management. Information
Technology (IT) is the one of the most importardtdar of the supply chain management. IT
infrastructure requirement is essential becaus@owtt IT infrastructure, the information
accessing, information creating and informationrisigais not possible. Financial resources
are required for the development of IT infrastruefuogistics, transport and warehousing
etc.
8.3.3 Collective Learning

The coordination of collective learning deals wilbw to tackle the coherency
problem of initiation and diffusion of knowledgerass organizational borders (Sawhney and
Prandelli, 2000). Special emphasis is placed ortiged learning from one another for

understanding and creating unspoken capability mplémenting particular logistics
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improvement initiatives. Mastering unspoken capibilinvolves intensive dialogue,
experimentation and discussion of data, informaéiod knowledge to attain collective sense
making (Senge, 1990). The objective of the cootenaof collective learning is to extend
each partner's capability that is useful for acdishpmg ongoing improvements throughout
the supply chain.

8.3.4 Collaborative Planning Forecasting and Repleshment (CPFR)

CPFR is a Web-based attempt to coordinate the wariactivities including
production and purchase planning, demand foregpatid inventory replenishment between
supply chain trading partners. Its objective i€xehange selected internal information on a
shared Web server in order to provide for relialdeger term future views of demand in the
supply chain (Fliedner, 2003). CPFR is designedrtprove the flow of goods from the
suppliers, to the end user. It is also designequickly identify any discrepancies in the
forecasts, inventory, and ordering data so thatpifeblems can be corrected before they
negatively impact sales or profits. Entities caarsltheir sales history, sales projections and
other important information with their supply chadartners, and they in turn share their raw
material availability, lead times and other impattanformation. Then the information is
integrated, synchronized, and used to eliminatee®xdnventory and improve in-stock
positions making everyone in the supply chain npodditable.

8.3.5 Enterprise Resource Planning (ERP)

ERP is a business management system that integulitéscets of the business,
including planning, finance, manufacturing, sabas] marketing. ERP systems have become
fixtures to provide a basis for business processag@ment integration across business

functions (Maberet al, 2000) As the ERP methodology has become morelagqsoftware
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applications have emerged to help business managplesment ERP in business activities
such as inventory control, order tracking, custosemwice, finance and human resources.
Early enterprise resource planning (ERP) systemg wet primarily focused on the supply
chain. Their initial focus was to execute and indg such internally oriented applications
that support finance, accounting, manufacturingeoentry, and human resources. Even in
the early days, however, a link to supply chain aggment (SCM) was present in the form
of inventory management.
8.3.6 JIT Tools

JIT, Just in time is capable to improve profits aatlirn on investment by reducing
inventory levels (increasing the inventory turnovate), reducing variability, improving
product quality, reducing production and delivezgd times, and reducing other costs (such
as those associated with machine setup and equigoreakdown). The kanbaystem is an
element of just-in-time system that can be usedtegration of the entities in supply chain
management. kanbas a Japanese word that means "visible sign" at.dan advantage of
the kanbarsystem is its ability to control production. Otlaelvantages include its simplicity
in production scheduling, reduced burden on opesatase of identification of parts by the
kanbans attached to the containers and substaetaktion in paper work. The kanban
system is viewed as an information system. The &artontains information such as the
type, component nhame and code, the station locatimhthe destination station. Monden
(1993) and Suzaki (1987) discuss the different $ypiekanbans and their functions. These
include withdrawal kanbans, production kanbanspbkeipkanbans, signal kanbans, common

kanbans, tunnel kanbans, express kanbans and erogriggnbans. Kanban has been proved
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to be effective tool for pull system supply chaiamagement. In a pull system supply chain
management entities can be integrated with therddgas of kanban.
8.3.7 POS Information

A Point of Sale information system may include dredrd processors, cash drawers,
receipt printers, magnetic stripe readers, pol@lays, bar code scanners and signature
capture pads, all integrated with a computer-bagstem. Point of Sale Software is used to
manage and control all of these components, anafdganize product, customer and sale
information Point of Sale (POS) information is vemyportant data to enable JIT tools in
supply chain management. This leads to a decradsad times achieved through the ability
to better anticipate incoming orders from the tetai Other benefits include a decrease in
inventory at the retailer, a decrease in the vditaln the system (Simchi-Levi et al., 2000),
POS information requires a very effective and quoadimmunications system, and this
information can be equally utilized by all the stagf the supply chain.
8.3.8 Information Sharing

The coordination of information sharing attemptsntake relevant, accurate and
timely information available to the decision-makérse, 2000). Chain members often have
different private information, which is often nohaed with others - thus asymmetric
information is inherent in supply chains (Simatupand Sridharan, 2002). For example, the
retailer has better projected customer demand cadpavith the manufacturer. The
manufacturer has better information about produdddivery lead-times and production
capacity than the retailer (Leet al, 1997). Traditional communication between the
manufacturer and the retailer is made through perierdering in large batches. This

ordering behavior distorts original demand inforimat because demand variance becomes
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larger, as order data percolate to the upstreambmesnThe idea is, then, to share demand
information with the upstream members. The vidipitif demand data and inventory at the
point of sales allows the upstream members to epftatecasts and ensure continuous
replenishment of the products.

Information technology (IT) such as the EDI, Intetnintranet, software application
packages and decision support systems can be @ppliacilitate information sharing with
customers and partners, and optimization of suppbin performance. IT applications for
customer orientation include informational facil{fye. online information about custom and
standard products, a comprehensive, frequentlydaskeestions section, contact person,
return policy, etc.) and transactional facility gie.online order submission, order
modification, order notification, order trackinggcsirity of online payment and technical
assistance). IT applications for partner orientatenable participating members to gain
visibility about customer demand (e.g. customefil@® products, prices, locations, quantity
and demand patterns), resource planning (e.g. dstieg, shipping schedules, inventory,
capacity, location, lead-times and products), aadtract status such as price, automatic
ordering, order-status tracking, invoicing, auctioncentive score-board and electronic
payment. This level of information sharing actstesglue that integrates all chain members.
IT, for instance, enables chain members to mortiter order fulfilment process from
manufacturing, shipping and order receiving. IT laggpions for optimization provide
analysis of supply chain status and various igfetit recommendations for operational and

tactical decisions (Simchi-Leet al, 2008).
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8.3.9 Logistics Synchronization

Logistics synchronization means recognizing andceding improvement initiatives
that significantly contribute to value creationtive acquisition, consumption and disposition
of products and services in today's rapidly chagpgmarkets. This typical coordination refers
to the market mediation function of a supply chiiat aims to match the variety of products
reaching the marketplace with customer needs amuswgrisher, 1997). Understanding
customer demand and concerting inventory managefasility and transportation between
partners help to realize improvements in the forofsrapid response to customer
requirements, lowered inventory costs, improved dpob availability, minimum
obsolescence and minimum variance of any unexpestexts such as forecasting errors and

delays that disrupt chain performance (Lambkéeel, 1998).

Logistics synchronization also assists particigptimembers to resolve role conflict,
so each member can perform specific tasks and &ssarain responsibility to ensure the
attainment of chain profitability. The real chall®s include focusing on core activities that
provide real value to the customer, and subordigatiher supporting activities to ensure the
value creation process. Analyzing the value creapmcess across the supply chain can
provide a road map for strategic initiatives thirity specific roles for each participating
member. Govindarajan and Gupta (2001), suggest thterrelated areas to ensure logistics

synchronization:

(1) customer definition;
(2) customer value identification; and

(3) value creation process design.
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If the chain members can redefine the customer, bessent the concept of customer value,
and redesign the end-to-end value chain architecttiien they are likely to create

competitive advantage from the customer's viewpoint

Several strategies of logistics synchronizationehéeen developed based on the
principles of logistics management - such as colative logistics processes, operational
flexibility, logistics postponement and collabovati transportation. The collaborative
logistics processes refer to joint decision-makisigch as assortment planning, joint
forecasting, joint inventory management and reglemient (Simchi-Leviet al, 2000).
Operational flexibility aims to provide various dand response strategies by considering
supply capacity such as make-to-forecast, locateder, amend-to-order and build-to-order
(BTO) (Holweg and Pil, 2001). Logistics postponeineefers to delaying product
differentiation to the latest possible time untistomer orders are received (van Hoek,
2001). Collaborative transportation attempts to lemphe third-party logistics providers to
accomplish in-bound and out-bound logistics. Dirsbipping, warehousing, and cross
docking are three distinct out-bound strategiesl@liver goods to end customers (Simchi-
Levi et al, 1999).

8.3.10 Profit Sharing

Profit sharing defines how decision-makers aredadwarded or penalized for the
decisions they make. Conflict of interest is lik&b occur when the existing profit sharing
lead to actions that maximize personal gain bugrofeduce the total profitability (Clemons
and Row, 1993). Traditional profit sharing scheraes often based on local costs and short-
term concessions that attempt to fill the gap imemtory between chain members. The

perverse incentives, such as local inventory ctransportation cost and lot-size-based
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guantity discounts, often do not support the valteation process of improving customer
services, because those incentives are tied tadfen of reducing the internal costs of one
stage of the supply chain. This local optimizatmften sacrifices the total profit (Simchi-
Levi et al, 2000). For example, the manufacturer rewardsetaler based on the number of
units or lot-size purchased over a set period. fEtailer takes advantage of this quantity
discount by loading up inventory. Then it sells fmeduct later at the regular price (forward-
buying) or sells it to other retailers for profitiyersion) (Clemons and Row, 1993).

One way to resolve such a conflict of interest®isffer incentive schemes linked to
the global performance that reflects both valuatwes for the customers and profitability
(Simatupang and Sridharan, 2002). This coordinatiode is called incentive alignment that
induces the partner behavior, which is consistattt wustomer focus and total profit (Lee,
2000). Firms that share complementarities of bwgsinprocess will attempt to resolve
incentive misalignment in mutually satisfying wayased on a relational contract especially
to manage risks associated with demand uncertaiAtyrelational contract specifies
parameters such as price, quantity, time and guéakit guide how a buyer places orders and
a seller fulfils orders. Examples come in many fermcluding relationship pricing (i.e.
volume-based quantity discounts, functional allogesn and promotional allowances); a
subsidy for products returned, consignment ancepiotection; capacity reservation such as
back-up agreements and quantity flexibility contsactying bonuses to desirable
performance, such as minimizing forecasting errsatgs-through, customer service, speed
of delivery and product availability; stabilizinge transfer price, such as an every-day-low-
price (EDLP) and every-day-low-cost (EDLC), andrngsharing schemes (Stezhal, 1996;

Simchi-Leviet al, 2000) .
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8.3.11 CRM

Customer Relationship Management (CRM) is abouditig, getting, and retaining
customers. It includes the methodologies, software] Internet capabilities that help a
company manage customer relationships in an afiéiad organized manner, CRM is at the
core of any customer-focused business strategyireiddes the people, processes, and
technology questions associated with marketinggssadnd service, (Peppers and Rogers,
1999). In today's competitive world, organizatidosking to implement successful CRM
strategies need to focus on a common view of thstoower using integrated information
systems and contact center implementations thavdhe customer to communicate via any
desired communication channel. Customer relatignshanagement is a comprehensive
approach that promises to maximize relationshigh @il customers, including Internet or
"e-customers”, distribution channel members, angpkers. Getting to "know" each
customer through data mining techniques and a ewstaentric business strategy helps the
organization to proactively and consistently offend sell) more products and services for
improved customer retention and loyalty over longeriods of time. Peppers and Rogers
(1999) refer to this as maximizing "lifetime custemshare"”, resulting in customer retention
and profitability
8.3.12 Customer Satisfaction

Customer satisfaction is the result of deliveringoraduct or service that meets
customer requirements. The degree to which cuswarer satisfied with the product and/or
service received, and can be applied to internsiotoers or external customers. Customer
satisfaction comprises of three elements; namalg;tqansaction satisfaction, transaction

satisfaction, and post-transaction satisfactiona(Cét al., 2002). Variables that contribute to
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satisfaction, such as logistics and marketing eustcservice, are important because ongoing
relationships between channel members are contirgerthe level of satisfaction of each
firm (Jarrell, 1992)If the customer’s expectations are not met, custatissatisfaction will
result. And the lower the satisfaction level, therenlikely the customer is to stop purchasing
the product or service. High levels of customeiis&attion and high rates of customer
retention are strongly related to one another armbtporate profitability, Oliver (1993). The
degree to which customers are satisfied with tloglyet and/or service received, and can be
applied to internal customers or external custont@ustomer satisfaction comprises of three
elements; namely, pre-transaction satisfactiomstation satisfaction, and post-transaction
satisfaction.
8.3.13 Buyer Supplier Relationship

The final level of customer value is an increasednection between the firm and its
customers through development of a relationships Takes it more difficult for customers
to switch to another provider since a relationgigiguires an investment of time from both
the customer and the provider, (Simchi-Letial, 2008). In the mid-twentieth century,
mass production techniques and mass marketing edatite competitive landscape by
increasing product availability for consumers. Heeare the purchasing process that allowed
the shopkeeper and customer to spend quality tieteng to know each other was also
fundamentally changed. Customers lost their unigegnand shopkeepers lost track of their
customer’s individual needs as the market becamheffproduct and service options. Many
companies today are racing to re-establish themnections to new as well as existing

customers to boost long-term customer loydlisganizations today must focus on delivering
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the highest value to customers through better camuvation, faster delivery, and
personalized products and services (Bultema, 2000).
8.3.14 Lead Time Reduction

Lead-time reduction within the supply chain is theechanism for time-based
competition (Tersine and Hummingbird, 1995). Eliating delays at various stages
invariably improves throughput and customer sesziddeasures for reductions in design
times, cycle times, setup times, throughput times delivery times are to be taken for over
all lead-time reduction. Eliminating delays and mnng product flows involves creativity,
specialized skills, capital investments and behavichanges that challenge the status quo.
Frequently, significant improvements can be athiwih relatively little, additional capital
investment.

8.4 STRUCTURAL SELF-INTERACTION MATRIX (SSIM)

After the identification of variables, which helpsthe integration of supply chain,
their contextual relationships are developed. Taoables can be independent to each other,
they may help each other or one variable helpkerattainment of other while the reverse is
not true. The existence of a relation between amy sub-variables (i and j) and the
associated direction of the relation is questiorteir symbols are used for the type of the

relation that exists between the two sub-variableter consideration:
V for the relation from i to j but not in both dution: In this type of relationship
variable i helps in achieving the variable |,

A for the relation from j to i but not in both dations

X for both direction relations from i to j andg t, and: In this type of relationship i
variable help in achieving j and j helps in achigyi.
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Table 8.1:

Structural Self-Interaction Matrix (SSIM)

Variables | 14 | 13| 12| 11| 10 9| 8 § 5 4 3 2
1 \ \% \% \% \% V |V X |V \% X \%
2 @) @) @) \% o|v|]V|]Vv O|V|V|O
3 \% X \% \% \% V| A]A|O X
4 \% X \% X O V| AJ|A | X
5 \% A @) O @) \% X Al A
6 \% O @) @) O| V]| A| A
7 O A @) X \Y V |V
8 \% X \% X \% \%

9 \% X \% X @)
10 O X \% A
11 @) X \%

12 A X

13 X

No. Variable name No. Variable name No. Variablmea

1 Top management 6 JIT tools e.g. kanban 11 Customer relationship

commitment management (CRM)

2 Financial resources 7 POS information 12 Custaatsfaction

3 Collective learning 8 Information sharing 13 Bugepplier

relationshij

4 CPFR 9 Logistics 14 Lead Time Reduction

synchronization

5 ERP 10 Profit sharing
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O if the relation between the variables does ppear valid

For analyzing the variables, a contextual relatigmss chosen, such that one variable leads
to another. Based on this contextual relationshiSM has been developed. To obtain
consensus, the SSIM was discussed in a group efesx@Based on their responses, the SSIM

has been presented as shown in Table 8.1.

Top management commitment (1) is essential to impte and achieve financial
resources (2), collective learning (3) CPFR (4)PER), JIT Tools e.g.kanban (6), creation
of POS information (7); information sharing (8) istics synchronization (9) profit sharing
(10), CRM (11), customer satisfaction (12), buyepier relationship (13) and lead time
reduction (14) whereas collective learning (3) aP@S information (7) leads to top
management commitment.

Financial resource needed to meet the expensegplementation of CPFR (4), ERP
(5), POS Information (7), Information sharing (8)daCRM (9). No variable is directly
leading to financial resources as for as supplyrcimiegration is concern
Collective learning leads to CPFR (4), ERP (5)jdbgs synchronization (9), profit sharing
(10), CRM (11), customer satisfaction (12), buyapier relationship (13), and
Lead-time reduction (14), whereas CPFR (4), ERP P®)S information (7), information
sharing (8) and buyer-supplier relationship (1apkto collective learning.

CPFR leads to ERP (4) JIT Tools (6), logisticscéyonization (9), CRM (11), customer
satisfaction (12), buyer-supplier relationship (284 lead-time reduction (14), whereas ERP
(5), JIT Tools (6), POS information (7), Informati sharing (8), CRM and buyer-supplier

relationship (13) leads to CPFR. ERP leads to mé&tion sharing (8), logistics
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synchronization (9) and lead-time reduction (14hereas JIT Tools (6), POS information
(7), information sharing (8) and buyer-supplieatenship leads to ERP.
JIT Tools (6) leads to logistics synchronization) &hd lead-time reduction (14) whereas
information sharing (8) and POS information (7)dge#o JIT Tools
Financial resources needed to meet the expensagplamentation of CPFR (4), ERP (5),
POS Information (7), Information sharing (8) andMK9). No variable is directly leading to
financial resources as for as supply chain intégnas concern
Collective learning leads to CPFR (4), ERP (5)jdbgs synchronization (9), profit sharing
(10), CRM (11), customer satisfaction (12), buyapdier relationship (13), and lead-time
reduction (14), whereas CPFR (4), ERP (5), POSrmmédion (7), information sharing (8)
and buyer-supplier relationship (13) leads to ctiNe learning. CPFR leads to ERP (4) JIT
Tools (6), logistics synchronization (9), CRM (1&ystomer satisfaction (12), buyer-supplier
relationship (13) and lead-time reduction (14), vélas ERP (5), JIT Tools e.g.kanban (6),
POS information (7), Information sharing (8), CRMdabuyer-supplier relationship (13)
leads to CPFR. ERP leads to Information sharingl¢gjstics synchronization (9) and lead-
time reduction (14), whereas JIT Tools (6), PO$rmfation (7), information sharing (8) and
buyer-supplier relationship leads to ERP.
JIT Tools (6) leads to logistics synchronization) &hd lead-time reduction (14) whereas
information sharing (8) and POS information (7)dedo JIT Tools. POS information leads
to logistics synchronization (9), profit sharingdjlinformation sharing (8) and CRM (11),
whereas CRM (11) and buyer-supplier relationshg) (@ads to POS information.
Information sharing leads to logistics synchron@at(9), profit sharing (10), CRM

(11), customer satisfaction (12), buyer-suppli¢atienship (13) and lead-time reduction (14)
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whereas CRM (11) and buyer-supplier relationship) (ads to information sharing (8).
Logistics synchronization leads to CRM (11), custorsatisfaction (12), buyer-supplier
relationship (13) and lead-time reduction (14) velasr CRM (11) and buyer-supplier
relationship (13) leads to logistics synchronizatid’rofit sharing leads to customer
satisfaction (12) and buyer-supplier relationsHip)(whereas CRM (11) and buyer-supplier
relationship (13) leads to profit sharing (10). ©@uaser satisfaction (12) leads to buyer-
supplier relationship (13) whereas buyer-suppléationship (13) and lead-time reduction
(14) leads to customer satisfaction. Lead-time c¢adn leads to buyer-supplier relationship

and vice versa.

8.5 REACHABILITY MATRIX

The SSIM format is transformed into a reachabihtwatrix format by transforming the
information in each entry of the SSIM into 1's a@® in the reachability matrix. The

methodology of performing is as follows:

1. If the (i, j) entry in the SSIM is V, then the {), entry in the reachability matrix

becomes 1 and (j, i) entry becomes 0.

2. If the (i, j) entry in the SSIM is A, then the (), entry in the reachability matrix

becomes 0 and (j, i) entry becomes 1.

3. If the (i, j) entry in the SSIM is X, then the (), entry in the reachability matrix

becomes 1 and (j, i) entry becomes 1.

4. If the (i, j) entry in the SSIM is O, then the ), entry in the reachability matrix

becomes 0 and (j, i) entry becomes 0.
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Following these rules, reachability matrix for treiation is prepared as shown in Table 8.2

Table 8.2:  Reachability Matrix

Variable | 1 2 3 4 5 6 7 8 9 10 11 1 183 14

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 0 1 0 1 1 0 1 1 1 0 1 0 @ 0
3 1 0 1 1 1 0 0 0 1 1 1 1 1 1
4 0 0 1 1 1 1 0 0 1 0 1 1 1 1
5 0 0 1 1 1 0 0 1 1 0 0 0 @ 1
6 0 0 0 1 1 1 0 0 1 0 0 0 @ 1
7 1 0 1 1 1 1 1 1 1 1 1 0 @ 0
8 0 0 1 0 1 1 0 1 1 1 1 1 1 1
9 0 0 0 0 0 0 0 0 1 0 1 1 1 1

10 0 0 0 0 0 0 0 0 0 1 0 1 1 0

11 0 0 0 1 0 0 1 1 1 1 1 1 1 0

12 0 0 0 0 0 0 0 0 0 0 0 1 1 0

13 0 0 1 1 1 0 1 1 1 1 1 1 1 1

14 0 0 0 0 0 0 0 0 0 0 0 1 1 1

8.6  PARTITIONING THE REACHABILITY MATRIX

The matrix is partitioned by assessing the readihabnd antecedent sets for each variable.

The variable for which the reachability and thesisection sets are the same is given the top
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level variable in the ISM hierarchy, which wouldtreelp achieve any other variable above
their own level. After the identification of thepdevel element, it is discarded from the other

remaining variables. Customer satisfaction (12pisd at level 1 in first iteration (Table

8.3).
Table 8.3: First Level of SCM Integration Variables
Iteration 1
Variable Reachability Set: R (P) Antecedent Set: AP) | Intersection R (P)| Level
1 1,2,3,4,5,6,7,8,9,10,11,12,13,14 1,3,7 1,3,7
2 2,4,5,7,8,9,11 1,2,10,13 2
3 1,3,4,5,9,10,11,12,13,14 1,3,4,5,7,8,13 1,3,3,51
4 3,4,5,6,9,11,12,13,14 1,2,3,4,5,6,7,11,13 3,45,63
5 3,4,5,8,9,14 1,2,3,4,5,6,7,8,13 34,58
6 4,5,6,9,14 1,4,6,7,8 4,6
7 1,3,4,5,6,7,8,9,10,11 1,2,7,11,13 1,7,11
8 3,5,6,8,9,10,11,12,13,14 1,2,4,6,7,8,11,13 6,831
9 9,11,12,13,14 1,2,3,4,5,6,7,8,9,11,138 9,11,13
10 10,12,13 1,3,7,8,10,11,13 10,13
11 4,7,8,9,10,11,12,13 1,2,3,4,7,8,9,11,13 7,71,8,93
12 12,13 1,3,4,8,9,10,11,12,13,14 12,13 |
13 3,4,5,7,8,9,10,11,12,13,14 1,3,4,8,9,10,11,12418 3,4,8,9,10,11,12,13,14
14 12,13,14 1,3,4,5,6,8,9,13,14 13,14

Thus it would be positioned at the top of the ISMd®l. This iteration is continued till the
levels of each variable are found out. The idesdifievels aids in building the final model of

ISM. The process is completed in seven iterataspresented in Table 8.4 — Table 8.9.
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Table 8.4:

Second Level of SCM Integration Varial#s Iteration 2

Variable | Reachability Set Antecedent Set Intersection set kel

1 1,2,3,4,5,6,7,8,9,10,11,13,14,3,7 1,3,7

2 2,4,5,7,8,9,11 1,2,10,13 2

3 1,3,4,5,9,10,11,12,13,14 1,3,4,5,7,8,13 1,3,35,1

4 3,4,5,6,9,11,13,14 1,2,3,4,5,6,7,11,13 3,4,5,631

5 3,4,5,8,9,14 1,2,3,4,5,6,7,8,13 3,4,5,8

6 4,5,6,9,14 1,4,6,7,8 4,6

7 1,3,4,5,6,7,8,9,10,11 1,2,7,11,13 1,7,11

8 3,5,6,8,9,10,11,13,14 1,2,4,6,7,8,11,13 6,8,11.13

9 9,11,13,14 1,2,3,4,5,6,7,8,9,11,1311,13

10 10,13 1,3,7,8,10,11,13 10,13 Il

11 4,7,8,9,10,11,13 1,2,3,4,7,8,9,11,13 7,7,8,931,

13 3,4,5,7,8,9,10,11,13,14 1,3,4,8,9,10,11,13)144,83,9,10,11,13,14

14 13,14 1,3,4,5,6,8,9,13,14 13,14 Il
Table 8.5:  Third Level of SCM Integration Variables Iteration 3

Variable | Reachability Set: Antecedent Set: Intersetion set | Level

1 1,2,3,4,5,6,7,8,9,11,13 1,3,7 1,3,7

2 2,4,57,8,9,11 1,2,13 2

3 1,3,4,59,11,13 1,3,4,5,7,8,13 1,3,4,5,13

4 3,4,5,6,9,11,13 1,2,3,4,5,6,7,11,13 3,4,5,6,11,13

5 3,4,5,8,9 1,2,3,4,5,6,7,8,13 3,4,58

6 4,5,6,9 1,4,6,7,8 4,6

7 1,3,4,5,6,7,8,9,11 1,2,7,11,13 1,7,11

8 3,5,6,8,9,11,13 1,2,4,6,7,8,11,13 6,8,11.13

9 9,11,13 1,2,3,4,5,6,7,8,9,11,13 9,11,13 1l

11 4,7,8,9,11,13 1,2,3,4,7,8,9,11,13 7891113 | | 1l

13 3,4,57,8,9,11,13 1,3,4,8,9,11,13 3,4,8,9,11,13
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Table 8.6:

Fourth Level of SCM Integration Variables Iteration 4

Variable | Reachability Set Antecedent Set: Intersdmn set | Level
1 1,2,3,4,5,6,7,8,13 1,3,7 1,3,7
2 2,457.8 1,2,13 2
3 1,3,4,5,13 1,3,4,5,7,8,13 1,3,4,5,13 v
4 3,4,5,6,13 1,2,3,4,5,6,7,13 3,4,5,6,13 v
5 3,45,8 1,2,3,4,5,6,7,8,13 3,45,8 v
6 45,6 1,4,6,7,8 4,6
7 1,3,4,5,6,7,8 1,2,7,13 1,7
8 3,5,6,8,13 1,2,4,6,7,8,13 6,8,13
13 3,4,5,7,8,13 1,3,4,8,13 3,4,8,13

Table 8.7: Fifth Level of SCM Integration VariablesIteration 5
Variable | Reachability Set: Antecedent Set: ltersection set | Level
1 1,2,6,7,8,13 1,7 1,7
2 2,7,8 1,2,13 2
6 6 1,6,7,8 6 Y
7 1,6,7,8 1,2,7,13 1,7
8 6,8,13 1,2,6,7,8,13 6,8,13 Vv
13 7,8,13 1,8,13 8,13

Table 8.8: Sixth Level of SCM Integration Variableslteration 6
Variable | Reachability Set: Antecedent Set: lrersection set | Level
1 1,2,7,13 1,7 1,7
2 2,7 1,2,13 2
7 1,7 1,2,7,13 1,7 VI
13 7,13 1,13 13

Table 8.9: Seventh & Eighth Levels of SCM Integratn variables Iteration 7

Variable | Reachability Se Antecedent Se Intersection se | Level
1 1,2,18 1 1 VI
2 2 1,2,1: 2 Wl
13 13 1,13 13 \l
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The levels of ISM model are found as Customerstatiion (12) is put in level 1.
Profit sharing (10) and Lead-time reduction (14 gulaced at level Il. Logistics
synchronization (9) and CRM (11) are placed atll&veCollective learning (3), CPFR (4)
and ERP (5) are placed at level IV. JIT Tools (&) énformation sharing (8) are placed at
level V. POS information (7) is placed at level ¥lnancial resources (2) and buyer-supplier

relationship are placed at level VII. Top manageiheemmitment (1) is placed at level VIII

8.7 DEVELOPING CONICAL MATRIX

A conical matrix is developed by clubbing togetkiariables in the same level, across rows

and columns of the final reachability matrix, aswh in Table 8.10.

Table 8.10: Conical Form of Reachability Matrix

Variables 12| 10| 14| 9| 11} 3 4 5 6 § 1 13 P il
12 1 0 0 0 0 0 0 0 0 0 0 1 @ (|)
10 1 1 0 0 0 0 0 0 0 0 0 (0 @ 4>
14 1 0 1 0 0 0 0 0 0 0 q 1 ( ({)
9 1 1 1 1 1 0 0 0 0 0 0 1 @ (
11 1 1 0 1 1 0 1 0 0 1 1 1 @

3 1 1 1 1 1 1 1 1 0 0 0 1 @ ]
4 1 0 1 1 1 1 1 1 1 0 0 1 @ (
5 0 0 1 1 0 1 1 1 0 1 0 0 q (
6 0 0 1 1 0 0 1 1 1 0 0 0 @ (
8 1 1 1 1 1 1 0 1 1 1 0 1 d (
7 0 1 0 1 1 1 1 1 1 1 1 0 @ ]
13 1 1 1 1 1 1 1 1 0 1 1 1 ]

2 0 0 0 1 1 0 1 1 0 1 1 0 i (
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
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8.8 DEVELOPMENT OF THE DIAGRAPH

Based on the conical form of reachability matrike initial diagraph including
transitive links is obtained as shown in Figure. &fter removing indirect links, the final

digraph is obtained as shown in Figure 8.3.

Figure 8.2: Digraph Depicting the Relationships amig the SCM Enabler Variables
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Figure 8.3: Digraph Showing the Levels of SCM Inte@tion Enablers

From Figure 8.4, it is observed that Top manageroentmitment (1) plays significant role
in SCM integration and it comes at the base of I8&tarchy. Customer satisfaction (12) is
SCM integration variable on which effectivenessS&EM integration depends. Customer

satisfaction appeared at the top of the hierarchy.

For integration of supply chain, it is top managatneommitment that arranges required
financial resources and maintains buyer suppliticaship (13), these are the basic drivers
of the SCM integration and appeared in the bottenell of the hierarchy after the top

management commitment, Financial resources leadgdonation sharing by providing an
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effective communication and information infrastiret, at the same time buyer-supplier

relationships leads to Information sharing and R@&mation.

Customer satisfaction

Lead time reduction Proflt sharing

Logistics synchronization CRM

CPFR Collective learning

Information Sharing

JIT Tools e.g. kanban

POS Information

Financial Resource Buyer-supplier relationsipi

Top management Commitment

Figure 8.4: Interpretive Structural Model showing the Levels of SCM Integration

Variables

Without buyer-supplier relationships informationaghg and true POS information is not
possible. POS information is very important input 3IT Tools e.g.kanban and information
sharing; this is the reason of placing it in thétdrm level after financial resources and buyer-
supplier relationship. Information sharing leads cailective learning, CPFR and ERP.

Collaborative planning and ERP needs the outconte afainformation sharing. JIT Tools
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e.g.kanban leads to CPFR and ERP both. CPFR andda®Ro logistics synchronization.
Information sharing, particularly POS informatiaratls to CRM. Collective learning is the
enabler that basically leads towards profit shaang CRM. Customer satisfaction in the
environment of supply chain integration is depermus the delivery in time and cost
effectiveness. Delivery in time and the cost effechess both depends on the two enabler’s
namely lead time reduction and profit sharing. &ualltime reduction and profit sharing both
leads to customer satisfaction hence they are ersatlirectly connected with the customer

satisfaction

8.9 MICMAC ANALYSIS

The objective of MICMAC analysis is to analyze tireving power and dependence
of SCM integration enabler variables (Mandal andlideukh, 1994). The SCM integration
variables are classified into four clusters. Faisister includes “autonomous variables” that
have weak driving power and weak dependence. TVvaasables are relatively disconnected
from the system, with which they have only few 8nkvhich may be strong. Second cluster
consists of dependent variables that have wealedpewer and strong dependence, these
variables are unstable. Any action on these vagablill have an effect on others and also a
feed back effect on themselves. Fourth clusteutesd independent variables having strong
driving power but weak dependence. It is obsenyed & variable with the very strong
driving power, called as the key variables falt®ithe category of independent variables. In
the Table 8.11, an entry of “1” along the columnsl aows indicates the dependence and

driving power respectively.
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Table 8.11: Driving Power and Dependence in Reachdiby Matrix

Variables | 12| 10| 14| 9| 14 3| 4 5§53 6 8 7 13 2 1 Driving | Rank
12 110|000 O] O] O O Of O 14 O 0 2 X
10 111000 O] O O O Of O O O 0 2 X
14 110120 0| O] O] O O Of O 14 O 0 3 IX
9 1 /12{12{12(1(0f O Of Of Of O 14 O 0 6 VIl
11 1 11{0|21(1} 0| 2y Of Of 24 1 1 O 0 8 \Y
3 1 /12{2{2|1(1( 1f 1f Of Of O 1 O 1 9 v
4 1|02 }1}|1(1| 1 1| 1, Of O 1 O 0 9 Y
5 ojoj|1|1|{0|1| 1| 1| 0] 1 Q O O 0 6 VIl
6 ojo|1|1{0|0| 12| 1| 1| 0f 0 0O O 0 5 Vi
8 1|1 (12}1|1(1| 0 1| 1y 1f O 1 O 0| 10 11
7 ojz2|o0}|1{1|1} 1} 1y 1{ 1 1 0o O 1| 10 [l
13 1 y14{1)1(1} 1| 1} 1] Of 1 1 13 1 0| 12 Il
2 ojo|oj|1{1y0}| 12| 1y O0f 117 11 0o 1 0 7 Vi
1 1|1 (12}1|1(1} 21 1| 1, 1 1 1 1 1| 14 I
Dependencel 10 | 9 | 10| 11| 9| 7| 4| 4| 5| 7/ 5 § 3 3
Ranks I 11l | I VL VIE VI A viiE (v

The variables are categorized into ranks. For elamgriable 4 seventh rank in

dependence and fourth in driving power while vdgdbsixth in driving power and eighth in

dependence. Four categories are presented in Rsgbird op management commitment (1),

financial resources (2), collective learning (3% information (7), information sharing (8)

and CPFR (4) comes under the category IV and therefategorized as independent drivers.

It can be observed in Figure 8.6 that Top managermemmitment (1) is the strongest

driver, as for as driving power is concern inforimatsharing (8), POS information (7),
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CPFR (4), collective learning. (3) and financiabaerces (2) come in descending order

respectively. As for as dependence is concern, n@magement commitment (1) and

financial resources (2) are the least dependerienrsa

14

13

12

11

10

Driving Power

1
13 Cluster-Il|
Cluster-IV Linkage
Independent enablers
(Driver) enablers\
7 7 8 A/
4 3
11
2
5 9
Cluster-II
Dependent
6
Cluster-1 enablers
Autonomous
enablers /
14
10 12
1 2 3 4 5 6 7 8 9 10 11
Dependence >

Figure 8.5: Clusters of the Entities in the Integation of Supply Chain Management
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JIT Tools e.g.kanban (6) and ERP (5) are autononaatiables and are kept under category
1. Profit sharing (10), logistics synchronizati(®), lead-time reduction (14), Customer
satisfaction (12), are found as dependent variaBleser-supplier relationship has high
driving power in supply chain integration and sonpémes it plays a key role in integration
process, at the same time it has high dependesoe Biliyer-supplier relationship (13) and

CRM (11) are linkage variables with high dependdnaehigh driving power.

8.10 MODELING AGILITY OF SUPPLY CHAIN

A key feature of the present day business is tlea ithat it is supply chains that
competes not companies (Christopher, 1992). Phplogsof integration and collaboration is
again dominating the business, society and worldatWould be the nature of supply chain
to be more competitive? A simple answer may bestigply chain that is more integrated
and agile. Some of the definitions and ideas rdladeagility are:

The concept of an agile enterprise came abouteasetult of a collaborative, cross-industry
workshop in 1991. Agility was initially defined &he ability of an organization to thrive in
a continuously changing, unpredictable businessr@amwent” (Dove et al., 1991). Dove
(1999) has since redefined the agility as “the igbilo manage and apply knowledge
effectively,” recognizing the importance of infortiwan in firm decision making.

Agility is a business-wide capability that embracesganizational structures,
information systems, logistics processes and itiqudar, mindsets. A key characteristic of
an agile organization is flexibility. In that regpethe origins of agility as a business concept
lie partially in flexible manufacturing systems.itially it was thought that the route to

manufacturing flexibility was through automationdnable rapid changeovers (i.e. reduced
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set-up times) and thus enable a greater resporsige¢n changes in product mix or volume.
Later this idea of manufacturing flexibility wasterded into the wider business context
(Nagel and Dove, 1991) and the concept of agibtym organizational orientation was born.
Naylor et al. (1999) interpret gility means using market knowledge and a virtual
corporation to exploit profitable opportunities wolatile marketplace. The word agility is
now replacing the word flexibility in present pradion and business literature. The need of
the hour is not only flexibility but also flexibili with fair amount of the speed and
competitiveness.
Under the heading “strategies for enriching theaugr” Goldman et al. (1995) define four
basic dimensions of agility. These are:
(1) enriching the customer;
(2) cooperating to enhance competitiveness;
(3) organizing to master change and uncertainty;
(4) leveraging the impact of people and information
Agility is further defined as the business-wide alaipty that embraces organizational
structures, information systems, logistics process®l in particular, mindsets (Christopher
and Towill, 2001). Supply chain agility is a keyittwventory reduction, adapting to market
variations more efficiently, enabling enterprises respond to consumer demand more
quickly, and integrating with suppliers more effeely. Moving a step forward from agility,
researchers (van-Hoek, 2000; Mason-Jones et &lQ; 20aylor et al., 1999) have discussed
combining agility with leanness resulting in leagdupply chains. Leagility enables cost
effectiveness of the upstream chain and high serecels in a volatile marketplace in the

downstream chain.
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One of the key drivers for agility is the integoatiof processes with business partners in
the supply chain (Preiss et al., 1996). The suppliger relationship can be short term,
where the relationship does not go beyond traditicastomer-buyer interaction, to a long-
term collaboration where the relationship is exeshdat a strategic level between
interdependent partners (Mohr and Nevin, 1990tdi&t al., 2005). The main objectives of
this paper are:

» to identify and rank the enablers of agility in plypchain;

» to find out the interaction among identified enablesing ISM; and

» to discuss the managerial implications of this aese

After going through extensive literature relatedatple manufacturing and agile supply
chain management, their implication in strategagtital and operational level has been
identified.

Thirty six variables were selected that help in mglsupply chain more agile as given in
Table 8.12. The list of these variables is shodehg clubbing similar type of enabler
variables together. Finally twelve enabler variabge chosen for interpretive structural
modeling.

In this work it has been assumed that organizatiams having good organizational
structures and participative mindset of the worg#oto implement and adopt agility in

supply chains.
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Table 8.12

Selection of Enabler Variables for Agtly in SCM

z
°

Randomly selected enablers

Clubbing of enablers

Enabler for ISM

1 e-business Multiple operation strategies

2 Use of IT tools Intelligent automation 1.Autonoati

3 Use of Communication Technologies Flexible mactwfang system

4 Multiple operation strategies Trust development

5 Intelligent automation Eﬂggﬁ:??g&gggﬂ%ﬂsmp rzégtji)(/)?]rs-ﬁi:pg lll('errust
6 Flexible manufacturing system Leadership

7 Concurrent engineering gg:ﬁ:bagt?rtlgzpliaegllgrz?s’hment 3.CPFR

8 Quality improvement

9 Minimizing uncertainty Concurrent engineering

10 Trust development Process integration

11 Buyer-supplier relationship Employee empowerment _4.‘Procg_ss

12 Third Party logistics Minimizing resistance ttaoge

13 Process integration

14 Just in time (JIT) e-business

15 POS Information Use of IT tools

16 Logistics synchronization #J:sh?]foi)c;?we?umcatlon 5.Use of ICT tools
17 Employee empowerment POS Information

18 Financial resources Logistics synchronization Log@istics planning
19 Leadership Vendor Managed Inventory and manageme
20 Transparent product customization Third Pargystics

21 Product differentiation Just in Time (JIT) 7.3dppraches
22 Market sensitiveness Waste reduction

23 Delivery speed Market potential

24 Data accuracy Market sensitiveness 8.Understgndi
25 New product introduction Intensity of competitio market volatility
26 Colllab_0|:ative Planning, forecasting & Minimizing uncertainty

27 | Lead time reduction Lead time reducion perormance

28 Service level improvement Data accuracy

29 Cost minimization Financial resources 10. Cost

30 Minimizing resistance to change Quality improeain 11.Quality

31 Vendor Managed Inventory, Service level improgam improvement

32 Information Sharing, New product introduction

33 Customer relationship management Transparent product 12.Customer

34 II\A;fi(‘(at potential 7 Prr‘ddUctV(‘jifferentiation I

35 Intensity of competition

36 Waste reduction
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8.11 ENABLER VARIABLES OF AGILITY IN SCM

SCM is a complex issue involving many dimensiorsniake the supply chain agile,
large numbers of variables play their role. Somthete variables are the subset of the other
or they are contemporary in nature. In this stddym literature twelve critical variables
have been identified which enables agility in sypghains. Out of twelve enablers four
enablers namely Buyer supplier relationship, CPHR,tools and customer satisfaction has
been discussed in last section. Remaining eigtilersaare discussed as under:
8.11.1 Automation

The meaning of automation may be the replacementnahual operations by
computerized methods or executes decisions witt lsaman intervention. The major shift
in automation is to increase flexibility, repeatiyi convertibility and quality to the
manufacturing process as it was previously usedht¢oease only productivity and cost
efficiency. In supply chain management context alomation in factory and office are
equally important in enhancing the agility. Somehd# tools used in factory automation are
CAD/CAM software, computerized controlled machioels & material handling systems,
rapid prototyping and other computerized machireegiun various manufacturing processes.
FMS, concurrent engineering, collaborative engimgeand intelligent manufacturing are the
upcoming concepts in factory automation; the osatoh of each one is to make
manufacturing more agile. Office automation refersintegrating clerical tasks such as
typing, filing and appointment scheduling Somele equipments capable to increase agility
of the office related activities may be Personamputers, Laser printers, computerized

copier machines, fax, scanners, digital cameraf) pfjectors etc.
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8.11.2 Process Integration

Supply chain consists of multiple sub systems, eaxth of these sub systems are part
of an overall business function. For example, aifmss function such as processing an
incoming order may require the participation of thestomer management system, the
inventory system, the shipping system, and one orenfinancial systems. The business
could operate more efficiently if the systems cdaddintegrated so that the business function
could be completed automatically. The major adwgataf process integration is increased
flexibility. The process manager can support aetgriof configurations that would be
difficult to implement in many traditional progranmg models. Supporting a variety of
configurations gives the process manager the filéyilbo adapt to many different business
requirements. In a supply chain, process integrat® achieved through collaborative
working between buyers and suppliers. This may lresgoint product development,
common system design and shared information. Sotthborations across each partner’s
core business processes may involve a range ohquahips covering buyer-supplier
relations, vendor managed inventory, informatiorarsiy, etc. In the context of SCM,
investments in shared or compatible high technglagyestments in shared or compatible
manufacturing systems (such as MRP Il systems)camimon approaches to cycle time
reduction are the kinds of routes that may be takemproved performance (Mason-Jones
and Towill, 1999).
8.11.3 Use of ICT Tools

Various SCM software solutions are being developefiilfill the requirement of all
stages of the supply chain. These tools helpsaogssing, recording, editing and updating

all the data related to transactions more accyrate¢thodically and quickly. The quick and
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faster flow of information makes supply chain maagile. Use of internet, extranet,
electronic data interchanger and related commupitdéchnologies are capable to connect
all the partners of the supply chain together tba@ce ability to respond quickly. The
Information and Communications Technology (ICT)ais increasingly used powerful tool
for participating in global markets; promoting acotability; improving the delivery of
services; and enhancing growth in opportunities.
8.11.4 Logistics Planning and Management

Several strategies of logistics have been develbpsdd on the principles of logistics
management - such as collaborative logistics pessgsoperational flexibility, logistics
postponement and collaborative transportation. ddiaborative logistics processes refer to
joint decision-making such as assortment plannijogat forecasting, joint inventory
management and replenishment (Simchi-Letvial, 2008). Operational flexibility aims to
provide various demand response strategies byaemsg supply capacity such as make-to-
forecast, locate-to-order, amend-to-order and boHdrder (BTO) (Holweg and Pil, 2001).
Logistics postponement refers to delaying produféemrntiation to the latest possible time
until customer orders are received (van Hoek, 200a&)laborative transportation attempts to
employ the third-party logistics providers to acqbish in-bound and out-bound logistics.
Direct shipping, warehousing, and cross dockingthree distinct out-bound strategies to
deliver goods to end customers (Simchi-Letval., 2008).
8.11.5 Understanding Market Volatility

The variableghat have been included in this enabler are mgrkétntial, market
sensitiveness and intensity of competition (GregMérshall et al 2004). Market potential

refers to conditions where the providers of a serndgan consistently charge prices above
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those that would be established by a competitiveketaMarket sensitiveness reflects the
degree of variability or fluctuations in demandpoices. Increased agility in supply chain is
able to overcome the negative implications of dedneariability. Adequate knowledge and
practice of these variables can give a good fouowlab understand the market volatility.

This variable becomes more relevant in present ajlomarket scenario. A good

understanding of market volatility among the chpartner can make supply chain more
agile.

8.11.6 Delivery Performance:

Delivery performance is measured by four varialfdggate, 2001), with the first
two measuring speed and the last two measuringbilly. First, delivery lead-time may be
defined as average actual time that elapses frenmpldcement of an order until its shipment
to the customer (i.e. transportation time is natluded). Second, throughput time was
defined as the time to complete an order from the of its production to its completion.
Third, the percentage of customer orders delivesedue date can be used as one measure of
reliability. The percentage of on time deliveriesnidely applied in industry, and sometimes
referred to as the service level. For those orttexsare delivered late, the average lateness is
the fourth variable of performance.

8.11.7 Cost Minimization

Cost reduction in manufacturing is the need ofttbar, especially for the people of
developing countries who can’t afford high pricesehhance their standard of livingata
Motors of India didn’t reveal much about the casluction strategies used in its Rs 100,000
(approx $ 2000) ‘nano’ car project. Some of thesgie strategies applied by the company

may be the cost minimization through design (coreur engineering, design for
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manufacturability), lean production cost minimipati(reduction of waste, JIT, kanban, pull
based manufacturing), overhead cost minimizatianldko-order and mass customization),
standardization cost minimization (implementatiof standardization), product line
rationalization cost minimization (focus on mostofiiable products), Supply Chain
Management cost minimization (Supply chain simgdifion, inclusion of pull parts into
production without forecast or inventory),qualityst minimization (The cost of quality can
be 15% to 40% of revenue which should be justifi&l)mar and Brittain 1995).
8.11.8 Quality Improvement

According to ISO 9000:2000 the definition of Quglinprovements “part of quality
management focused on increasing the ability tdillfudjuality requirements” Other
definition may be “An approach to the study androwement of the processes of providing
services to meet needs of clients.” The indicatbithe quality improvement are non-
conformity rate of products manufactured, the inigpace of employee’s participation in the
improvement of process efficiency and product quahumber of work-related accidents,
absenteeism rate, average response time to cu&ocwmnplaints, extent of customer
satisfaction after complaints, percentage of oraetsdelivered on time, or in the quantities
ordered, number of registered complaints from custs, customers’ perceptions of the

effectiveness of the warranty policy offered by tinen. (Yasin et.al. 2004)

8.12 STRUCTURAL SELF-INTERACTION MATRIX (SSIM)

ISM methodology suggests the use of the experhiops based on various
management techniques such as brain storming, abr@ohnique, etc. in developing the

contextual relationship among the variables. Thasthis research for identifying the
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contextual relationship among the enablers of tggii a supply chain two experts from
academia with research interests in the area of bunginess and two supply chain managers

working for leading automobile manufacturer wesesulted for the same.

Although the subject of agility in context of a plypchain is relatively new but these
experts from the industry and academia were wetivesant with agility of individual
organizations which are now extended to the whopmply chains. For analyzing the enablers
of the agility, a contextual relationship of “leatts type is chosen. This means that one
variable helps to ameliorate another variable. Basethis, contextual relationship between

the variables is developed.

Keeping in mind the contextual relationship for krea@riable, the existence of a
relation between any two enablers (i and j) andabsociated direction of the relation is
guestioned. Four symbols are used to denote thextain of relationship between the
enablers (i and )):

V: enabler i will ameliorate enabler j;

A: enabler j will be ameliorated by enabler i;

X: enabler i and j will ameliorate each other; and
O: enablers i and j are unrelated.

The following would explain the use of the symbd|sA, X, and O in SSIM (Table 8.13):

Enabler 5 (use of ICT tools) would ameliorate eambb (logistics planning and
management). In deciding appropriate logistics milagn ICT tools are playing significant
role. At the same time logistics strategies arehedping much to the variable use of ICT

tools. This unidirectional forward relationship Haesen entered as V Table 8.13.
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Table 8.13: Structural Self-Interaction Matrix (SSIM)

Variables 12 11 10 9 8 7 6 5 4 3
1 \% \% \% \% A X O X \% \% \%
2 X X X X A (@) X A \% \%
3 \% \% \% \% A o X A X
4 \% \% \% \% (0] 0] X A
5 \% \% \% \% \% \% \%
6 \% o \% \% A A
7 \% \% \% \% (0]
8 O O \% (0]
9 \% \% O
10 \% (0]
11 \%
No. Variable Name No Variable Name No Variable Name No Variable Name
! Automation 4  Process Integration 7 Justin Time 10 Cost
J1m minimization
2 Buyer-Supplier 5 Use of ICT Tools g Understanding 171 Quality
relationship & Trust market Improvement
3 CPER 6 Logistics planning 9 Delivery 12 Customer
and management Performance satisfaction
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Enabler 4 (process integration) is ameliorated hgbéer 5 (use of ICT tools), i.e.
process integration is helped by variable 5 (usdGdf tools. process integration is not
helping the variable use of ICT tools. This unidifenal reverse relationship has been

entered as A (Table 8.13).

Enabler 2 (buyer-supplier relationship and trustads to enabler 10 (cost
minimization) and cost minimization leads to bugepplier relationship and trust. This
mutual relationship has been entered as X (Tall8)8No relationship seems to exists
between enabler 6 (logistics planning and managgnaed enabler 11 (product quality) so

the relationship is O (Table 8.13).

8.13 REACHABILITY MATRIX

The SSIM is transformed into a binary matrix, cdline reachability matrix by
substituting V, A, X, O by 1 and 0 as per the cds$e rules for the substitution of 1's and 0's

are given earlier in article 8.4.

In Table 8.14, the driving power and the dependerfiaach enabler are also shown.
The driving power for each enabler is the total hanof enablers (including itself), which it
may impact. Dependence is the total number of enalincluding itself), which may be
impacting it. These driving power and dependenwidisbe used in the MICMAC analysis,
where the enablers will be classified into fourugye of autonomous, dependent, linkage, and

independent (driver) enablers.
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Table 8.14  Final Reachability Matrix
No. Enablers Driving
1 2 3 4 5 6 7 8 9 10 11 12POWer

1 .

Automation 11 1 1 1 0 1 O 1 1 1 1 10
2 Buyer-Supplier relationship and trust ( 1 1 1 0 1 0 0 1 1 1 1 8
3

CPFR o o 1 1 0 1 O 0o 1 1 1 1 7
4 . .

Process integration o o 1 1 O 1 O O 1 1 1 1 7
5

Use of IT tools 11 1 1 1 1 1 1 1 1 1 1 12
6 Logisti .

ogistics planning and O 1 1 1 0 1 O O 1 1 o0 1 7

management
’ Just in time approaches 1 0 0 O 0 1 1 0 1 1 1 1 7
8 Understanding marketvolatiity 1 1 1 o0 o 1 1 1 0 1 0 O 7
° Delivery performance O 1 0 O O O O O 1 o0 1 1 4
10 S

Cost minimization 0 1 0O O 0 0O O 0 0 1 0 1 3
11 T

Quality improvement 0 1 0 O O O O O o o0 1 1 3
12 . .

Customer satisfaction O 1. 0 0O 0O O O O O o o0 1 2

Dependence 4 9 7 6 2 7 4 2 8 9 8 1

8.14 LEVEL PARTITIONS

From the final reachability matrix, the reachaliland antecedent set (Warfield,

1974) for each enabler are found. The reachalsbtyconsists of the element itself and the

other elements which it may impact, whereas thecautent set consists of the element itself

and the other elements which may impact it. Théeeathe intersection of these sets is

derived for all the enablers. The enablers for whbenreachability and the intersection sets

are the same occupy the top level in the ISM hienar The top-level element in the
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hierarchy would not help achieve any other elenadalve its own level. Once the top-level
element is identified, it is separated out from aliger elements (Table 8.15). Then, the same

process is repeated to find out the elements iméxelevel.

Table 8.15  Partition of Reachability Matrix First Iteration

Intersection R

Variable (P) Reachability Set: R (P) Antecedent SetA (P) Level
(P) and A (P)

1 1,2,3,45,7,9,10,11,12 15,7,8 1,57

2 2,3,4,6,9,10,11,12 1,2,5,6,8,9,10,11,12 2,6,9,10,21
3 3,4,6,9,10,11 1,2,3,4,5,6,8 3,4,6

4 3,4,6,9,10,11,12 1,2,3,4,5,6 3,4,6

5 1,2,3,45,6,7,8,9,10,11,12 1,56 15,6

6 3,4,5,,6,9,10,12 2,3,4,5,6,7,8 3,4,6

7 1,6,7,9,10,11,12 1,57 1,7

8 1,2,3,6,7,8,10 5,8 8

9 2911,12 1,2,3,4,5,6,7,9 2,9

10 2,10,12 1,2,3,4,5,6,7,8,10 2,10
11 2,11,12 1,2,3,45,79,11 2,11
12 2,8,12 1,2,45,6,7,8,9,10,11,12 2,8,12 I

This process is continued until the level of edelment is found. Results for iteration

ii-v are summarized in Table 8.16.
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Table 8.16: Partition of Reachability Matrix Secondto Fifth Iteration

iteration | Variable - Antecedent Set: Intersection

®) Reachability Set: R (P) AP) R(P) and A (P) Level
ii 9 2,9 1,2,3,4,5,6,9 2,9 Il
ii 10 2,10 1,2,3,4,5,6,7,10 2,10 I
ii 11 2,11 1,2,3,4,5,9,11 2,11 I
iii 3 3,4 1X2,3,4,5,6,8 3,4 1l
iii 4 3,4,6 1,2,3,4,5,6 3,4,6 "
iii 6 3,4,5,,6 2,3,4,5,6,7,8 3,4,5,6 1l
iv 2 2 2,5 2 v
Iv 7 7 15,7,8 7 v
\Y 1 1,5 1,5, 1,5 \%
\Y 5 5 1,5 5 \%
\Y 8 8 5,8 8 \%

8.15 BUILDING THE ISM MODEL

From the final reachability matrix (Table 8.14)ethktructural model is generated by
means of vertices or nodes and lines of edgeBelttis a relationship between the enablers |

and i this is shown by an arrow which points frota j.

This graph is called a directed graph or digraptlerAremoving the transitivities as
described in ISM methodology, the digraph is fipaibnverted into ISM as shown in Figure

8.6.
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Figure 8.6: ISM showing the levels of SCM agility &riables

For the variables identified in this research tB#Imodel developed depicts that to
make supply chain agile it is imperative to faailit use of automation (enabler 1), ICT tools
( enabler 5 ) among supply chain members thatdvbalp to develop trust among supply
chain partners (enabler 2) and assist in migrafirign short term to collaborative
relationships (enabler 3). Once partners in a sugphin starts sharing information and their
relationships mature on a continuum of collaboratamd partnerships, it would be much

easier for them to achieve delivery performancelféar 9), cost minimization (enabler 10)
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and quality improvement (enabler 11) that couldactpthe whole supply chain else every
member of the supply chain try to optimize and dlanagility that have an impact on its
performance without considering the overall supghigin. This holistic perspective will help
to develop JIT approaches (enabler 7) to enhartegration and agility. But this would also

require alignment of logistics planning and manageifenabler 6) and CPFR (enabler 3).

8.16 MICMAC Analysis

The objective of the MICMAC analysis is to analyttee driver power and the
dependence power of the variables (Mandal and Dekhm1994). The variables are
classified into four clusters (Figure 8.7). Thesfficluster consists of the “autonomous
enablers” that have weak driver power and weak ridgrece. These enablers are relatively
disconnected from the system, with which they hanly few links, which may be strong.
Second cluster consists of the dependent enalflatshtive weak driver power but strong
dependence. Third cluster has the linkage enathatshave strong driving power and also
strong dependence. These enablers are unstalfle fadt that any action on these enablers
will have an effect on others and also a feedbackhemselves. Fourth cluster includes the
independent enablers having strong driving powémmak dependence. It is observed that a
variable with a very strong driving power callee tkey variables, falls into the category of
independent or linkage enablers. The driving poama the dependence of each of these
enablers are shown in Table 8.3. In this tableemtny of “1” along the columns and rows
indicates the dependence and driving power, respeéct Subsequently, the driver power-

dependence diagram is constructed which is shoJigure 8.7).
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Figure 8.7 Clusters of the Entities in the Agilityof Supply Chain Management

As an illustration, it is observed from Table 8th&t enabler 10 (cost minimization)
hasa driver power of 3 and a dependence of 9. Thezefarthis figure, it is positioned at a

place corresponding to a driver power of 3 and@eddency of 9.
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8.17 DISCUSSION AND COMPARISON OF ISM OF INTEGRATION AND

AGILITY VARIABLES

8.17.1 Discussion on ISM of Integration Variables

Ranks of the elements based on their driving powelicate that top management
commitment (1) is the key variable in SCM integyatilt has strong driving power and less
dependence on other variables under study. Infoomatharing has also strong driving
power next to management commitment (1) but contpaig more dependence. Collective
learning (3) and POS information (7) have similavidg power but POS information is less
dependent. Financial resources (2) have less drpawer than other independent variables
but it has least dependence.

ERP (5) and JIT (6) are less dependent on otheablas, JIT tools has less driving power
than ERP. These variables plays less significdatimintegration of supply chain.
Dependent variables are logistics synchroniza®ngrofit sharing (10) lead- time reduction
(14) and customer satisfaction (12) Out of thes&tauer satisfaction (12), profit sharing
(10) and lead-time reduction have strongest depwdeith least driving power. Logistics

synchronization (9) but it shows high dependence

CRM (11) and buyer-supplier relationship (13) ae#l under the category of linkage
variables. These variables are unstable. Any aaiohese variables has great impact on
supply chain integration. These also have feedlefddct on themselves. This shows that
success or failure of CRM (11) and particularly &ugupplier relationship (13) is the

success or failure of SCM integration.
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8.17.2 Discussion on ISM of Agility Variables

Automation, use of ICT tools and understanding rtieket volatility occupies the bottom
level i.e. fifth level in the model (Figure 8.6)h@se variables have high driving power and
less dependence on other variables. Buyer-Suppli&tionship & trust and JIT approach are
placed in the fourth level. Process integrationFRRnd logistic planning and management
are in middle level, normally such variables haveag significance in operation and closely
connected with the performance level variables &i&st minimization, quality improvement
and delivery performance. Customer satisfactionupies the top level that may be the
indicator of the performance and direct or indirejective of all other variables. Customer
satisfaction is the variable on which not only grefit but existence of supply chain lies. To
make supply chain agile bottom level variables @asery significant role. In this context the

variables automation and use of IT tools can baddras foundation enabler variables.

The driver dependence diagram as presented iné-Ryirhelps to classify various enablers
of agility The enabler 8 (understanding market ) is in the category of autonomous
cluster which means management hasn’t much to dthisnenabler using other variables.
Though use of ICT tools helps to understand mavkéitility up to certain extent but still
due to lack of simplified information, a big chaltge among the practitioners is to reinforce
this enabler. The management has to pay an attetticall other identified enablers of
agility. The next cluster consists of independemiables like automation, use of ICT tools
and JIT approaches that have high driving powelitilet dependence. These enablers play a
key role to enhance the agility of a supply chaBenerally, agility in manufacturing
organization has a narrow perspective but knowledgrit agility expands when the whole

supply chain is considered.
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The next cluster consists of those variables thatermed as linkage variables and include
buyer supplier relationship and trust, CPFR, predategration and logistics planning and
management which is influenced by lower level J@ga with high driving power, but these
variables has directly connected to the top levelfggmance enable. The success of
performance enabler lies with effective managenagwlt execution of linkage variable, this
enhance the significance of linkage variables. Soméese linkage variables like buyer
supplier relationship, CPFR and process integratiso needs strategic importance by the

management.

The last cluster includes variables like delivegrfprmance, cost minimization, quality
improvement and customer satisfaction. In thisipaldr cluster, customer satisfaction has
the least driving power and have highest dependanddorm the top most level in the ISM
hierarchy. They represent those variables thatem@tant of the effective agility in a supply
chain. Their strong dependence indicates that tequire all the other enablers to come
together so as to enable them to realize. But #neyimportant as if these enablers that are

finally required by the supply chain to realizegtgcess

8.17.3 Comparison in ISM for Integration and Agility and Managerial Perspective

It is important to integrate the supply chain lbefacquiring agility. It will be easier
for any supply chain to become agile after integraof all entities The ISM developed for
the integration helps the managers and practiton@rdevelop strategies for integration.
Driving variables of the two ISMs’ are top managemeommitment, buyer supplier
relationships, financial resources, automation, oséCT tools and understanding market

volatility. These variables have proven to be nthining variables for integration and agility

273



both. It is interesting to observe that the vaeabl the top in both ISM is customer
satisfaction which is ultimate aim of the efficiesupply chain management. The common
intermediate enablers are CPRR, JIT, Logisticsplanand management. These enablers

can play a role of a bridge to acquire integraiod agility in the supply chain management.

The prime focus should be the integration, and \thgables shown in ISM of
integration need to be used in strategic and tctianning. These are the pre requisite to
attain agility. The efforts to impart agility witho integration may not work in long term.
Practitioners can take advantage by clubbing twd I8 find the hierarchy to fit their
requirements. Based on the objectives of the pm$erand the supply chain they can further

prioritize the enablers.

8.18 MANAGERIAL INSIGHTS OF ISM FOR AGILITY

The analysis of the ISM provides interesting managensights. The model
categorizes the variables selected for supply chgility into five levels. Level 5 has highest
driving power and least dependence. The variabieeuthis category are automation, use of
ICT tools and understanding the market volatilifihese three variables have strategic
implication focus and effective use of these emableelp to achieve the next level of
variables which are normally the operating levetialde such as implementation of JIT
system, buyer-supplier relationship and trust, esscintegration, CPFR and logistics
planning and management. These variables are plecdevel 3 and 4. The effective
management of operating level variable helps tdeaehthe performance indicator of the
supply chain. These indicators have appeared ak 22and level 1 of the ISM.

Buyer-supplier relationship and trust, process grggon, CPFR and logistics

planning and management helps to achieve the suppéyn objective such as cost
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minimization, quality improvement and delivery perhance. These are the performance
indicator if pursued will help to achieve the ultite objective of the business that is
customer satisfaction as appeared in at the levétiie ISM.

The management should focus more on strategic blarihich help to achieve
operational level variable. Effective managemenbpérational variable will facilitate the
performance variable of the supply chain. The perémce variables have low driving power
as compared to strategic variable. This indicated those managers who focus only on
performance variable may not achieve the sustanaulvantage without focusing on

strategic enabler as selected in this research.

8.19 CONCLUSION

The objective of the ISM model in this researchswa develop a hierarchy of
variables that would help to impart agility in sypphain of manufacturing units in India.
These variables assume importance because togapat individual organizations that are
competing rather it is the supply chains. Consetiyénis not particularly one organization
that needs to be agile but all the constituentsupiply chain must enhance their agility. A
supply chain can counter the market variables ieftective manner when all the partners in
that chain trust each other and frequently shaferrmation which is facilitated by
collaborative relationships among the supply cima@gmbers. This can serve as an eye opener

for the manufacturing organizations in India.
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APPENDIX A1 QUESTIONNAIRE

Department of Mechanical and Production Engineering

DELHI COLLEGE OF ENGINEERING, DELHI
Bawana Road, Delhi — 110042 (India)

Research Supervisors Dr. S.K.Garg, DCE
Dr. Ravi Shankar, IIT Delhi

Subject Survey on SCM of Advanced Manufacturing Systems
Dear Sir

The latest development in computer aided design, manufacturing and related technologies with
augmentation with information technology have been directed towards making supply chain integration a
reality. Advanced manufacturing technologies facilitate flexibility, speed, lead time reduction, high
responsiveness to customer needs, early entry in the market, quality and customer satisfaction etc essential
to survive in this global competitive manufacturing industry thereby helpsin making efficient supply chain.
As a part of Ph.D. research we are conducting a survey to assess the status and readiness of industry in
exploiting advanced manufacturing technologies to synchronize the supply chain. To make it possible the
industry and academia must share their views. Y our feedback in this regard will form a significant input to
this study. We request you to spare some time in responding to the enclosed questionnaire
This questionnaire is divided into the following three sections:

Section |: Organizationa Profile
Section I1: Supply chain and AMT issues
Section lll:  Performance measurement

We would be grateful if you kindly fill the questionnaire and sent it back as early as possible. A
self-addressed envelope is enclosed for the purpose. The objective of the survey is purely research and
academic, therefore, al responses will be kept strictly confidential and will be used only for this academic
work

We are aware that you have a busy schedule of work but we do hope that you would be able to
spare some time to help usin the fulfillment of this noble work

Y ours faithfully
(Vivek Chandra Pandey)

Research Scholar

Encl: Questionnaire on SCM of advanced manufacturing systems

318



Questionnaire on SCM

Section I: Organization Profile
1 Name of products/ SEIVICES: e

2. Is your organization is: (a) Original equipment manufacturer [ ] (b) Supplier to OEM

3. Please indicate the number of employees at your organization

(A) Less than 100 [1 (B) 101 to 500 [1 (C) 501 to 1000 [1
(D) 1001 to 3000 [1 (E) More than 3000

4. Please indicate the approximate percentage of employees using Advanced Manufacturing Tools to perform their jobs
(A) Less than 5% [1 (B) 6-25% [1 (C) 26-60% [1
(D) 61-85% [1 (E) More than 85% [1 (F) can't say [1

5. Please indicate your organization’s approximate annual turnover in Rs. of Crores for year 2004-05
(A) Lessthan5b [1 (B) 5to 25 [1 (C) 25to 100 [1
(D) 100 to 500 [1 (E) More than 500 ]

6. Please indicate the approximate trend of profits during the past 3-years
(A) Increased by [1 (B) Increased by more than [1 (C) Almost constant [1

10% per year 10% per year

(D) Decreases [] (E) can't say

7. The average number of suppliers employed for a raw material /out-sourced component in the final product are
(A) Less than 3 [1 (B)3to5 [1 (C)61to 10 [1
(D) More than 10 [1 (E) can't say

Section II: Supply Chain and Advanced Manufacturing Technology related Issues
8. Please indicate your position on supply-chain collaboration with trading partners
(A) Strong believer in collaboration and actively extending our supply chain
(B) Believe in collaboration but use a "go slow" strategy
(C) Interested in collaboration but have other priorities
(D) Not interested in any such collaboration
9. Please rank the competitive strengths of Very low Very high
your organization 1 2 3 4 5
Product Quality
Cost Effectiveness
Responsiveness to customer needs
Service level
Engineering/ Technological expertise
Product Customization

Market share

Sales and Marketing

Manufacturing Strength

Innovativeness

Labor Productivity

Worker Safety

10. Please rank the areas where majority of delays No delay Max. delay
take place in your organization 1 2 3 4 5

Order finalization

Engineering/ planning

Material/ service procurement

Manufacturing/operations

Delivery
11. Please indicate the level of information Hardly Extensively
Sharing with your suppliers? 1 2 3 4 5

Related to purchasing and sales

Inventory status

Product development and future requirements
Sales forecasting

Market developments

Company's future plans

Company's production costs

Technology know-how
Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical & Production Engineering, Delhi College of

Engineering N Delhi-42
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12. Please indicate the level of information sharing Hardly Extensively
with your immediate customers in the supply chain? 1 2 3 4 5

Related to purchasing

Order tracking

Inventory status

Product development

Sales forecasting

Market developments

Company's future plans

Company's production costs

Technology know-how

13. Please indicate the mode of correspondence Hardly Extensively
used by your organization in the supply chain
1 2 3 4 5
Post or Courier
Phone
Fax
E-mail
Websites
Electronic Data Interchange(EDI)
14. Is your organization using following? Using Will be using Will be using Not
now in 6 months in 1year usin
CNC Machine tools
Computer aided design and CAPP software
PLC's or mechatronics devices
Flexible Manufacturing system
Automated material handling devices
Cellular Manufacturing System or Group Technology
Automatic Data Capture Technologies i.e. optical, magnetic,
smart card, machine vision etc.
Enterprise Resource Planning (ERP)
SCM Software
EDI
Robot
Rapid prototyping
Automatic Storage and Retrieval System (AS / RS)
Reverse Engineering / Reverse Tooling
LASER oriented facilities
.Manual/ Automated assembly lines
Automated Inspection Technologies e.g. CMM, Machine
vision, optical
15.Please indicate the level of Advanced Manufacturing- Very low Moderate Significant
related information/ documents sharing with the followings 1 2 3 4 5
Customers
Distributors
Suppliers
Warehouses and logistics service providers
16. Main problems in integrating supply-chain with Strongly Strongly
Internet are disagree agree
1 2 3 4 5

Lack of trained manpower

Insufficient bandwidth

Higher operating costs

Poor service level

Security threats

Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical & Production Engineering, Delhi College of

Engineering N Delhi-42
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17. Benefits observed/ perceived due to AMT-enabled Least Moderate Most
Supply chain 1 2 3 4 5

Increase in turnover

Inventory reduction

Order fulfillment time reduction

Low working capital requirement

Product quality

Reduction in manpower

Reduced transportation cost

Improved relations in the supply chain

Better capacity utilization

Responsiveness

Reduction in suppliers base

Reduced product/material acquisition cost

Reduction in unit cost of product/service

Access to world class suppliers/ service providers

An edge over new entrants in the industry

Better customer service

Postponement of point of product differentiation

18. Please rank the barriers in the AMT- enablement Not a Moderate Significant
of the supply chain barrier barrier barrier
1 2 3 4 5

Resistance to change and to adopt innovations

Low priority by the management

Poor infra-structural facilities like CNC machine tools,
Automated material handling, computers etc

Lack of funds

Lack of awareness about AMT

Lack of trust and faith in supply chain linkages

Disparity in trading partners' capabilities

Fear of information system breakdown

Fear of supply chain breakdown

Low level of supply chain integration

19. Reasons for adopting AMT- enabled supply chain Not Most
Important important
1 2 3 4 5

Pressure of the trading partners

To reduce inventory cost

Quick response to customer needs

Improvement of overall efficiency

Quality and warranty of product

Want early entry in the market

Short product life cycle

Consolidation of market share

Reduce throughput time

20. Use of AMT in following activities of your organization Hardly Moderate Extensively
1 2 3 4 5

Design and process planning

Operation and material handling

Data sharing for design purposes

Measurement and quality control

Purchasing

Collaborative information sharing

Manufacturing scheduling

Logistics operations

Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical & Production Engineering, Delhi College of

Engineering N Delhi-42
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21. Please rank the weightages of following factors in No Full
formulating AMT-enabled supply chain strategy weightage weightage
1 2 3 4 5

Cost-benefit analysis

Competitors' status

Product life cycle

Trading partner's AMT infrastructure and willingness

Organizational changes required

Human factors

Availability of trained manpower

Financial constraints

Government regulations

Upcoming technological developments

Logistics related factors

22. Please indicate the degree of investment in the No Heavy
following supply chain automation tools investment investment
1 2 3 4 5

CNC Machine tools

Automated material handling devices and controls

Local area network (LAN)

Bar coding/Automatic identification

Computer aided design software

Office automation

Employee training

Automated storage and retrieval system (AS/RS)

Supply Chain Software

Enterprise resource planning (ERP)

23. Please indicate the approximate reduction in Purchase lead- time in your organization in the past three
Years
(A) Can't say
(C) 21-40%
(E) 61-75%

(B) 0-20%
(D) 41-60%
(F) 76-90%

———
——
———

24. Please indicate the approximate reduction in order fulfillment (throughput) time in your organization in the past three
Years
(A) Can't say
(C) 21-40%
(E) 61-75%

(B) 0-20%
(D) 41-60%
(F) 76-90%

———
—_——
———
[ —

25. The purchase department of your organization has following decision -aid/ support system, please tick all
that applies
(A) Individual PCs or terminal for staff [1 (B) Mainframe based purchase system [1
(C) Online real-time supplier [1 (D) Purchasing performance [1

information tracking evaluation system
(E) E-mail facility for staff [1 (F) Internet access [1
(G) Automatic release of purchase orders [1 (H) Vendor rating system [1

(Based on inventory level)

26. Out of the total supply chain cost the approximate break-up is:

(i) In-bound logistics %
(i) Materials ... %
(iii) Operations ...%
(iv) Out-bound logistics ...%
(v) Others

Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical & Production Engineering, Delhi College of

Engineering N Delhi-42
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Section lll: Performance Measurement Issues
27 a. Please assign Weight ages to the following indicators with respect to how frequently you are using this in
measuring the performance of your supply chain

Customer service related measures Least Most
1 2 3 4 5

On-time delivery

After-sales service

Increase in customers base

Retention of old customers

Product customization

Better product quality

Ease in tracking of customer orders

Increase in market share

Online receipt of orders

Order fill rate (Percentage of orders that were met when
the demand were made)

Financial measures Least Most

Cost per unit of product

Net profit per unit of sales

Turnover

Return on investment (ROI)

Economic value added (EVA)

Working capital required

Logistics costs

Revenue earned per employee

Internal business measures Least Most

Inventory turnover ratio

Assets utilization

Throughput time

Purchase lead time

Manufacturing lead time

Qutsourcing

Operating cost

Reduced wastes

Plant productivity

Just-in-time environment

Reduction in number of breakdowns

Stabilized master schedule

Accuracy of documentation

Cash-to-cash time

Innovation and other measures Least Most

Low new product development time

Employee turnover

Employees’ skill and training

Manpower requirement

Improved relations within organization

Improved relations outside the organization

Responsiveness

Forecasting accuracy

Few schedule change in supply chain

Total supply chain inventory control

Suppliers sharing the forecasting process

Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical & Production Engineering, Delhi College of

Engineering N Delhi-42
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27 b. Please assign Weight ages to the following indicators with respect to ease in acquiring the information in
measuring the performance of your supply chain

Customer service related measures Least Most
1 2 3 4 5

On-time delivery

After-sales service

Increase in customers base

Retention of old customers

Product customization

Better product quality

Ease in tracking of customer orders

Increase in market share

Online receipt of orders

Order fill rate (Percentage of orders that were met when
the demand were made)

Financial measures Least Most

Cost per unit of product

Net profit per unit of sales

Turnover

Return on investment (ROI)

Economic value added (EVA)

Working capital required

Logistics costs

Revenue earned per employee

Internal business measures Least Most

Inventory turnover ratio

Assets utilization

Throughput time

Purchase lead time

Manufacturing lead time

QOutsourcing

Operating cost

Reduced wastes

Plant productivity

Just-in-time environment

Reduction in number of breakdowns

Stabilized master schedule

Accuracy of documentation

Cash-to-cash time

Innovation and other measures Least Most

Low new product development time

Employee turnover

Employees’ skill and training

Manpower requirement

Improved relations within organization

Improved relations outside the organization

Responsiveness

Forecasting accuracy

Few schedule change in supply chain

Total supply chain inventory control

Suppliers sharing the forecasting process

Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical & Production Engineering, Delhi College of

Engineering N Delhi-42

324



27 c. Please assign Weight ages to the following indicators with respect to perceive usage value in measuring the
performance of your supply chain

Customer service related measures Least Most
1 2 3 4 5

On-time delivery

After-sales service

Increase in customers base

Retention of old customers

Product customization

Better product quality

Ease in tracking of customer orders

Increase in market share

Online receipt of orders

Order fill rate (Percentage of orders that were met when
the demand were made)

Financial measures Least Most

Cost per unit of product

Net profit per unit of sales

Turnover

Return on investment (ROI)

Economic value added (EVA)

Working capital required

Logistics costs

Revenue earned per employee

Internal business measures Least Most

Inventory turnover ratio

Assets utilization

Throughput time

Purchase lead time

Manufacturing lead time

QOutsourcing

Operating cost

Reduced wastes

Plant productivity

Just-in-time environment

Reduction in number of breakdowns

Stabilized master schedule

Accuracy of documentation

Cash-to-cash time

Innovation and other measures Least Most

Low new product development time

Employee turnover

Employees’ skill and training

Manpower requirement

Improved relations within organization

Improved relations outside the organization

Responsiveness

Forecasting accuracy

Few schedule change in supply chain

Total supply chain inventory control

Suppliers sharing the forecasting process

Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical & Production Engineering, Delhi College of

Engineering N Delhi-42
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Respondent Profile

1. Name (optional):
2. Designation in the organization

Your area of work in the organization (Please tick)

(A)  Supply chain [ (B)  Operations []
(© ITIMIS [] (D)  Marketing []
(E)  Technical [ (F)  Any other (specify) ...
4. Your association in years with current organization
(A) Lessthan5 years [] (B) 5-10years []
(C)  More than 10 years []
6. Your E-mail address ~ ......
Contact No.:

Thank You Very Much for Your Valuable Feedback!

Vivek Chandra Pandey (Cell n0.9811335451),
E-Mail: vcpandey 12@rediffmail.com (For any clarification)
Research Scholar. Department of Mechanical and Production Engineering, Delhi College of
Engineering, Bawana Road, N Delhi- 42

Survey on SCM of Advanced Manufacturing Systems, Dept. of Mechanical &

Production Enginering, Delhi College of Engineering.
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SYNOPSIS

1. INTRODUCTION

Since the globalization and economical reformkdha that started in early nineties, cost
guality and responsiveness have assumed an impodiagnin the survival of an organization.
Further short product life cycle is a common pheeoamn now, which has resulted into creating
uncertainty in the business environment. Many cangsa have identified supply chain
management as a way to effectively tackle thesatsins.

Supply chain management is the integration of #\e business processes from end user
through original supplier that provides productrvgee and information that add value for
customer and other stake holder (Lambert et al8)L99

SCM is a set of approaches utilized to efficiemtiggrate suppliers, manufacturer, ware
houses and stores so that merchandise is producedistributed at the right quantities to the
right locations, and at the right time in orderminimize system wide costs while satisfying
service level requirements (Agrawal and Shanka®320So a typical supply chain consists of
suppliers and manufacturers, who convert raw nasemto finished products and distribution
centers and warehouses, from where finished preduetdistributed to customers

SCM focuses on information sharing and better bollation among the supply chain
partners. Some of the benefits of SCM, include,elomventory levels, better responsiveness,
and lower throughput time. Firms may also achiev@me, design, and technology flexibilities
through SCM (Pagel, 1999). These benefits are dece of motivation for the companies in
embracing the concept of SCM.

The objective of every supply chain is to maximike overall value generated in the

delivery of products or services. The value a symplain generates is the difference between



what the final product is worth to the customer #mel effort the supply chain expends in filling
the customer’s request. For most commercial sugipdyn, value will be strongly correlated with
supply chain profitability, the difference betweitie revenue generated from the customer and
overall cost across the supply chain. The higher shpply chain profitability, the more
successful the supply chain. The cash transfer &mldse supply chain’s costs. All flows of

information, product, generate costs within thepdyphain.

2. ADVANCED MANUFACTURING SYSTEMSAND SUPPLY CHAIN

Manufacturing industry has been undergoing throagfubstantial technological growth since
the introduction of numerical control machines alshl years ago (Mukundan, 2003). Changes
due to this growth are primarily because of the oseomputers and automation. Computers
have assisted in the development of numerous iriom& in manufacturing including
miniaturization and automation. In large manufaowiindustries like the automotive industry,
heavy machines industry, computer hardware industryproduct design and development are
now done completely by the computers. Computer diBesign workstations have replaced
drafting tables. Product designers and engineees@AD and Computer aided Engineering
(CAE) systems to create three-dimensional geonattoigjects that can be shaded, analyzed, and
optimized to refine the product design. Manufactgriengineers use Computer-Aided
Manufacturing (CAM) systems for process plannirapl tdesign, and machine programming.
Robots are used to weld structural frames, and otenged numerical processors are guiding
manufacturing tools. Information technology is usedproduction planning, production and
inventory control, sales, market research and &stirtg, and after sales service The sweeping

changes in the computer-related technologies itatieel 990s have brought paradigm shift in the



business environment and strategic thinking ofdfganizations. To remain competitive in this
ever-changing business scenario, the organizatemes focusing more and more on the
globalization of businesses and collaboration & pghoduct development across the value chain
i.e. supply chain. Manufacturing is the centralivaigt that encompasses product, process,
resources and plant. Manufacturing activities actbe enterprises with real time exchange of
information result in the optimization of desigesources and processes, which is in the true
spirit of collaborative product commerce globalty fmaximum profitability. Redesigned best
practices are requisite for the continued healtd gnowth of the industry. Key factors

contributing to this need include:

- Customers demand greater product variety, as wealharter delivery times.

« Outsourcing and supplier relationships are beconmiegeasingly strategic to overall

business plans.

« Fast time-to-market with new products is a requenin

- Manufacturing and aftermarket support must be ctamed not at only at local level but,

globally for maximum profitability.

3 SOME RELATED ISSUESOF SCM OF THE AMS
The literature related to different aspects of SiSMuite extensive. The same is true for AMS.
This section gives a brief overview of literaturethe area of SCM and AMS. SCM literature
can be classified into three broad categories basedethodology:
* Conceptual and non-quantitative models includirgriework, taxonomies and literature
reviews

» Case and empirical studies, and



e Quantitative models.
However, content wise there are some issues (suctfamation sharing, use of technology in
supply chain, logistics related issues, performaneasurement of a supply chain etc.), which
are widely discussed in the literature and havaréid in each of the above three categories.
These issues are presented under the followingestibas.
3.1 Information sharing related issues: The integration and optimization of information
flow is one of the core concerns of SCM (Lee andaw 2000). IT has a substantial impact on
information sharing. The findings of KPMG 1997 ghblsupply chain survey put IT as a major
enabler of SCM (Freeman, 1998). In describing thle of IT in SCM, Chopra and Meindl
(2001) state: “IT enables the gathering and analgkinformation, which can be used to make a
good decision. IT systems can be used to makedriegic, planning or operational decisions in
a supply chain”. IT systems enable companies toenucisions, which are based on real-time
information sharing (Kwan, 1999). Regarding the welT in supply chains, Scala and
McGrawth (1993) have observed that the way IT cdwdddeployed in a supply chain is a
crucial issues and depend on many factors suchasigritg and compatibility of IT tools that
supply chain partners use, level of costs involvattategic alliances among supply chain
partners, level of integration etc. The use of iTai supply chain is not free from obstacles.
Many authors (Kwan, 1999; Kadambi, 2000; Jharkhand Shankar, 2000; Li, 2002) have
identified the issues, which influence the IT-emabént of a supply chain. Some of these issues
are: top management commitment, resistance to ehand innovations, disparity in trading
partners’ capabilities etc. There are some techricanan and managerial issues, which need to
be addressed during the formulation of a strateygythie IT-enablement of a supply chain

(Williams et al., 2002).



3.2 Logisticsrelated issues. Logistics, which is often considered a subset oMS@s a key
role in supply chain management. Realizing its irtgpece, Heskett (1977) had predicted that
globalization would have huge impact on the impwmta of good logistics design and
developments within the corporate strategy. Theauting of logistics activities to a third party
logistics service provider (3PL) is a common pheapnan these days. As IT has the capability to
automate many routine logistics activities, Razeagad Sheng (1998) argue that one of the
most important reason for employing 3PL is theilligbto support clients with expertise and
experience that otherwise would be difficult to @icg or costly to have in house. In logistics
outsourcing mutual trust and information sharingivate the partner companies to collaborate
further for mutual benefits (Bagchi and Virum, 1998irum (1993) analyzed the primary
drivers for an organization to rely on logisticstsnurcing and came up with some points in
favor of logistics outsourcing. These are: bett@mgportation solutions, cost savings and
improved services, need for more professional amdteb equipped logistics services,
development of necessary technological expertidecamputerized systems which is beyond the
scope of many companies, more flexible processewlification of administrative processes,
and access to ready made logistics services whiemiremn new markets. However, despite all
these advantages of outsourcing two-thirds of tlser ucompanies (shipper) experience
significant hurdles in logistics alliances (LiebdaRandall, 1996). According to Greco’s (1997)
survey one of the main reasons for problems instars outsourcing is that these decisions are
not given the strategic attention that they deserve

3.3 Partnership related issues: Supply chain partnership related issues have redeiv
greater attention in the past two decades. In rbgmrd, Hoet al. (2002) have stated that

integration of key business processes in a sugpinds best achieved through collaboration of



business partners. Higher level of shared inforomaand communications among the supply
chain partners lead to improved collaboration arehigr responsiveness in the supply chain
(Daughertyet al., 1995). Reduction in suppliers’ base is an impurtaspect of SCM. The
benefits of reduced supplier base are: lower pyfale product, lower administrative costs and
improved communications (Szwejczewskial., 2001). Many authors have stressed the need of
an information sharing mechanism for the smoottctioning of these relationships (Ball@t

al., 2000). However, many a times the major stakemali¢he supply chain dictates its own
terms and conditions on the other linkages of tingply chain. Munsoret al. (2000) have
observed that major stakeholder may exercise itgepan the following ways: (i) pricing
control, (ii) inventory control, (ii) informationantrol etc. The exercise of such power by the
major stakeholder (original equipment manufactyr&sM) is often targeted at its own interest
but many a time it is used to bring the supply chimkage closer for collaboration.

34  Performance measurement related issues: Performance measurement of a supply chain
is often not given due consideration in the desigd analysis of the supply chains.) The impact
of good or bad performance of any link of the symgtiain is observed on the performance of the
entire supply chain (Keebler, 2001). Beamon (1988 provided a framework for supply chain
performance measurement. In a survey by McMulla@96¢) the most commonly used
performance measures for a supply chain are idestihs on-time delivery, customer
complaints, back orders, stock outs etc. Howerelndia there seems to be no serious attempt
towards the performance measurement of an intejrst@ply chain. The case studies and
interaction with the managers also suggest that sbhpply chain performance measurement

effort in India is at present targeted only at aksegment of the supply chain.



3.5 AMT related issues: In a SCM environment, AMT supported enablers saglilexibility,
data sharing, data processing, training and edugatiommunication, empowerment and job
satisfaction Technological support can impact ornrtriéaship, information technology,
operational flexibility, performance measurementanagement commitment; and demand
characterization, the major dimensions of SCM. @ereg the need for integrated business
processes in SCM, AMT could play a major role inrpoting effective integration of suppliers
and customers along the value chain. Few studie®edound on AMT in SCM. Little has been
done to explore what is needed in the way of ssfgkesnplementation of AMT in the context

of SCM.

There is a need for further research on the agmitaf AMT in supply chain management.

Some general areas for research have been iddnfdiefurther investigation:

. management's role related to AMT in SCM;

. information systems to support AMT in SCM;

. the nature of education and training in suppoAMIT in SCM;

. performance measures, metrics and costing in SGIVAMIT,

. cultural and behavioral issues that influence p@ieation of AMT in SCM.

3.6 Miscdlaneous issues: There are various other issues involved for thescsffe
management of a supply chain such as supply chi@tegy, organizational changes required,
top management commitment etc. McMullan (1996) drashe basis of a survey suggested that
many firms will have to change their organizatiogttlicture to successfully implement SCM.

The amplification of demand variability in the ugstm of a supply chain is a common



phenomenon, which is more visible in the consunaardg sector. This is known as bullwhip
effect. Leeet al. (1997) have identified four major causes of bhlpveffect, which are (i)

demand forecast updating, (ii) order batching,) (@rice fluctuation, and (iv) rationing and
shortage gaming. It is observed and suggested thpsuthat real time information sharing in
the supply chain and improved collaboration amdrg gupply chain partners can effectively

control the bullwhip effect (Leet al., 1997; Lee and Whang, 2000)

4 SUPPLY CHAIN CHARACTERISTICSOF AMS

Supply chain management concerns diverse areas aschldemand forecasting,
procurement, manufacturing, distribution, inventanansportation, and customer services. All
these areas may be dealt under strategic, taabicalerational perspective. Issues like strategic
partnership, flexibilities, responsiveness, and pbupchain performance are contemporary
research issues in the domain of effectivenessigblg chain. In coming paragraph we discuss
few characteristics of competitive supply chairAMS.
41  Supply chain agility

Agility is the business-wide capability that emlwac organizational structures,
information systems, logistics processes, mindséts (Subash, 1999, Power et al., 2001).
Agility is defined as the ability of an organizatito respond rapidly to changes in demand both
in terms of volume and variety (Figure 1.1). Thuglity maximize profit through providing
exactly what the customer requires and reducingsoskile not impeding the ability to meet
customer service requirements. On the other haahness will maximize profit through cost

reduction and providing service suitable for a lsahedule (Christopher, 2000)
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Figure1.1; Agileor Lean (Adapted from Mason-Jones et al., 2000a)

The lean and agile paradigms, though distinctlfed#nt, can be and have been combined
within successfully designed and operated totapuphains (Christopher, 2000; Mason- Jones
and Towill, 1999). Some past studies discuss tipemtance of agility and leanness and supply
chain strategy, particularly considering marketwlealge, though information enrichment, and
positioning of decoupling point combining agilityndh leanness in a supply chain through

strategic use of a decoupling point has been terasetle-agility” (Naylor et al., 1999). The

Decoupling point (represented ¥ in Figure 1.2) is the position in the materiaMflgtream s
at which the customer order penetrates. Theretagile is a combination of the lean and agile
paradigms within a total supply chain strategy trgtegically positioning the decoupling point
SO as to best suit to the need of responding tolatile demand downstream yet providing level

scheduling upstream from the market place (Masoreslet al. 2000b; van Hoek et al., 2001).

10



Diiven by Demand

Driven by Forecast

.

Plants .| Ihstribution .| Warehouses = Depots
Centers

Figure 1.2: Material flow Decoupling points (Adapted from Mason-Jones et al., 2000b)
4.2 Supply Chain Integration

In order to achieve lean or agile supply chaintladl entities of the supply chain need to
be integrated. The difficulty in achieving a totategration is due to dynamic and conflicting
objectives employed by different supply chain parsn However in today’s competitive market
most companies have no choice; they are forcedteyiate their supply chain and engage in
strategic partnering (Simchi-Levi et al., 2008)ragtgic partnership is one of the important
ingredients to facilitate the integration and perfance of a supply chain. A general trend

characterizing buyer-supplier relationships is &t dhom an arm’s length relationship to a
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partnership approach (Lamming, 1986; Ellram, 1990derature on buyer-supplier relation
describes the advantages of a close collaborattween buyer and supplier along the entire
supply chain. Strategic partners share risks angkflis, exchange operational and financial
information, and make joint investments in facd#tiand systems. In that sense, trust becomes a
significant factor in the supply chain integration.
4.3 Supply Chain Flexibility

A key characteristic of an agile supply chain sability to remain flexible to cope-up
with the changes in its environment and also wiifvickery et al., 1999; Prater et al., 2001;
Olhager, 2003). The performance dimensions of gty for a supply chain partner may be
broken down into two capabilities: the promptnegs and degree to which a partner can adjust
to its supply chain speed, destination and volu(Reater et al., 2001). A supply chain partner’'s
agility is determined by how its physical comporsefite. sourcing, manufacturing and delivery)
are configured to incorporate speed and flexibilkg the levels of speed and, more importantly,
flexibility increase, the stage of supply chainliagiimproves. The firm can, to some degree,
make up deficiencies in the speed or flexibilityanfe of the supply chain parts by excelling in
the other parts (Garg et al., 2001). For exampie, delivery part of supply chain may be
inherently inflexible, such as the one found in s@asportation. Supply chain agility may be
increase if the firm is able to compensate for éhsBortcomings by setting up its inbound
logistics (i.e. sourcing) or manufacturing opemasi®o be faster or more flexible. Similarly, if the
speed in outbound logistics is inflexible, highgreed and flexibility in manufacturing and
sourcing could help in compensating for the slowbound operations (Simchi-Levi et al.,

2008).
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4.4 Responsivenessin Supply Chain

Responsiveness of a supply chain is its abilitgdpe up with the changes in customer
demand and yet remain efficient in its operatidResponsiveness, competency, quickness and
flexibility help in improving agility of a supplyhain (Christopher 2000; Goh and Ling, 2003).
The development of strategies for competing orbtmas of agility is crucial for the management
of a total supply chain (Power et al., 2001). Tb\996) expresses this in terms of creating
architecture for “seamless supply chain” whereittatal boundaries between trading partners
are eliminated and they effectively operate akef/tare part of the same organization.

4.5 Trust in Supply Chain

Trust is perceived as a state of readiness for andga interaction with someone or
something (Ba, 2001). Trust is frequently definsdaawillingness to take risk (Mayer et al.,
1995) and a willingness to rely on an exchangenparinh whom one has confidence. However,
in many research works, trust has been more comnstaled as “perceived trustworthiness” or
confidence (Mayer et al., 1995; Moorman et al.,3)98andfield and Bechtel (2002) have stated
that the primary relational requirement for imprdveesponsiveness is the development of
greater levels of trust between purchasing org#éiniza and their suppliers. The nature of trust
and the nature of the business transaction oftepée the relationships. Trust among the trading
partners in inter-organizational relationships ioyas communication and dialogue and creates
common strategic visions (Sahay, 2003).

Now a days supply chain, enabled with latest tGdls, primarily the internet, provide
opportunity for cost reduction while improving thgility and integration of supply chain. But
using the internet as a platform for managing thepk/ chain trading partner inherits a risk of

insecure transaction as websites can be coungstfedentities can be forged and nature of the
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transaction can be altered. Geographic dispersibrirarling partners creates new and
unprecedented opportunities for consumer abusedghréraud and deception. The use of digital
signature has yet not fully guaranteed that thesaggs has come from the person signing it. This
can be due to fact that the institution issuinggigmature has inadequate administrative routine
(Ba, 2001). Therefore, one of the most prevalentas in the introduction of e-commerce system
along the supply chain is its ability to establdynamic and flexible structures for buyer-
supplier relationships and on-line trust that deteistically drive both parties towards strategic

partnerships sand cooperation (Agrawal and ShagkaRg).

SUPPLY CHAIN MANAGEMENT IN INDIA

Worldwide interest in supply chain management inaseased steadily since the 1980s
when organizations began to see the benefits ddlmmhative relationships. This management
concept is however, relatively new in India (Vra898). Prior to ‘liberalization’, India has a
policy of national sufficiency and non-reliance iamports or foreign economic investments that
has designed to protect domestic markets from cotigoes. Protected tariffs, import quotas,
exchange rate controls and regulated licensingcémital goals discouraged innovation, cost
reduction and acquisition of technological cap#ébsi causing inefficiencies, sluggish export
performance, and slow economic growth. By the m#@B0k the Indian government had
liberalized foreign exchange and equity regulatimm&ncourage foreign direct investment. As
the country settled down to the realities of litieedion, there was a quantum leap in economic
growth, which was reflected in Indian industriegal{8y et al. 2003). Liberalization efforts also
increased disposal income of middle class famibgsstimulating credit purchases. Indian

consumers became more demanding for quality predact services forcing enterprises to
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enhance product quality, increase variety, shoperduct development process and improve
services. To remain competitive, Indian industfasd that existing supply chain systems were
not configured to meet the increasing requiremehtonsumers in a newly liberalized economy
(Kapoor and Ellinger, 2004). Increasing uncertaify supply networks, globalization of
business, proliferation of product variety and séoing of product life cycles have forced Indian
industries to look beyond their four walls for @dlbration with supply chain partners (Sahay,
2003). With a gross domestic product (GDP) of dv&r$ 474.3 billions, the Indian Industries
spends 14% of GDP on logistics (Sahay and Mohaf3)20Considering this scenario, it is
necessary to study supply chain practices beingwed by Indian industries and to suggest

areas for improvement.

MOTIVATION FOR THISRESEARCH

Enterprises have now realized that management blgichain is essential for the
survival in the global market and so they focusedirmproving the customer service level,
reducing operating expenses and increasing revgnoweth by effectively managing their supply
chains. Studies have revealed that companies &évat tcompleted supply chain project related to
performance improvement typically enjoy improvenseimt individual supply chain functions
(Cross, 2000).

Following are some of the ground realities thatnpaut the significance of SCM in
current market scenario and motivated to pursusareh in this area:

» Leading international journals liké&cademy of Management Journal, Assembly

Automation, Business process management Journal, California Management Review,

European Journal of operation Research, European Journal of purchasing and
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supply Management, Harvard Business Review, Human Systems Management, |1BM
Systems Journal, IIE Solutions, Industrial and commercial Training, Industrial
management & data systems, Industrial marketing research, Information &
management, Information & software Technology, Information management &
computer security, Integrated Manufacturing systems, International Journal of Agile
Management Systems, International Journal of Information Management,
International Journal of logistics management, International Journal of production
and operational management, International Journal of physical distribution and
logistics management, International Journal of production Economics, International
Journal of Quality and reliability management, etc. are exclusively covering various
issues related to supply chain.

Special issues have been published on SCM by répotenals such as Production
Planning and Control, International Journal of @pens and Production
Management, IEEE Transactions on Engineering Mamagg International Journal
of Technology Management, etc.

Seminars and workshops are being organized glotmabyldress the issues related to
SCM. A number of international conferences addrgssiarious issues , related to
SCM have been held during past few years.

All over the world companies are streamlining th&ipply chains and improving
their relationship with supplier and customers.

Companies are focusing on integration of their sumhain activities in order to
become more agile.

Companies are attempting to minimize bullwhip efteg using advanced IT tools

16



7 RESEARCH OBJECTIVES

The main objectives of this research are:

identification of issues governing enablers andhbitbrs for the effectiveness of
advanced manufacturing system’s supply chain,

study of supply chain issues in advanced manufacfusystems through a
guestionnaire based survey,

development of mathematical models of supply chasues for advanced
manufacturing systems ,

development of a framework for the IT-enablemdrgupply chain for AMS

to model supply chain performance variables relédemhtegration and agility to
capture the effect of integration and responsivenesiables under different

market scenario.

8 RESEARCH METHODOLOGY

Questionnaire-based survey approach: This is used to gain a broad insight of
SCM practices in India (Figure 1.3).

Various statistical tools have been used to anathieedata obtained from the
guestionnaire survey. Descriptive Statistics, iafgial statistics.

Regression analysis, gap analysis and cluster sindtps been done on the data
related to information sharing and performance nmness

Interpretive Structural Modeling (ISM) has been eleped for Integration and

Agility of the Supply Chain Management.
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Figure 1.3: Schematic diagram of resear ch M ethodology

RESEARCH OVERVIEW

A structured questionnaire was developed for cotdgica national-wide survey on
select issues of supply chain management of AMIBdran context. It was developed on a
five-point Likert scale. The questionnaire was daled through a pilot survey and necessary
modifications have been made to get the requirkrmation from manufacturing industries
within the purview of this survey.

Results from descriptive analysis of the questimensurvey have been used to focus on
three important issues of supply chain manageniémse are technology enablement of

SCM, Information sharing in SCM and Performance 8&eament system in SCM. In
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Advanced manufacturing systems, aforesaid issues $ignificant role similar to logistics
related issues in FMCG sector.
Synthesis of the research finding helps to devéfdprpretive Structural Model for

Integration and agility of the Supply Chain in ladiperspective.

CHAPTER PLAN OF THE THESIS
The Organization of the research scheme is depictEajure 1.5. This is followed by brief
description of different chapter, which embody ttasearch.
Chapter 1
It contains an introduction to supply chain managein The growing importance and
relevance of supply chain management in today'stestnhave been discussed in this
chapter. The issues related to supply chain ofath@nced manufacturing system has been
discussed. Some of the important characteristicgshef supply chain of the advanced
manufacturing systems that make it more competitivthe market discussed briefly. The
issues related to agility, integration, supply ahpérformance measure, information sharing
have also been discussed. The status of supplyn ch@nagement being used in
manufacturing systems in India has been preseMetivation of research and objectives of
this research have been presented. Finally ovesviefivthe conducted research and the
methodologies used for this research have beemtegpio this chapter.
Chapter 2
It provides the literature review on different asigeof the supply chain such as integration,
agility, responsiveness, flexibility, trust, infoation sharing, and performance measurement

system. The literature review on the features authrtological requirements of advanced
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manufacturing system have been also included irchiagter. Though the literature review
the limitation and gaps in the contemporary regewiil also be identified which provide the
motivation for the current research work. The chapiresents literature on methodologies
used in this research such as Questionnaire suamdylnterpretive Structural Modeling
(ISM).

Chapter 3

This chapter covers the development of the queasdioa, its structure, source and content
validation. The questionnaire was administered aurfsectors, namely automobile,
machineries, machine tools, and electrical andtreleics. A sample size of 1176 was
selected for administering the questionnaire. In28l6 valid responses were received
resulting in a response rate of 17.51 %. The redgunprofile is also analyzed in this
chapter. The respondents are categorized as drigg@ment manufacturers (OEM’s) and
suppliers, and the observations and results o$tineey are reported in this chapter. Results
of non-response bias test, factor loading, religbanalysis and descriptive statistics are
reported.

Chapter 4

The objective of this chapter is to understandsih@larity/ dissimilarity with respect to the
issues related to adoption of AMT-enablement betweeginal equipment manufacturer
(OEMs) and suppliers, and among different sectatisinvthe Indian. To assess the sectoral
nature different hypothesis has been formulate@s&typotheses have been tested using t-
test and ANOVA. Based on the results of hypothéssting, various aspects of sectoral

differences have been discussed and inferred.
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Chapter 5

This Chapter focused on adoption of Advanced Mastufang Technologies (AMT) and its

effect on supply chain management in India. AMVéhbeen classified into three categories
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(simple, complex and integrated) for the preserdlysis. A general conclusion can be
reached that Indian firms surveyed have high adaptif simple technologies, are going to
adopt complex technologies, and are not yet readiyviest much in integrated technologies.
Factor Analysis is used to identify common compasemong 17 selected AMT that were
surveyed. These technologies can be nicely irgegr by four common factors:
“Expensive”, “production”, “Integration” and “qua&yi’. Discriminant analysis is used to
identify critical benefits of the AMT that contribaisignificantly to the success of supply
chain.

Chapter 6

It presents the issue related to information sigarirhis issue has been widely discussed,
information sharing with customer and informatidrasng with supplier both presented with
its impact on performance and competitive strergjtthe enterprises. Inferential statistics
like t-test and Pearson correlation coefficient leeen used to discuss the results of
information sharing in supply chain. The data frthra responses has been thoroughly used
in this chapter. Different types of information ghg with its relative importance if share
with customer and supplier has been presentedsichiapter.

Chapter 7

This chapter presents the status of Supply Chaimalglament performance measures used by
respondents in the questionnaire based surveyer@ift performance measures variables in
four major categories have been included in thestipnaire. The respondents have been
asked to rate different measures in the Likertescal the basis of their frequency of use,
perceived use value and ease of measurement. Liegaassion model has been developed

to establish the relationships among the threeegati the each variable namely FoU, PUV
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and EoM. Gap analysis and Cluster analysis has theeea to find the relative usefulness of
the different performance measure in the sampladidn manufacturing enterprises.
Chapter 8
Based on the literature review and survey resultSerent variables of supply chain
integration and agility are identified. These valkg have been modeled using Interpretive
Structural Modeling to provide a framework for tefective deployment of management
strategies towards and integrated and agile supplin. On the basis of driving and
dependence power these variable are further categoas independent, dependent, linkage
and autonomous variable. Managerial implicationghef results are also discussed in this
chapter.
Chapter 9
It contains the summary of the conducted reseamncthis thesis, research findings, key
insights from the survey and major implicationglu$ research have also been presented in
this chapter. This chapter concludes with the Atoins of this research work and directions
and scope for further research.
11 CONCLUSION

In this chapter, an overview of context relatedhe research has been presented. The
motivation and objectives of the research have b&sn presented in this chapter. A brief
description of research methodology to be usedhigresearch has also been presented. In
the research overview, a summary of the entirearebereported in this thesis has been

presented.
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CHAPTER -9

CONCLUSIONS, LIMITATIONS AND SCOPE FOR FUTURE WORK

9.1 INTRODUCTION

Since globalization aixktalization SCM has assumed a key position in the
changing world order. Though various aspects of SidMe been extensively researched
during the past few decades, the topic is still aandonsiderable research. The rapid
advancements in different technologies and itsiegipbns towards integration and efficient
management of supply chain have attracted researdbelook into various aspects of
technologies using in a supply chain. The use ofTAMn the Supply chain management
will be a fertile and relatively new area as congpdo Information technology for
researchers. Therefore, it has motivated the relseato pursue research on AMT- enabled
SCM in the context of Indian industries throughugstionnaire-based survey.

The motivation for this research is to understérel complexities in the SCM and
offer some insight. The companies covered in thestjonnaire survey belong to Auto,
Machinery, Machine tools and Electrical & Electramisectors. The outcome of literature
review and questionnaire survey suggests that raatwrfng activities constitute an
important aspect of a supply chain. Many Indian panies are gradually following the
world wide trend of outsourcing their manufacturiagtivities. This trend is getting
momentum because of attractive AMT capabilities 8@iM solutions offered by the global
companies. These capabilities of the provider agsigurther diffusing AMT in a supply
chain. In the light of these features, the propdedion of partners in manufacturing is a

strategic decision.
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Therefore, a framework has also been proposeddnakearch for the integration and agility
of the supply chain. Finally, ISM based framewo#ds tbeen presented to understand the
integration and agility in the supply chain.

9.2 MAJOR CONTRIBUTIONS OF THE RESEARCH

The major contributions made through this researehas follows:

* This research provides a comprehensive review eof ltferature and identifies the
contemporary research issues in SCM in general tandnology-enabled SCM in
particular.

» Sector-wise SCM practices have been identified amalyzed. An attempt is made to
understand similarity/dissimilarity among differesgictors of the Indian industry.

» Several questions related to information sharirgglie®en answered through the statistical
tools using data from Indian manufacturing entesgsi

* Various performance measures has been rated usffegedt criteria’s like their
perceived usage value, frequency of use and easeeasurement. Finally a general
relationship has been established among all thvéiegi@ using regression analysis.

» |ISM has been used to understand the relationshgmgmarious enablers for integration
and agility of supply chain. The ISM-based framekviolentifies the prioritization of the
enablers for supply chain integration and agilityhelps to develop insights among

practicing managers and entrepreneurs.

9.3 KEY FINDINGS FROM THE REASEARCH
The key findings which have emerged from this regdeare:
* More than half of the respondent companies stromgljeve that well integrated

supply chain improve the market share.
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The Indian manufacturing Enterprises are slowlydiaadily following global trends
of centralized and collaborative planning and infation sharing among their trading
partners in the supply chain.

Supply chain performance measurement system ia regular practice in the Indian
Manufacturing Enterprises. There is still a needdévelop much simplified PMS
customized to Indian conditions.

Awareness towards SCM and AMT has been signifigantreased in last few years.
In most of respondent companies the AMT are usetlapg. Still there is lack in
integrated manufacturing system like FMS.

Indian manufacturing enterprises are all set tgpadonple and complex technologies
but they have still to exploit integrated manufaictg technologies.

Information sharing practices are normally one t@ ¢hat can be collaborative in
order to strengthen total supply chain.

The perceptions of OEM’s and supplier to OEM dosighificantly differ in terms of
the practices of performance measurement systems.

The perceptions of the high profit making entegsisand low profit making
enterprises are also not significantly differ émnbs of the practices of performance
measurement systems.

The three widely used areas of information shahage been identified. These are
related to purchasing, order tracking and prodegetbpment.

Better responsiveness, inventory reduction, anérerlfillment-time reduction are the
three most important benefits of AMT- enabled symplain management.

ISM-based framework for integration and agilitysoipply chain have been developed
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9.4 IMPLICATINS OF THE RESEARCH

The findings of this research contribute to thelybof literature on SCM. These findings not
only validate some important and widely discussegpeats of SCM but also set out
interrelationships among many of these aspectsmFaopractical perspective, the analysis
reveals that placing emphasis on information sigaaimd improving buyer supplier relationships
with the help of advanced AMT tools can benefit tbenpanies across the industries. The results
of this research demonstrate that AMT-enablemerat sfipply chain improves its performance
by the lowering of inventory and working capitahée evidences support the objective of SCM
as a comprehensive and vital strategy that cam lantl sustain competitive advantage, which

ultimately lead to good business performance.

9.4.1 Implication to Academicians

» The exhaustive study of various aspects relateAMd- enabled SCM, presented in this
research, focuses on the Indian context. Thereforaay serve as a trigger point for the
further research in the area.

* The literature review presented in this researchidentified gaps in the literature may prove
as a basis for the future research.

* The comprehensive questionnaire developed in ésisarch can be used as an instrument for
further empirical studies in the areas of SCM ati@iosimilar areas.

» The sector-wise study of SCM encourages the acaimito do further research on other

issues where sectors have some differences.
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* In this research ISM has been used as a methodtdogyoritize the enablers of integration
and agility of SCM provider. The ISM has can beyweffective tool in qualitative analysis of

any problem or issue. Academician has an oppostamitise it in their research work.

9.4.2 Implications to Managers

Several important managerial implications emergefthis research.

* The state of AMT- enabled SCM in Indian industraaxl the perception of managers on
various issues pertaining to it enablement of supphins have been elicited.

* The managers may use the ISM-based model to dsegieential priorities to develop agility
and integration of Supply chain. ISM may also usedtrategic planning to decide relative
importance of different enablers. Enablers may #@lsacategorizes in four groups namely
independent, dependent, autonomous and linkageotJ&M can be very useful in various

gualitative analysis.

9.5 LIMITATIONS OF THIS RESEARCH AND SCOPE OF FUTUR E WORK

As with all the research, this study too has somatdtions. In this section we identify
limitations and offer some suggestions for futwesearch.

As with many other empirical studies in SCM, onlgraall segment of the supply chains belongs
to the respondent companies were covered in thegur

Individual measures such as perceptions of theoregmt company about SCM problems etc.
reflect only the opinion of the respondent firmindividual representing the firm based on the
based on the experiences from the entire upstreaidawnstream supply chain members.
However, the direct effects of the higher orderichmembers, such as second or third tier

suppliers or final customers or retailers werediggctly observable.
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Another limitation of the research is the sampleaacentrated in northern and western part of
India, Further; the survey instrument containedtiplel items for each of the factor, which we
attempted to measure. However, due to low factadiltp some items were dropped during
factor analysis.

Another limitation of this research is the relathomogeneity of the mangers in the response
sample. The mangers who responded to the survegse the top managements in their
organization as most respondents are at the seoitions such as vice-president, general
manger, senior manager etc in their firms. Whilsoenogeneous response sample is acceptable
in exploratory studies, the lack of variety in firens and managers in the sample may explain
some of the non-significant and erroneous resolt.example, high — level managers may be the
best source of the strategic information that ishexiged with the trading partner but lower level
managers are more involved in exchanging operdtiomarmation. Therefore, a better
indication of the operational information exchangay come from lower level managers who
are not represented much in the sample. Therdignee research may also include lower level
mangers in collecting the operations- related mftron
In this research, though ISM, a relationship madebng the enablers for integration and agility
in SCM has been developed. Yet, this model hasbeen statistically validated. Structural
equation modeling (SEM), also commonly know asdmstructural relationship approach has
the capability of testing the validity of such hyjpetical model.

Therefore, it may be applied in the future resedrchest the validity of this model.Future
research may also look into the direness amonguwsiindustries in their SCM practices. For

example manufacturing industry may be compared whth service industry or agricultural
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industry etc. future research may also be targébeduantify the impact of AMT on the

performance of an organization and its supply cpaaatices.

9.6 CONSCULSION

In order to develop and maintain competitive adaget Indian enterprise must enhance their
AMT capabilities to design, manufacture, manage @ndrol their products, services according
to customer requirements. They are also need fodos on their SCM practices. In this process
many firms will have to change their organizatiosailictures, relationship with supply chain
members, use of technological tools and performaneasurement systems. The challenge for
the managers is to avoid stagnation and diffuse Adbhg with supply chain practices further
throughout their supply chains. The supply chainnagers will have to decide which
technological tools and policies offer the greastsitegic value for the supply chain.

Supply chain improvement using new technologiesai€ontinuous process; therefore the
research may continue to incorporate new challeageisthe use of technologies in meeting
these challenges. The organizations should contglyaevelop and adjust to the ever changing
environment and technology to survive in the markadian Enterprises need to be focus on
their supply chain agility. As Charles Darwin haghtly said, “It is not the strongest of the

species that survives, not the most intelligent,dne most responsive to change.
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