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ABSTRACT

AN EMPIRICAL INVESTIGATION OF THE CONTRIBUTION OF STRATEGIC
SOURCING TO MANUFACTURING FLEXIBILITIES

By

Ajay Das

Companies are increasingly turning to flexibility as a
competitive strategy in uncertain market environments. Empirical
studies of manufacturing flexibility have centered around the uses
and advantages of advanced technology. Few studies have examined
alternative ways of attaining flexibility objectives. This
dissertation examined the role of strategic sourcing in achieving
manufacturing flexibilities in an enterprise. Specifically, this

research:

e Investigated the 1impact of strategic sourcing on different
dimensions of manufacturing flexibility

e Investigated the inter-relationships among different types of
manufacturing flexibilities

e Investigated the impact of manufacturing flexibilities on
different dimensions of manufacturing performance

A conceptual framework of manufacturing flexibility, and its
antecedents and outcomes, was proposed and tested, using empirical
data. The data were analyzed using structural equation modeling.
The results of the data analysis suggest that strategic sourcing
can be a viable route to the development of mix and new product
flexibilities. The findings also indicated synergies among
different manufacturing flexibilities. Mix flexibility was observed

to have a positive impact on modification flexibility, while



.




modification flexibility was found to have a positive effect on new
product flexibility. The  data also indicated significant
relationships between manufacturing flexibilities and manufacturing
performance. Mix flexibility was found to positively influence cost
reduction, manufacturing cycle time reduction, and delivery
performance. New product flexibility was found to have a positive
impact on new product introduction time and customization
responsiveness performance.

The identification of a positive relationship between
strategic sourcing and manufacturing flexibility makes a new and
significant contribution to theory development in the sourcing and
flexibility literature. The exploration of manufacturing
flexibility inter-relationships addresses another gap in the
flexibility literature. This research also clarifies the role of
manufacturing flexibility in manufacturing and corporate strategy.

For the practitioner, the research results provide direction
on targeting specific manufacturing flexibilities with suitable
supply base strategies. Finally, by examining definite
relationships between manufacturing flexibilities and manufacturing
performance(s), this research provides managerial insights on

leveraging supply chain strategies for competitive advantage.
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CHAPTER 1

INTRODUCTION

Worldwide, highly successful companies have reduced product
development, manufacturing and ramp-up times significantly. The ability
to respond quickly, correctly and profitably to individual customer and
market demands is a highly prized competitive advantage. A recent study
by the Center for Advanced Purchasing Studies (Carter and Narasimhan,
1995) has highlighted the impact of customization and flexibility demands
on sourcing strategies. The results of the manufacturing futures survey
have also clearly indicated the emphasis that manufacturing firms place
on the competitive value of manufacturing and design flexibility,
customization and product variety (Miller 1992). The shift to these
corporate priorities is supported by industry data. For example, the
largest selling car in America in 1969 was the Chevy Impala with annual
sales of 1.5 million. In 1989, it was the Honda Accord with annual sales
of 380,000 units. In the auto industry, the volume per model has dropped
dramatically, while model variety has proliferated to over 600 models
(Wheelwright and Clark, 1992 - a). In the consumer electronics industry,
Sony has introduced in excess of 200 variations of its original Walkman
in the space of a few years, while reducing prices concurrently
(Wheelwright and Clark, 1992 - b).

Product proliferation presents serious challenges to manufacturing
firms under pressure to compete on quality and delivery. With product
life cycles being reduced to a matter of months in some cases, the need
for constant renewal compels firms to be more agile and flexible in their
responses and initiatives (Bessant, J.R., 1989). These trends have led to

the emergence of manufacturing flexibility as a key competitive strategy.
1
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Strategic sourcing has been identified as among the top five-most
significant trends in sourcing and supply management by the 1994 North
American Executive Purchasing Roundtable (Carter and Narasimhan, CAPS,
1995). The increasing strategic reach of sourcing, its evolving role in
developing sustainable competitive advantages and its emergence as a core
competence of firms is illustrated by the increasing dependence of firms
on strategic supply management capabilities for attaining differentiation
advantages (Fortune, 1995). The make/design/buy decision has never been
of greater consequence. A year long international study in 1995 by Arthur
Andersen and The Economist Intelligence Unit found that 93% of
corporations plan to outsource in the next three years and that fully 31%
of such buy decisions will be in the area of production/manufacturing
(Outsourcing Institute, 1996). The study also documents a clear trend
towards the use of suppliers as a competitive tool rather than a means of
cost control.

The need for sourcing to be supportive of corporate competitive
priorities has been stressed by Watts, Kim and Hahn (1992) in their
framework linking strategic sourcing to corporate competitive priorities.
Given the strategic importance of flexibility as a source of sustainable
competitive advantage for the firm, it follows that sourcing must provide
appropriate strategies and action programs aimed at achieving flexibility
goals. There is evidence that manufacturing firms are increasingly
obtaining volume, design and technology flexibilities through strategic
supply base management (Tully, 1994).

However, the contributions of sourcing to the achievement of
manufacturing flexibilities have not been investigated much in the
literature. Empirical studies have centered on the use and advantages of

advanced technology for enhancing/achieving manufacturing flexibility
2
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(Groover, 1980; Gerwin, 1982; Ranky, 1983;; Hayes and Jaikumar, 1988;
Kaplan, 1986). A recent report by Maruca (1993), points out that
technology expenditures may in fact, have had the opposite effect of
making firms less flexible. There is a paucity of empirical studies that
go beyond a cursory examination of the potential impact of sourcing on
flexibility (Carter and Narasimhan, 1990; Johnson and Johnson, 1991;
Takac, 1993). More recently, Suarez et al. (1996) reported a positive
relationship between the degree and relational quality of outsourcing,
and achievement of certain flexibilities in the semi-conductor industry.
The linkage was however, not explored in any detail.

This research investigates the relationship between strategic
sourcing and manufacturing flexibility, explicates the buyer-supplier
interface in such relationships and examines the impact of manufacturing

flexibilities on manufacturing performance.

1.1 Background

What is flexibility? Webster (1990) defines flexibility as the
capacity to adjust to change. Others have characterized flexibility as
“doing things fast” and “being responsive to the market” (Bower and Hout,
1988; Stalk, 1988). Cybernetic theory defines flexibility as the capacity
of a control system to change its system state in response to
environmental variety (Kickert, 1985). Strategic perspectives of
flexibility have been developed, defining flexibility as the capability
to manage “capricious settings” and as the organizational ability to
adapt to “substantial, uncertain, and fast-occurring” environmental
changes impacting firm performance (Aaker and Mascarenhas, 1984; Evans,
1991). A common theme in all these treatments of flexibility is the

notion of adaptability and recognition of the fact that flexibility is as
3






much potential as realized.

Flexibility capabilities, as defined above, may be attained in
different and cumulative ways. Companies may target employee flexibility,
organization structure and processes, and international value chain
portfolio balancing (Kogut and Kutalika, 1994; Das and Elango, 1995).
Investments in manufacturing encompassing structural and infrastructural
areas, such as plant and machinery, product modularization and component
standardization, and supply-base management and development are also
representative of flexibility enhancing actions. Such investments may be
broadly grouped under the rubric of manufacturing flexibility.
Investments in manufacturing flexibility alone may not be enough to
ensure enterprise flexibility in response to market volatility without
complementary activities in human relations, marketing, and performance
measurement and reward systems. However, manufacturing is a key
competency for most manufacturing companies and flexibility research has
converged on this aspect of firm operations (Gerwin, 1987, 1993; Slack,
1990).

Manufacturing flexibility is defined as the ability of a
manufacturing system to cope with changing circumstances (Buzacott &
Mandelbaum, 1985) or environmental uncertainties (Mascarenhas, 1981;
Barad & Sipper, 1988). Flexibility is a multi-dimensional concept. Its
dimensions include sourcing flexibility, machine flexibility, material
handling flexibility, operation flexibility, process flexibility, mix
flexibility, routing flexibility, volume flexibility, expansion
flexibility, program flexibility, production flexibility and demand
flexibility (Sethi and Sethi, 1990; Browne, Dubois, Rathmill, Sethi and
Stecke, 1984; Gupta and Goyal, 1989). There exists appreciable

fragmentation on definitions and unit of analysis in conceptualizing the
4
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construct of flexibility. Additionally, literature subsumes different
levels of flexibility in its discussions of the construct. For instance,
production flexibility can be a combination of machine, process and
volume flexibilities. Similarly, routing flexibility could be a building
block for process flexibility. Time and cost are two important elements
in assessing flexibility (Slack, 1983). Various quantitative and
qualitative measures have been devised to assess the different
flexibility types. Gupta and Goyal(1989) provide a fairly comprehensive
discussion of various manufacturing flexibility concepts and measures
suggested by different researchers in the past. An empirically tested
multi-dimensional measure of flexibility has been recently constructed

and validated by Gupta & Somers (1996).

1.2 Routes to Manufacturing Flexibility

1.2.1 The Role of Advanced Manufacturing Technology

In contrast to the paucity of research in the area of sourcing-
flexibility relationships, there are several studies on the impact of
advanced manufacturing technology on the acquisition of manufacturing
flexibilities are abundant in the literature. Although the gains to be
obtained from advanced technologies may be notably curtailed by lack of
organizational integration (Jaikumar, 1986; Upton, 1995) or by conditions
of firm size, capital inaccessibility or unavailability of technical
expertise (Flynn et al, 1994), enough evidence remains to sustain
findings of positive associations between advanced technologies and
attainment of manufacturing goals in terms of cost, quality, volume and
productivity (Dodgson, 1987; Farley, Lehman and Moore, 1987; Hayes and
Jaikumar, 1991). The central argument seems to revolve around the nature

of intended vs. realized manufacturing gains pertinent to the use of such

5



technologies. Research has shown that many adopters of advanced
manufacturing systems suffer from an ambiguity or mis-direction of goals
for such systems. Although flexibility has been highlighted as the
natural goal of such advanced systems (Parthasarthy and Sethi, 1992),
cost is often cited as the primary (achieved) manufacturing objective
(Adler, 1988). Benefits in labor and product cost reductions to the tune
of 25-88% have been reported in the literature (Hayes and Jaikumar,
1991). Such perspectives fail to recognize and/or elicit the additional
gains of variety, customization and reduced new product introduction
response times due to advanced manufacturing technology (Dodgson, 1987;
Alvarez and Gill, 1994).

An emerging school of thought provides a middle-ground perspective,
in that advanced manufacturing technology is considered to enlarge the
scope of differentiation capabilities and simultaneously reduce the costs
of doing so, perhaps even below conventional plant minimum economic scale
cost levels (Schlie and Goldhar, 1989, 1995). The flexibility framework
of Goldhar and Lei(1995) envisages plants evolving from using advanced
manufacturing technology for cost and modification purposes to ultimately
obtaining new product flexibility capabilities at a competitive cost.

Conventionally, research has addressed the issue of manufacturing
flexibility achievement as essentially one of obtaining and successfully
implementing advanced flexible manufacturing systems (Sethi and Sethi,
1990) . Divergent opinions have been expressed about the key success
factors of implementation of such manufacturing systems, mainly involving
appropriate strategic and organizational changes that should accompany
the new technologies (Goldhar, Jelinek and Schlie, 1991, Upton, 1995).
Integration of technology, human resources, marketing and top management

support is considered vital to successful implementation of advanced
6






technologies (Groote, 1994, Gyan-Baffour, 1994).

Gerwin (1993) suggests that advanced manufacturing technology
represents just one way of delivering flexibility. Subcontracting is
mentioned as an alternative strategy for coping with demand
uncertainties. Other coping strategies include demand management through
effective manufacturing - marketing schedule sharing, maintenance of
slack in the form of inventory and excess capacity, forecasting
efficiencies, and marketing strategies such as sales promotions and other
demand-pattern influencing programs (McCutheon, Raturi and Meredith,
1994).

In summary, researchers have recently begun to look beyond advanced
manufacturing systems, to alternative methods of delivering
flexibilities. Sourcing is one of the relatively less investigated areas

in this regard.

1.2.2 The Role of Strategic Sourcing

Limited literature exists on the role of sourcing in obtaining
manufacturing flexibilities. Recent studies have found significant
associations between sourcing and mix, volume and new product
flexibilities (Suarez, Cusumano and Fine, 1996; Olhager 1993). These
studies show a lack of detail in their investigation of sourcing-
flexibility relationships.

The objective of strategic sourcing is essentially uncertainty
reduction, when faced with supply, competitive, response and demand
uncertainties (Wernerfelt and Karnani, 1987; Milliken, 1987). Strategic
sourcing has been characterized as a corporate response to mitigate
uncertainty by securing improved flexibilities (Johnson and Johnson,

1991). Carter & Narasimhan (1990) describe strategic sourcing as an
7






initiative to build competitive advantage through early supplier
involvement in simultaneous engineering teams, sharing of supplier
technology and supplier assistance in developing product and process
improvements. Strategic sourcing is a way to achieve manufacturing
capacities without incurring investments in capital equipment. Strategic
sourcing has been stated to be an important influence on manufacturing
strategy (Rohlwink, 1988) with positive implications for manufacturing
flexibility (Gupta and Somers, 1996; Takac, 1993; Quinn et al., 1990).

None of this research focuses on the dynamics of the sourcing-
manufacturing flexibility relationship. Clearly, supplier capabilities
can generate competitive advantages of time (Handfield and Pannesi, 1995)
and cost. How exactly such advantages are related to the competitive

priority of manufacturing flexibility is not very well known.

1.3 Research Question and Objectives
This research study addressed the question: what is the
relationship between strategic sourcing and manufacturing flexibility?

The research objectives of this dissertation were to:

e Investigate the impact of strategic sourcing on the achievement of
manufacturing flexibilities

e TInvestigate the inter-relationships among the different types of
manufacturing flexibility

e TInvestigate the impact of manufacturing flexibilities on different
aspects of manufacturing performance

These research issues were investigated by examining hypotheses:

e relating strategic sourcing to different aspects of manufacturing
flexibility

e relating advanced manufacturing technology to different aspects of
manufacturing flexibility. This hypothesis was introduced for control
purposes. The objective was to demonstrate the distinct impact of
strategic sourcing on manufacturing flexibility, separate from the

8
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influence of advanced manufacturing technology.

e relating different dimensions of manufacturing flexibility to various
aspects of manufacturing performance.
1.4 Significance of the Study

The priﬁary research objective was to explore the relationship
between strategic sourcing and manufacturing flexibilities. Another goal
was to gain an understanding of the synergies among different types of
manufacturing flexibilities. A final research objective was to understand
the key influences of manufacturing flexibility on different aspects of
manufacturing performance.

This study advances the flexibility literature in several ways.
Empirical relationships were proposed and tested among sourcing,
manufacturing flexibility and firm performance, filling a gap in existing
sourcing and flexibility literature. The exploration of manufacturing
flexibility interactions addresses another gap in the flexibility
literature. Finally, very few studies have specifically looked at
relationships between manufacturing flexibilities and individual
dimensions of manufacturing performance. These research objectives add to
the body of knowledge on manufacturing flexibility.

From a practical standpoint, the significance of identifying a
potential relationship between sourcing and manufacturing flexibilities
is apparent, given the increasing importance of customization and
flexibility as key competitive criteria. The basic premise of this
research is that strategic sourcing can be a key strategic lever for
accomplishing manufacturing flexibilities. Supply-base strategies would
focus on the selection, development and certification of suppliers with

the requisite competencies to fulfill specific manufacturing flexibility
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targets. Manufacturers can create and support competitive order-winning
competencies by targeting specific manufacturing flexibilities with
appropriate sourcing strategies.

Current views of manufacturing suggest near simultaneous
realization of multiple competencies (Hayes et al., 1994; Roth et al.
1993). The flexibility interactions examined in this study may be
particularly informative for a plant that faces the challenge of rapidly
developing different types of manufacturing flexibilities. Managers
should be aware of the potential complementarities among targeted
flexibilities and factor these into their action plans.

From a strategic perspective, the study involves three distinct
levels. At the corporate level, management drives the choice of
competitive priorities to meet market and technology imperatives. At the
business processes level, these corporate priorities are translated into
cost, time, quality and variety goals. At the functional level,
manufacturing establishes its own objectives in consonance with firm
priorities, and sets appropriate manufacturing goals. Sourcing implements
supply-base strategies designed to fulfill manufacturing and business
priorities. To illustrate, a business strategy of cost reduction would
require reductions in manufacturing costs. Modification flexibility could
enable such cost reductions, by reducing the cost of making minor product
design changes. In turn, modification flexibility may be achieved through
several ways: an effective sourcing strategy consisting of actions aimed
at developing and interfacing a responsive and technologically adept
supply base; the adoption of advanced manufacturing technology; or
through a combination of actions in both areas. Similarly, plants could
attain volume flexibilities by obtaining supplier generated capacity and

quick-response competencies, and/or appropriately configuring and

10
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utilizing advanced manufacturing technology in their production and
design processes. For the manager, each flexibility can have different
drivers and understanding the relevant relationships may be critical to

successful implementation of manufacturing flexibility programs.

1.5 Scope Of The Dissertation

Literature informs that flexibility can be a function of multiple
influences. Besides suppliers and advanced technologies, other likely
variables impacting flexibility are human resource practices, product
modularization and postponement strategies (Das and Elango, 1995; Slack,
1993) . Marketing techniques such as discount pricing, sales promotions
and other dampening techniques are also employed to counter environmental
fluctuations, mitigating the need for flexibility investments (Pine,
1993; Upton, 1995). The current model does not take such factors into
account, and is therefore, somewhat truncated in content and scope.
Admittedly, a expanded nomological network would complicate
interpretation in addition to requiring more research resources. A series
of cumulative studies, manageable and focusing on different causal
relationships at a time, would perhaps be a more feasible alternative.
The research also does not extend its scope to an examination of firm
level performance, for reasons of time and questionnaire length

restrictions.

1.6 Organization of the Dissertation

Chapter 1 of the dissertation outlines the context, describes broad
constructs, research questions and significance of the study. Chapter 2
describes the diverse research streams and literature surrounding the key

constructs, their relationships and their operationalizations. Gaps in
11



the literature are identified and analyzed in this chapter. Chapter 3
develops a conceptual model of the research guestions and the rationale
for the research hypotheses. Chapter 4 describes details research design,
measurement, and sampling and data analysis methodology issues. Chapter 5
develops measurement and path models to examine the hypothesized
relationships. Chapter 6 discusses the results of the data analysis, and
their implications for theory and practice. Chapter 7 concludes the study
with a discussion of the research contributions, study limitations, and

directions for future research.

12
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CHAPTER 2
REVIEW OF THE LITERATURE
The preceding chapter introduced the concept of manufacturing
flexibility and briefly discussed the antecedent roles of sourcing and
advanced manuf;cturing technology. This chapter describes and analyses
the manufacturing flexibility concept, and its antecedents and outcomes
in more detail. First, the conceptual and empirical literature on
manufacturing flexibility is presented. Key antecedents of manufacturing
flexibility investigated in the literature, are identified and discussed.
This is followed by a review of the manufacturing performance literature.
The chapter concludes with a summary of key issues in the flexibility

literature.

2.1 Manufacturing Flexibility

2.1.1 Conceptualizations

Various frameworks have been developed in the literature on
manufacturing flexibility. Suarez et al. (1996) divide the empirical
literature on manufacturing flexibility into four groups, covering
studies dealing with taxonomies, performance, historical and economic
perspectives and literature reviews. Gupta and Goyal (1989) use
theoretical vs. non-theoretical and qualitative vs. quantitative
differentiating criteria in their review of the manufacturing literature.
This research separates manufacturing literature into three broad
categories. The first category includes studies, which attempt to develop
a context for manufacturing flexibility and construct nomological
networks around the construct (Gerwin, 1993; Swamidass, 1987). The second
category comprises research that frames manufacturing flexibility into

system level typologies (Mandelbaum, 1978; Swamidass, 1988). The third
13
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category covers studies that adopt a micro-level approach and taxonomize
the manufacturing flexibility construct into hierarchical, constituent
parts (Gerwin, 1983; Slack, 1990; Suarez et al., 1996). Table 2.1
presents salient research studies within these three classifications.

The contextual literature develops the logic for a relationship
between environmental uncertainty and the need for manufacturing
flexibility. Swamidass et al. (1987) incorporate manufacturing
flexibility as part of manufacturing strategy. Flexibility is represented
by the frequency of new product introduction and the range of product
variety. The study finds significant positive relationships between
uncertainty and strategy (flexibility) and between strategy and
performance. Slack (1988) links the choice of manufacturing flexibilities
to a-priori ranked strategic goals. His framework extends to the
identification of resources necessary to achieve the selected
manufacturing flexibilities. Suarez et al. (1991) present a framework
integrating uncertainty and strategy as a combined influence on the type
and degree of manufacturing flexibility appropriate for an organization.
Methods of flexibility delivery are also discussed and performance is
judged by the degree of flexibility attained relative to that required.
Finally, Gerwin (1993) offers a framework that establishes a feedback
relationship between environmental uncertainty and manufacturing
strategy. Manufacturing flexibility is seen as a strategy to mitigate and
re-define environmental uncertainty through effective use of
manufacturing flexibilities. The majority of the contextual studies share
a common perspective in treating environmental uncertainty as the primary
reason for manufacturing flexibility. Manufacturing flexibility is
envisaged as a response to uncertainty present in the internal and

external environment. The need for manufacturing flexibility is driven by
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the presence of upstream uncertainties such as supplier defaults on
delivery and performance, machine breakdowns, rejects, variable task
times as well downstream uncertainties such as changes in demand, product
mix, price and competitive action (Buzacott and Mandelbaum, 1985; Garret,
1986; Gupta and Goyal, 1989; Zelenovic, 1982). The need for flexibility
increases with increases in such uncertainties (Wharton and White, 1988).
Manufacturing flexibility can be deployed to create uncertainties for the
competition (Swamidass, 1988; Chung and Chen, 1990). Flexibility can also
create competitive advantages for the firm by dampening demand volatility
(Swamidass, 1985; Gupta and Goyal, 1989).

As Gerwin (1993) remarks, uncertainty can be tackled in a variety
of ways. Uncertainties in aggregate demand can be offset by developing
long-term contracts with markets. Product modularization, improved
forecasting, layoffs and production schedule freezing were some other
strategies employed in the face of demand or supply uncertainties
(McCutheon, Raturi and Meredith, 1994). Consequently, manufacturing
flexibility may not always be the strategy of choice when confronted with
uncertainties.

The typology literature views manufacturing flexibility as a
strategic position in several dimensions. Mandelbaum (1978) in his
doctoral dissertation identified two broad classes of flexibility -
‘action’ flexibility and ‘state’ flexibility. Action flexibility refers
to “the capacity for taking new action to meet new circumstances”, while
state flexibility refers to “the capacity to continue functioning
effectively despite the change, with built-in absorbency, robustness or
tolerance to change”. Slack (1983) characterizes flexibility in terms of
three dimensions - the range of states a system can adopt, the cost of

transitioning among these states and the time required to do so. Slack
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(1983) does not combine these dimensions into a structured typology.
Typologies have been developed around the same time describing the short
term and long-term aspects of manufacturing flexibility (Hutchinson and
Holland, 1982; Warnecke and Vettin, 1982; Steinhilper, 1985). These
classificatioﬁs are elementary and uni-dimensional in nature.

Swamidass (1988) developed a three-state typology of manufacturing
flexibility employing a combination of high/low volume-variety tradeoffs.
The framework does not explicitly consider the possibility of movements
along the volume-variety axis. Firms may to able to develop and make
rapid switches between different kinds of manufacturing flexibilities, in
dynamic environments. A high volume-high variety situation may change
into an unanticipated low volume-high variety condition. Different kinds
and combinations of flexibilities are required for each environment. It
becomes important to recognize and understand the inter-relationships
among different manufacturing flexibilities, to facilitate plant
responsiveness to such transitions in the environment. The framework also
fails to consider the possibility of the effect of other than
volume/variety variables on the choice of manufacturing flexibility. For
example, competition on the basis of new product introductions, might
require more that just volume or product variety capabilities. The
ability to quickly develop and manufacture new products, with existing
plant resources, creates the need for new product flexibility. Upton
(1994) added the dimensions of time, mobility and uniformity in
Carlsson’s (1989) classification of operational, tactical and strategic
flexibilities. Frequent changes call for operational flexibility
capabilities as in a flexible machining center. Tactical flexibility is
required in situations where changes are intermittent and not so closely

spaced as in operational flexibility. An example is the switch from cane
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sugar to corn syrup as a sweetener in response to price changes (Upton,
1994). Strategic flexibility relates to significant, permanent changes on
a much broader time horizon, typically anticipating the introduction of
new regulations or technology. GM or Ford gearing up for manufacturing
electric cars in response to California’s emission laws is a good example
of strategic flexibility planning. Mobility, another dimension of
flexibility, is interpreted as the degree of difficulty in transitioning
between states, measured in terms of time and cost. Upton’s (1994)
framework also includes the dimension of “uniformity of manufacturing
flexibility”. Uniformity is defined as consistency of performance in
quality, yield etc., within the flexibility ‘range’ of the system.
Upton’s analysis falls short of a complete typology in that the different
dimensions of manufacturing flexibility were not integrated into a formal
contingency framework.

While these typologies provide (or imply) system-level, generic
frameworks for understanding flexibility, more fundamental analysis is
required to gain a better understanding of the dynamics of manufacturing
flexibility.

The micro-taxonomies describe flexibility in multidimensional
terms. The literature contains many overlapping categorizations and
dimensions of manufacturing flexibility. Among the seminal
classifications is Browne et al.’s listing of 8 kinds of manufacturing
flexibilities. They characterize manufacturing flexibility as:

1. Machine flexibility: The ability to change or replace tools and mount
fixtures without excessive set-up times, facilitating the change process
involved in the production of a parts families.

2. Process flexibility: The ability to vary the steps required to

complete a job, allowing multiple tasks to be fulfilled with a variety of
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machines.

3. Product flexibility: The ability to change over parts/products,
economically and efficiently.

4. Routing flexibility: The ability to vary machine visitation sequences,
with the option of scheduling the same operation on alternative machines
5. Volume flexibility: The ability to operate economically at different
production volumes.

6. Expansion flexibility: The ability to expand production system
capacity.

7. Process sequence flexibility: The ability to interchange the ordering
of several operations for each part type.

8. Production flexibility: The ability to vary part variety, efficiently
and economically.

Browne et al.’s classification was preceded by other
categorizations (Mandelbaum, 1978; Buzacott, 1982; Gerwin, 1982). Later
studies adapted and refined these preliminary taxonomies. Gerwin (1987)
description of mix flexibility coincides with the production flexibility
of Browne et al. (1984). Gupta and Somers (19392) conceive manufacturing
flexibility as a 9 dimensional construct and develop measures for each
dimension. Other classifications developed hierarchies of flexibility
dimensions (Taymaz, 1989; Sethi and Sethi, 1990; Suarez et al., 1996).
Table 2.2 uses Browne’s framework to look at the manufacturing
flexibility nomenclature employed in the literature

The table illustrates the numerous differences and similarities in
defining the various aspects of manufacturing flexibility. It is evident
that identical terminology does not necessarily imply identical meaning.
Some flexibilities are composites of others, and there is considerable

overlap in the scope of the different definitions. Attempts have been
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made to reduce the confusion and reconcile the varied nomenclature (Sethi
and Sethi, 1990). At the same time, additional dimensions of
manufacturing flexibility have emerged in the literature;

1. Delivery time flexibility (Slack, 1983): The ability to deliver a
given production order faster or increase production faster.

2. New product flexibility (Suarez et al. 1996): The ability to create
new products, quickly and efficiently.

2. Material handling flexibility (Sethi and Sethi, 1990): The ability to
move parts efficiently through the manufacturing facility and
manufacturing process.

3. Program flexibility (Sethi and Sethi, 1990): The ability of the
manufacturing system to run untended for long periods of time.

4. Market flexibility (Sethi and Sethi, 1990): The ability of the
manufacturing system to adapt to a changing market environment.

5. Modification flexibility (Gerwin, 1987): The ability to implement
minor design changes in a given product.

6. Material flexibility (Gerwin, 1993): The ability of the manufacturing
system to tolerate unexpected variations in input quality.

Previous studies have proposed different hierarchical models of
manufacturing flexibilities. Each dimension of manufacturing flexibility
relates to a specific hierarchical level and is considered a contributor
necessary to the next higher flexibility level (Taymaz, 1989; Sethi and
Sethi, 1990; Suarez et al., 1996). The ‘machine’ or ‘components’ level
comprises lower order, shop-floor flexibilities such as machine, material
handling and routing flexibilities. The next level builds on the lower
order flexibilities to include volume, mix, process, product and
expansion flexibilities. The highest order of flexibilities consist of

program, market and production flexibility capabilities. The highest
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level reflects the responsiveness of the plant to supply chain vagaries.
Flexibility is thus a function of the unit of analysis - firm, plant,
system or machine, each level building up to the next in sequence and in
complexity, analogous to the ‘general systems theory’ framework
(Boulding, 1956). The hierarchical approach to manufacturing flexibility
has resulted in a proliferation of flexibility dimensions (Chung and
Chen, 1990). Empirical research is needed to gain parsimony and clarity
in this area.

A notable shortcoming of the flexibility literature is the failure
to adequately address the interactions among flexibilities at the same
level. For example, a plant with high mix flexibility could foster
organizational learning and enhance new product flexibility capabilities.
On the other hand, high levels of mix flexibility may conflict with
volume flexibility (Gupta and Goyal, 1989). Similarly, products in the
initial stages of their product life cycle could require volume
flexibility capabilities to meet unforeseen market fluctuations.

Table 2.3 presents a multi-level taxonomy of manufacturing
flexibilities. Based on the literature, the taxonomy improves upon its
predecessors by a) reducing the complexity of the flexibility construct
by accumulating and collapsing overlapping descriptions b) providing
updated literature support and c) enabling analysis of both cross-level
and within-level relationships among different levels of manufacturing
flexibilities.

At the most basic level are the components of operational
flexibility - equipment, material, routing, material handling and program
flexibilities - manifested in machine or shop-floor operations. These
operational abilities cumulatively impact the development of tactical

flexibilities - mix, volume, expansion and modification flexibilities -
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plant level competencies which are formally recognized, understood and
utilized in medium-term tactical responses to change. The highest order
flexibilities are the most abstract - new product and market
flexibilities - long-term strategic capabilities that integrate directly
with marketing and corporate strategies. These capabilities can help
redefine business environments and change the very basis of competition
in an industry (Chung and Chen, 1990).

It is important to recognize that operational flexibilities may be
just one of several sets of drivers for higher order flexibilities.
Gerwin (1993) cautions against an excessive focus on advanced
manufacturing technology versus other methods of delivering flexibility.
Literature reports that infrastructural, organizational and information
technology factors are critical for the attainment of tactical or

strategic level flexibilities (Sethi and Sethi, 1990).

Operational Flexibilities

Equipment Flexibility is an attribute typical of flexible machining
systems. It is defined as the capability of the equipment to perform
different operations within stringent time and cost constraints. Low set-
ups, tool magazines, automated material handling and integrated control
systems enhance equipment flexibility. The term is used synonymously with
the machine flexibility of Browne et al. (1984) and Sethi and Sethi
(1990) .

Equipment flexibility permits reductions in lot-size, machine idle
and inventory, and improves lead times and product quality (Gupta and
Somers, 1996). Multi-axis, multi-purpose CNC machining centers represent
the state-of-the-art in machine flexibility.

The range aspect of equipment flexibility refers to the range of
21



< (3¢

LI
TAST -
Eie

B

Ll
]




parts or operations the machine is capable of handling. The temporal
aspect refers to the time needed to transition from one set of operations
to the next, an optimal situation being one of zero set-up time. The cost
aspect refers to the cost changing between the manufacturing of one part
another, or of changing from one set of operations to another. It should
not be confused with the cost of implementing the machining system.

Material Flexibility refers the capability of the equipment to
tolerate deviations in input quality specifications. A power plant with a
boiler designed to handle extremes in coal sulfur content would be
intrinsically more flexible than one which has more narrow tolerances.
The former would likely be more expensive to install but may pay for
itself in the long run through cheaper inputs, lower maintenance and
fewer breakdowns. Material flexibility is to be distinguished from the
capacity of a piece of equipment to handle a variety of inputs.

Range, in this context, refers to the number and magnitude of
variations from specifications capable of being accommodated. Time refers
to the time it takes to make adjustments to such variations. Cost refers
to the expense involved in accommodating input variations.

Routing Flexibility can be potential or actual (Browne et al.,
1984). Part routes may be fixed with the potential of automatic detours
in the event of breakdowns. Parts may also be actually routed differently
as standard operating procedure, independent of breakdowns. Alternative
routes may consist of different but similar purpose equipment (e.g.
lathes and milling machines), different operations or different sequences
of operations. This interpretation is generally consistent with Browne et
al’s (1984) machine flexibility and Buzacott’s (1982) scheduling
flexibility.

Routing flexibility encourages balanced machine loads and improves
22



re

.-

ISR
RN
il




scheduling efficiencies (Gupta and Somers, 1996). It also mitigates the
effects of machine downtime and breakdowns on production output.

Range here refers to the variety of parts capable of being re-
routed and the average number of re-routing options available for a part.
Time refers to'the time penalties associated with a re-routing, including
both time to re-route and the extra time taken by the alternative process
to manufacture the part. Cost refers the cost to effect the re-routing
and the incremental cost involved in the alternative process.

Routing flexibility subsumes operation flexibility which allows a
part to be made using alternative operations (e.g., ultrasonic cleaning
instead of compressed air blasting) or enables alternative sequencing of
operations in a specific process (e.g. punching --- machining , or
machining --- punching).

Operation flexibility derives from parts design considerations of
modularization and standardization (Gustavsson, 1984; Sethi and Sethi,
1990) . Designs providing similar access to parts surfaces would enable
similar gripping, turning, movement and other basic operational
performance across different machines. Operation flexibility is thus
primarily an attribute of the part and is a component of routing
flexibility. Routing flexibility differs from operation flexibility, in
that a part limited to just one operating sequence could still be
processed using alternative routes that operate different machines
performing the same process. Both equipment and material flexibility can
contribute to routing flexibility.

Material Handling Flexibility is defined as the capacity of the
material handling system to transport, position, store and unload
different parts and raw materials throughout the manufacturing system.

The scope does not extend to logistics systems external to the plant.
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This definition is consistent with the descriptions of Stecke and Browne
(1985), Sethi and Sethi (1990) and Gupta and Somers (1996).

The range aspect of material handling flexibility is the proportion
of material movement paths supported by the handling system relative to
the total number of possible paths. Time refers to the time required to
switch from one handling process to another in the event of breakdowns or
rush jobs. Cost refers to the cost of making such changes.

Material handling flexibility increases machine utilization and
reduces manufacturing cycle times (Sethi and Sethi, 1990). Conveyors,
monorails, towlines, automated guided vehicles, robots, general purpose
pallet fixtures, automatic tool changers, cellular manufacturing, parts
standardization, JIT production systems and layout designs enhance
material handling flexibility in the plant. Material handling flexibility
contributes to routing flexibility.

Program Flexibility may be defined as the capability of the
equipment to operate virtually unattended for a long enough period. It
has been similarly described by Jaikumar (1986) and Gupta and Somers
(1992).

What constitutes a ‘long enough period’ is specific to the
equipment and operation schedule. Jaikumar (1986) chooses the second and
third shifts as critical periods in his study of US and Japanese flexible
manufacturing systems.

Range, for program flexibility, is the proportion of equipment in
the plant able to run without human attention for a long enough period of
time. Time pertains to the average untended time for all such equipment
in the plant. Cost relates to the incremental cost of maintenance and
organizational re-structuring (worker monotony, motivation and reward,

lay-off costs etc.) required to operate such equipment. It does not
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include the cost of the equipment and associated monitoring and control
software.

Program flexibility offers gains in throughput time performance,
better quality and increased capacity (Sethi and Sethi, 1990). It depends
on automation levels, integrated failure detection and control systems
and preventive maintenance procedures. Equipment, material and material
handling flexibilities can promote program flexibility.

Tactical Flexibilities

Mix Flexibility is designated as the ability of a manufacturing
system to switch between different products in a product mix without
major set-ups. Literature provides similar definitions in Gerwin’s (1982)
mix flexibility, Browne et al.’s (1984) process flexibility and Gupta and
Somer’s (1992) process flexibility.

Range in mix flexibility pertains to the variety of different
products capable of being processed by the system. Time refers to the
time needed to changeover from one product to another. Cost refers to the
cost of such changeovers. Suarez et al. (1996) include the elements of
product set heterogeneity and number of final market categories in their
treatment of the mix flexibility concept.

Mix flexibility reduces inventories and aids customization through
set-up minimization and lower batch size (Gupta and Somers, 1992). It can
also reduce plant machine population and contribute to lay-out
efficiencies. It is supported by equipment, material, material handling
and routing flexibilities.

Volume Flexibility describes the ability of a manufacturing system
to operate economically over a range of aggregate output volumes.
Cyclical industries such as furniture and apparel exhibit such

flexibility. From a survival perspective, volume flexibility denotes the
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minimum volume at which the plant can still turn a profit. It is also
indicated in the sensitivity of the average cost curve to changes in
production. Compatible definitions are found in the literature (Gerwin,
1982; Browne et al., 1984; Gupta and Somers, 1992).

The range dimension of volume flexibility represents the range of
volume fluctuations capable of being handled by the system. The average
time required to change between different volumes and the cost of doing
so represent the time and cost aspects of volume flexibility.

Recessions and market booms highlight the need for volume
flexibility. Marketing strategies such as discounting and promotions
create volume fluctuations which demand a volume flexible system. Volume
flexibility draws on operational flexibilities. Flexible manufacturing
systems can permit wide variations in volume without significant
penalties in manufacturing cost. In contrast, chasing demand with labor-
fluctuation strategies or large inventories can lead to increased costs
and morale problems. Subcontracting represents another strategy employed
by industry to attain volume flexibility. Increasing volume by buying
additional equipment was not considered an example of volume flexibility.

Expansion Flexibility contributes to, but remains distinct from,
volume flexibility. It is defined as the capability of expanding the
capacity of the manufacturing system without prohibitive effort. Gupta
and Somer (1996) define expansion flexibility as the extent of overall
effort needed to increase the capacity and capability of a manufacturing
system. Expansion flexibility is manifested in the modular expansion
potential of the system (Browne et al., 1984). Zelenovic’s (1982) design
flexibility is a related concept.

Range refers to the extent to which added capacity can be installed

in the plant. Time refers to the speed with which such expansions can be
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undertaken while cost refers to the transitional costs involved. Typical
change costs may include cost of interruptions in production, lay-out
changes etc. The cost of additional machinery is not included in the
definition.

Expansion flexibility differs from volume flexibility in that
expansion connotes the potential for capacity enhancements while volume
flexibility is bounded by existing capacity. Running overtime or a third
shift is not an example of expansion flexibility, whereas designing a
manufacturing system with built-in potential to expand is. Subcontracting
is another way to achieve expansion flexibility assuming that it is done
for reasons of capacity limitations. Volume flexibility is created
through the realization of expansion flexibility. Once new equipment is
installed, the capacity of the system increases and thereby impacts the
volume flexibility of the plant. Material handling flexibility, routing
and operation flexibility can assist in the quest for expansion
flexibility. Expansion flexibility strengthens market growth abilities
and reduces new product introduction costs (Gupta and Somers, 1996).

Modification Flexibility refers to the ease of producing minor
alterations in product design to meet customization or differentiation
requests. Such design modifications are often seen in response to new
product beta tests and in efforts to resurrect declining product life
cycles.

Range, in this context, means the variety of modifications possible
while the time and cost aspects refers to the speed and economy of making
such modifications.

Modification flexibility is useful for product and market
differentiation efforts and overall market share growth. It builds

substantially from equipment flexibility and material flexibility. It is
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different from mix flexibility in that modification flexibility focuses
on minor design changes to parts/products within a product mix, while the
latter describes the ease of changing production between different
products in a product mix. Supplier assistance in process and product
design and material may contribute to modification flexibility.

Strategic Flexibilities

New Product Flexibility refers to the capability of the
manufacturing system to introduce and make new parts and products, using
existing facilities. It enables the manufacturing system to stretch its
product line and adopt pro-active competitive strategies. Close
definitions can be found in Browne et al.’s (1984) and Sethi and Sethi’s
(1990) production flexibility.

The concept is defined through the aspects of design capabilities,
design change time and design change cost. The time aspect refers to
product introduction ramp-up time while cost refers to the cost of such
preparations (design, prototyping, overtime, production interruptions,
job rescheduling, facility layout rearrangements, orders delayed/lost
etc.). New product flexibility includes design and engineering
activities. It excludes the cost of new equipment and hires needed for
the production launch. It is driven in part by the tactical
flexibilities. Design for manufacturability and supplier involvement in
product and process design may also add to this capability.

New product flexibility is a powerful core competence. It enables
the firm to reduce product life cycles, increase market share and create
uncertainty for the competition. However, concerns have been expressed
about obtaining new product flexibility options through equipment
investments, since future technology or market demands may outstrip

machine capabilities (Gerwin, 1993). In other words, possessing equipment
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flexibility is useful for known technologies and markets, but the same
flexibilities may become obsolete or redundant over a longer time
horizon.

Market Flexibility may be defined as the ease with which the
manufacturing system can adapt to (or drive) market changes. Comparable
definitions are found in Sethi and Sethi’s (1990) market flexibility and
Gerwin’s (1993) flexibility responsiveness. The acquisition of market
flexibility equips manufacturing management with the credentials to
participate in and shape corporate strategy. Companies such as Sony and
Honda have demonstrated strong market flexibility with rapid-fire product
launches and market responsiveness. Chrysler is another case in point,
having redefined the US auto market with its innovative team structures,
sourcing partnership strategies and new product offerings (Dyer, 1996).

In addition to being sustained by new product flexibility, market
flexibility is contingent on achieving operational and tactical
flexibilities. Range, time and cost performance will depend on the
efficiency with which supporting flexibilities are implemented.

A question that arises in the context of the above taxonomy is:
what dimensions of flexibility are important to managers? Slack (1990)
notes that at the manufacturing system level, managers identify five
types of flexibilities - new product flexibility, modification
flexibility, mix flexibility, volume flexibility and delivery
flexibility. The last, delivery flexibility or the ability to change
assumed delivery dates has a degree of interchangeability with volume
flexibility (Sethi and Sethi, 1990). Managers also focus more on response
time than range availability in rating flexibility abilities. Function
has been found to influence managerial perceptions of manufacturing

flexibility. Process and industrial engineers focused on mix flexibility,
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product engineers on new product and modification flexibilities, and
production controllers on volume/delivery flexibility. Purchasing,
marketing and plant level management were interested in all five types
(Slack, 1990). Adler (1988) organizes machine, system and plant level
flexibilities ﬁnder the rubric of process flexibility while mix,
modification and new product flexibilities are collectively described as
product flexibilities. He suggests that although it may be more natural
for engineers to pay more attention to process flexibility issues, the

bigger challenges and opportunities derive from product flexibility.

2.1.2 Inter-Relationships

Figure 2.1 uses the above taxonomy to present potential inter-

relationships among different manufacturing flexibilities.
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Figure 2.1

A Hierarchical Organization of Manufacturing Flexibilities

Suarez et al. (1996) in a preliminary analysis of flexibility

interactions found that mix flexibility seems to add stability to overall
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production levels and consequently could have a negative relationship
with volume flexibility. They also found a significant correlation
between mix flexibility and new product flexibility. Their examination of
the volume flexibility - new product flexibility link suggested a weak
and non-significant relationship. Their results cannot be considered
definitive because of the small sample size of the study (n = 31), the
use of simple correlation analyses and the industry specific nature of
the study. However, their study did indicate the potential for such
interactions and trade-offs among different tactical flexibilities.
Similar cursory discussions of inter-dimensional correlations among
manufacturing flexibility factors can be found in Dixon (1992). Taymaz
(1989) developed an elementary single machine model to determine how
machine flexibility contributes to volume flexibility. He found complex
interrelationships between various aspects of flexibility and production
composition and characteristics. Gupta and Goyal (1992) also suggest the
possibility of an inverse relationship between product flexibility and
volume flexibility in their simulation study of flexibility tradeoffs in
a flexible manufacturing system.

Although flexibility hierarchies have been developed earlier, the
literature does not reveal any systematic attempt to empirically verify
inter-relationships in manufacturing flexibility frameworks. Most
measurement studies are concerned with the individual flexibility level
and do not extend to in-depth interaction inquiries (Gupta and Somers,
1992; Dixon, 1992). Our study conceptualizes manufacturing flexibility
as a multi-level, hierarchical set of operational and higher order
aggregate flexibilities and focuses on the relationships among these
higher order flexibilities. This research gap is a central focus of the

dissertation and is addressed in greater detail during hypothesis
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formulation (section 3.1.3).

2.1.3 Operationalizations

“Operationalizing flexibility is ...... the single most important
research objective” - Gerwin (1993). Literature shows that
operationalizing the multiple perspectives on manufacturing flexibility
remains a difficult task. Gerwin (1993) advances five major reasons for
this. First, there is little agreement on the domain boundaries or
content of the flexibility concept. Second, multidimensionality confounds
scale development and validation. Third, the hierarchical approach to
flexibility necessitates collection of different types of data from
different sources. Fourth, while external validity demands cross-industry
examinations, the intrinsic nature of the flexibility construct makes it
difficult to develop meaningful measures for inter-industry comparisons.
Single-industry studies are far easier to interpret and evaluate (Suarez
et al., 1996; Dixon, 1992). Finally, Gerwin (1993) comments that work on
flexibility measurement is hindered by a lack of communication between
the conceptual and empirical research streams in manufacturing
flexibility.

Despite such difficulties, scholars have endeavored to capture the
various nuances of manufacturing flexibility in quantifiable form. Gupta
and Goyal (1989) review these efforts and construct a typology of
flexibility measures from the literature. They distinguish among measures
based on economic consequences, measures based on performance criteria,
measures employing a multi-dimensional approach, measures based on petri-
net approaches, measures deriving from information theoretic perspectives
and measures based on decision theoretic approaches. Each class of

measures is further broken-down into quantitative and qualitative
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constituents. Table 2.4 adapts Gupta and Goyal’s (1989) framework to
provide an updated taxonomy of the manufacturing flexibility measurement
literature.

A brief description of each class of measure follows. Measures
based on economic consequences measure flexibility by evaluating the
economic effects of a systems capability to meet change. For example,
input gquality variation may cause machine breakdowns leading to
production downtime and losses. The consequences of a lack or paucity of
material flexibility can thus be captured in an economic metric. Buzacott
measured flexibility through the effectiveness (loss/gain) of the system
when faced with changing operating environments. Son and Park (1987)
propose four types of flexibility and measure each by relating it to a
specific cost. For example, equipment flexibility is defined as the ratio
of the physical output of the production system to the idle cost of the
equipment. An aggregate measure of manufacturing flexibility is also
developed in the form of the ratio of the physical output of the
production system to the sum of the costs associated with each
flexibility type.

Qualitative measures based on performance criteria are defined in
terms of performance capabilities. Gerwin (1982, 1985) for instance,
measures mix flexibility as the ability of the production system to
simultaneously process a parts family. Frazelle (1986) and Carter (1986)
measure routing flexibility as the ability to perform operations on
alternative machines, in alternative sequences, dynamically and
efficiently. Azzone and Bertele (1987) partition manufacturing
flexibility into six types and measure each in different ways. Routing
flexibility is measured by the ratio of the manufacturing systems

expected production to the production of a fully operating system.
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Process flexibility is measured as the ability of the system to make
product changes in a prescribed product range, as reflected in set-up
times. Barad and Sipper (1988) segment flexibilities into short, medium
and long-term categories. Long-term flexibilities are considered compound
outcomes of the short to medium-term flexibilities. Measures are derived
from system abilities. For example, operation flexibility is measured as
the ability to interchange the ordering of multiple operations on
individual parts. Machine set-up flexibility is defined as the ease of
implementing machine changes in order to manufacture a given parts
family. Rho, Hahm and Yu (1994) use the dimensions of mix and volume
flexibility to develop a single factor measure of manufacturing
flexibility.

Quantitative measures based on performance criteria have been
developed in the literature. Chatterjee et al. (1984) develop a model of
a manufacturing system consisting of interlinked module centers and
create ratio scales for part mix and part specific flexibilities.
Primrose and Leonard (1986) consider an FMS as a network with work
centers as nodes and allowable parts movements as arcs, a network with
saturated arc connections being considered as a fully flexible system.
Routing flexibility is measured by the ratio of arcs for a particular FMS
to the same number for an ‘ideal’ FMS with an identical number of work
centers. Falkner (1986) proposed to measure machine flexibility by a
plant-wide ratio of set-up time to processing time. Gustavsson (1984)
took a different approach and advocated measuring flexibility in
potential terms. Machine flexibility is thus measured as the ratio of the
investment’s residual value for the next product model to the initial
investment. More recently, Taymaz (1989) developed an average cost

function to quantify volume and machine flexibility in a single-machine
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production model.

The multi-dimensional approach to flexibility measurement is
characterized by formal incorporation of the elements of range, time, and
cost to different performance abilities. Slack (1983) examines individual
flexibilities using these elements. To illustrate, delivery flexibility
is measured as a function of minimum delivery time and the cost of making
delivery changes. Minimum delivery time is given by the sum of the
residual operations times. The cost of making delivery changes is
determined by the stage of the production process the product happens to
be at that time. Slack underscores the difficulty of assessing potential
flexibility, though opportunity costing may provide some estimates. Gupta
and Buzacott (1987) measure the flexibility domain thorough the
sensitivity and stability of the manufacturing system. Sensitivity
defines the amount of change tolerated prior to making corrections to the
system. Stability relates to the range of variations accommodated by the
system without compromising performance. Yilmaz and Davis (1987) also
employ the time element to define different flexibility conditions. Dixon
(1992) develops objective time and cost measures for mix, modification
and new product flexibilities in his study of the manufacturing
flexibility in the cloth industry. Gupta and Somers (1992, 1996) develop
and validate a 21 item, nine factor instrument of manufacturing
flexibility. Suarez et al. (1996) use the dimensions of range, time and
cost in developing mix, volume and new product flexibilities for the
printed circuit board industry.

The Petrinet stream of research models FMS systems rather than
provide direct measures of manufacturing flexibility types. Petrinets
portray a system through a stream of events. A flexible system will

exhibit a different sequence of events from an inflexible system. System
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flexibility measurements are made by estimations of sequence durations
and comparisons between durations of different sequences. Barad and
Sipper (1988) employ this modeling tool to evaluate the operational
flexibility of systems.

The information theoretic approach is characterized by studies
based on entropy measures and information flow attributes of a system
(Kumar, 1987; Yao, 1986). Entropy is defined as measure of randomness or
uncertainty in a system. Kumar (1987) develops four entropic measures to
quantify manufacturing flexibilities. Yao (1986) develops an information
theoretic concept of routing entropy to assess routing flexibility and
builds a principle of ‘least reduction in entropy’ for determining
feasible parts routing choices. Gupta et al. (1989) develop production
center availability based distribution models that provide load
allocations and probabilities for job processing in a given cell.

The decision theoretic approach includes qualitative research which
defines flexibility as a potential goal whose desirability depends on the
managers uncertainty about the future (Mandelbaum and Buzacott, 1986).
Quantitative measures assign economic values to production process
choices (flexibility/cost trade-offs) link the value of flexibility to
the presence of uncertainty (Hutchinson and Sinha, 1989). Flexibility has
no value in the absence of uncertainty. Brill and Mandelbaum (1989)
develop a framework for measuring flexibility using probability theory
concepts. ‘Task sets’, machine groupings and task proportions are
patterned after the probability concepts of sample space, set of events
and random events. Measures are developed for individual machines and
machine cells.

Table 2.5 furnishes flexibility specific measures from the

empirical literature. Simulation/petrinet measures were not included, in
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view of their specificity to individual models and the empirical nature
of this research. The flexibility dimensions were based on the taxonomy
of manufacturing flexibility (Table 2.3).

The literature substantiates Gerwin’s (1993) observations on the
complexity of measuring the manufacturing flexibility construct(s).

Diverse approaches were seen in the literature. Some studies
measure manufacturing flexibility as a single factor, employing factor
analysis or simple averaging to combine the different dimensions into one
underlying variable (Swamidass and Newell, 1987; Fawcett et al., 1996).
~thers have chosen to use independent treatments of manufacturing
flexibilities to model discrete effects in the manufacturing system
(Suarez et al., 1996; Gupta and Somers, 1996). Research definitions and
measures in the literature can be confusing. Some measures fail to take
the time factor into account (Buzacott, 1982). Son and Park (1987) define
equipment flexibility as the ratio of system output to the idle cost of
the equipment. As Gupta and Goyal (1989) point out, high machine uptime
does not necessarily imply output variety. A machine could achieve
misleadingly high scores on equipment flexibility simply by continuous
production of similar parts. Process (mix) flexibility is evaluated by
Browne et al. (1984) in terms of the number of part types capable of
being processed simultaneously. Different part families could be produced
consecutively and still indicate a situation of high mix flexibility.
Very few studies have accounted for item/product heterogeneity in
developing measures of mix flexibility. The lack of sufficient attention
to differences in parts characteristics is a common yet understandable
drawback of flexibility measures. Dixon (1992) and Suarez et al. (1996)
consider this issue in their development of mix flexibility scales -

however, their task is facilitated by the single-industry, similar-
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product nature of their studies. Further confusion is created by the
idiosyncratic combinations of flexibilities seen in some of the
literature. Gupta and Somers (1996) treat market and expansion
flexibility as a single construct and fail to distinguish between
measures for each. Higher order flexibilities such as market and
production flexibilities were often measured as composites of lower order
flexibilities (Son and Park, 1987; Gupta and Somers, 1996). Common
measure variance becomes an obstacle since strategic flexibilities are
measured essentially through their operational/tactical drivers.
Different perceptions of flexibility differences compound the problem.
Dixon (1992) differentiates between new product and modification
flexibility not in terms of new process requirements but in relation to
customer perceptions of product characteristics. New product flexibility
may be therefore be driven by different functional uses of the same
product and not through any intrinsic design, parts or manufacturing
process differences. Marketing could develop different user segments and
the manufacturing system still get credit for achieving new product
flexibility. Mathematical and modeling approaches to measuring
flexibilities have also been critiqued for their intractability with
problems of any real size (Gupta and Goyal, 1989).

In general, deficiencies in flexibility measures can be attributed
to the following reasons:

a) Computational Complexity - an example is Sethi and Sethi’s (1990)

description of Jaikumar’s use of shadow prices to compute product
flexibility through a stochastic mathematical formulation.

b) Difficult to apply across plants - equipment flexibility is assessed

by (Carter, 1986) by the range of tasks, changeover times and changeover

costs. Task difficulty differences were not considered. A truly
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comparable measure would have to focus on similar plants with a similar
range of manufacturing tasks.

c) Difficult to measure - many measures require data that are not

collected routinely. Gupta and Somer’s (1992) measure of material
handling flexibility calls for a quantifiable value for the number of
paths supported by the handling system to the potential number of
possible handling paths in the system. It is difficult to think of a
manufacturing position with ready access to such data.

d) Costly to measure - as data needs become more esoteric and complex,

the cost of collection increases commensurably. Monitoring routing
flexibility would be much more expensive than counting the number of part
types produced in an FMS.

e) Confidentiality of information - a common research problem, featured

again in Suarez et al.’s rationale for selecting the printed circuit
board industry (and not, say the computer industry) for their study.
Apparently, intermediate product manufacturers were less concerned about
confidentiality issues than manufacturers of final products.

f) Not known to management - measures which are difficult to understand

or interpret are likely to be unreliable, even if managers are willing to
part with the information. Estimates of ‘potential’ flexibilities such as
expansion flexibility may be more of optimistic opinion than based on
technological and system attributes.

g) Static vs. dynamic - measures that do not capture the time dimension

of change are static snapshots of flexibility. For example, product line
breadth may indicate mix flexibility at a point in time. A more dynamic
measure would additionally elicit information on the magnitude and

direction of changes in product line breadth over a period of time. This

would, of course, aggravate data collection difficulties.
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h) Long-term vs. short-term - while information on operational and

tactical flexibility measures may be available on a fairly regular basis,
strategic flexibilities such as ‘market flexibility’ are rarely formally
measured. As one manager put it, abstractions do not get the money -
details do.

i) Decline in variance explained - the variance explained in each

flexibility construct by its constituent manufacturing related item
measures may decrease as the level of abstraction increases. Tactical and
strategic flexibilities antecedents could enfold human resource policies,
evaluation systems, supply base competencies etc., in addition to
operational flexibilities (Sethi and Sethi, 1990; Das and Elango, 1995).
Consequently, the impact of unobserved variables may detract
substantially from the overall variance explained in the latent
construct.

j) Multiple respondent requirements - not all the information needed may

be present at one level. Different levels in the organization have access
to information on different levels of flexibility. For example, operators
and supervisors may be more reliable sources for data on operational
flexibilities while manufacturing management may have a better
understanding of tactical/strategic flexibilities. Similarly, senior
executive management may have a much richer appreciation of the strategic
nuances of flexibility competencies.

In terms of statistical rigor and comprehensiveness, the cross-
industry scale of Gupta and Somers (1992) represents perhaps, the state-
of-the-art for measuring different manufacturing flexibilities. They
factor analyze the classification of manufacturing flexibilities by Sethi
and Sethi (1990), into nine distinct factors and develop cross-industry

measures for each. The scales are cross-validated using a separate sample
40



for criterion, convergent and discriminant validity. The scales find re-
use in Gupta and Somers’s 1996 study on strategy, flexibility and
performance relationships. The measures developed by Dixon (1992) and
Suarez et al. (1996) also deserve mention. These studies incorporate
differences in parts/product characteristics in their measures of
flexibility, but are handicapped in being restricted to single
industries.

Notwithstanding the best efforts of empirical researchers, the
issue of how to include parts or process complexity differences in
manufacturing flexibility measures, remains. Single industry studies
enable equivalence in measures and data analysis and facilitate
comparisons of results. Cross-industry research generally cannot go
beyond broad estimates of the degree of difference in parts/products
handled by the manufacturing system. Such differences incrementally
impact the difficulty of change. Measures such as the proportion of new
parts/processes used in new product and modification changeovers and the
degree of product line parts/process commonality for assessing mix
flexibility, may be able to capture a part of the detail necessary to
make plausible comparisons. Trade-offs have to be made between the loss
of comparability and detail in expanded studies, and the external
validity advantages of such studies. A series of case-studies, conducted
with carefully adjusted measures over a range of industries, may provide
more credible comparisons. However, time constraints do not permit such

initiatives within the scope of this research.

2.2 Antecedents of Manufacturing Flexibility
Literature makes a distinction between structural and

infrastructural factors in discussing the antecedents of manufacturing
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flexibility. Slack (1990) offers a framework for analyzing flexibility
which distinguishes between structural and infra-structural resources.
Included in the framework are structural factors of technology and labor
and infrastructural factors of supply base and production control. Slack
(1990) considers both structural and infrastructural resources as
fundamental to the realization of manufacturing flexibility. The key
enabling roles played by organizational structure and information
technology is also stressed by Sethi and Sethi (1990) in developing their
framework of manufacturing flexibilities.

Organizational studies have discussed innovative forms such as
group technology cells, plants within plants and networks that go ‘with
the grain’ of new technologies (Sethi and Sethi, 1990). Lim (1987)
identifies labor flexibility as a infra-structural artifact of
flexibility. Labor flexibility refers to the capability of workers to
perform different tasks and the adjustability of the number of operators.
Swamidass (1988) identifies specific infrastructural factors such as
personnel, training, JIT, data collection and quality control as
important contributors to aggregate manufacturing flexibility. Gerwin
(1993) suggests the use of subcontracting and cross-functional design
teams as alternatives to manufacturing technology in attaining
flexibility in an organization.

The role of structural factors in acquiring manufacturing
flexibilities has been well researched in the literature. Within the
ambit of structural factors are process and product design systems
(Swamidass, 1988). Investigations of the use of advanced manufacturing
technology to attain manufacturing flexibilities have been an integral
feature of the flexibility literature. The seminal analysis by Browne et

al. (1984), of FMS types and their effects on manufacturing flexibilities
42



are challenged by Jaikumar’s (1986) well known explication of FMS
failures in the U.S. Swamidass (1988) considers both process (FMS, CNCs,
AGVs, CAM) and product design factors (CAD, CAE) integral to
manufacturing flexibility goals. Can organizational reshaping lead to
manufacturing flexibility enhancements on its own? It is feasible to
increase manufacturing flexibility capabilities by reconfiguring work
processes and layouts. For example, cellular layouts have been shown to
promote worker flexibility and versatility. Conversely, the failure to
change organizational structure and process in line with advanced
manufacturing technology demands has also been shown to retard successful
implementation of such technology systems. Theoretically, the maximum
payoff will occur when both technology and organization structure are in
alignment. In fact, some operationalizations of advanced manufacturing
technology subsume organizational re-engineering in their measures (Das
and Khumawalla, 1989; Tranfield et al., 1991; Dean and Snell, 1996).

In brief, three broad conclusions can be drawn from the literature
on the structural and infrastructural environment of manufacturing
flexibility. First, manufacturing flexibility is shaped by a diversity of
structural and infrastructural factors, encompassing technology, design,
sourcing, labor and organizational structure. Second, advanced
manufacturing technology such as FMS have historically been the primary
means for targeting flexibility capabilities. Third, among
infrastructural influences, there is a growing recognition of the
potential role of sourcing in developing manufacturing flexibility
capabilities.

This research integrates the literature on flexibility antecedents
into three generic components - sourcing, advanced manufacturing

technology (inclusive of process and design elements), and organizational
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factors of labor and configuration (Figure 2.2). The next sections review

each antecedent relationship in detail.

Sourcing

Organizational
Factors

Advanced Mfg.

Manufacturing Technology

Flexibility

Figure 2.2

The Flexibility Triangle

2.2.1 Sourcing

Faulhaber, as far back as 1967, had discussed the benefits of
supplier design assistance, technology and process expertise in
developing design and manufacturing flexibility. Studies have identified
links between technology and sourcing and between product complexity and
sourcing strategies. High levels of technology, product complexity and
increasing international competition drive sourcing strategies (Baxter,
1986; Hill, 1994). The sourcing patterns of auto companies support
conventional thinking on the issue (Koshiro, 1987).

Sourcing strategies can generate multi-level consortia with built-
in flexibility benefits for member firms. New technologies can be
obtained from new members, underperformers can be dropped/replaced, drops
in demand do not necessarily lead to idle capacity or inventory, lower
overheads and administrative costs afford financial flexibility and
internal resources are freed to focus on core capabilities through the
strategic sourcing process itself (Venkatesan, 1992). Time (response
time) and cost (range over which firm can accommodate changes in market
price) flexibilities are enhanced through best-in-class supplier

capabilities which can enable a firm to reduce uncertainties and cushion
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shocks from unanticipated environmental shifts. Olhager (1993) suggests
that supplier responsiveness can support mix flexibility by maintaining a
dependable material flow of inputs for the product line. For example,
Samsung Electronics derived significant gains in manufacturing
responsiveness from their supplier flexibility program (Park, 1994).
Information sharing with the supply base and investments in supplier
development to reduce cycle times and inventories are key elements of
Samsung’s supplier flexibility strategy. Handfield and Pannesi (1995) in
their study of make-to-order manufacturers reported positive
relationships between JIT purchasing, early supplier involvement in
design, supplier on-time and quality performance, and manufacturing lead
time reduction. Topfer (1995) considers early integration of suppliers in
design and the reduction of internal manufacturing content critical to
product cycle-time reduction strategies. Other studies report consistent
findings of supply base contributions to buyer cycle time reduction and
new product introduction strategies. Mendez and Pearson (1994) advocate
that supplier certification, strategic alliances, supplier involvement in
design, parts standardization and value analysis be included as key
elements in product development programs. Gold (1987) argues that product
development can be accelerated by accessing external sources of
technology - supplier technological capabilities are thus harnessed by
the buyer to reduce cycle time. A reduced supply base, lower number of
purchasing transactions, less material handling, sharing of forecast and
scheduling data and the development of supplier partnerships can aid
buyer responsiveness in high velocity environments. Clark (1989) in his
extensive study of the automobile industry, highlights the role of the
supply base in Japan’s success in this industry. Supplier involvement

(and strong supplier partnerships) according to Clark (1989), account for
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almost 33% of the man-hours advantage and the 4-5 months of lead time
advantage enjoyed by the Japanese auto companies over US automakers.
Nishiguchi (1994) takes a different approach and examines mix, design,
new product flexibility, volume and human resource flexibilities at the
supplier end at fifty-four automotive component suppliers spread across
the US, Japan and Europe. Japanese suppliers demonstrated significantly
superior flexibility capabilities than their US or European counterparts.
Besides being better in such production tasks as die-exchanges, the
Japanese suppliers showed much more manpower flexibility and buyer-
supplier production synchronization and leveling than non-Japanese firms
elsewhere. These supply base strengths enable Japanese auto makers to use
more unique parts, obtain more manufacturing flexibilities and increase
product variety. US industry has taken a cue from the Japanese and
developed kereitsus of American design (Dyer, 1996). For example,
Cadillac has supplier representatives in 75% of its simultaneous
engineering cross-functional teams, while Honeywell co-located its
engineers in Boeing’s work site for the B777 airplane development

(O’ Neal, 1993).

Despite this impressive body of conceptual, anecdotal and case-
based research on the significance of sourcing to manufacturing and
business goals, few studies relate specifically to the manufacturing
strategy level. Beyond directly impacting manufacturing cost and quality
through component cost reduction and quality improvements, sourcing may
also fulfill a larger role in achieving less visible, yet equally
important strategic manufacturing priorities. Manufacturing flexibility
is a strategic priority in many industries today and sourcing presents a
potential way to obtain it. One research objective is to understand the

impact of sourcing on the capability of the plant to change with
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efficiency - change between manufacture of customized products, change
by introducing new products or change between different production
volumes - and not on supplier price reduction contributions to
manufacturing cost reduction. It is the ability of the supply base to
respond to thé demands made by changes in the buyer’s plant that
contributes to the effectiveness with which the buyer’s plant makes
these changes. To illustrate, consider the case where a supplier “value
engineers” a design simplification and reduces the price of a component
of a specific product in the buyer’s product mix. The cost impact of
the change can be usually quantified without much difficulty and
related to overall buyer manufacturing cost. Another supplier offers a
wider variety of design changes for other components but does so
without offering price reductions. In a customization driven market,
the latter supplier would be more valuable to the buyer, because of the
supplier’s contribution to the buyer’s ability to customize product
offerings. The former contributes primarily to manufacturing cost
reduction performance - the latter contributes to manufacturing
flexibility capabilities. Sourcing’s contribution to manufacturing
flexibilities thus may be distinct and separate from its impact on
direct manufacturing metrics such as cost or component quality. This
research examines sourcing’s impact on a plant’s ability and cost of
being able to effect and sustain rapid change to market and consumer
demands. In doing so, manufacturing flexibility is abstracted as a
plant level strategic manufacturing capability that captures the impact
of sourcing ( and technology) on a plant’s cost time, and range of
change. The basic premise of this dissertation is that careful
selection, development and integration of suppliers will contribute to

the manufacturing ability to make increased changes, without incurring
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significant time or cost penalties.

While studies have discussed the importance of strategic supplier
involvement and management (Monczka and Morgan, 1992; Bhote, 1989), the
linkage between sourcing and manufacturing flexibility has been typically
considered only peripherally, as part of a larger research schema (Carter
and Narasimhan, 1990; Rohlwink, 1988). Slack (1983) suggests that the
ability of the materials management function to ensure material supplies
in new product or high volume-flux environments was critical to the
realization of product, mix and volume flexibilities. More recently,
Gupta and Somers (1996) mention supplier alliances as a means for
acquiring manufacturing flexibility but do not develop the topic further.
In another study conducted by Suarez et al. (1996), the level of assembly
outsourcing is positively linked to volume, mix and new product
flexibilities. However, the empirical framework of the study does not
explicate the nuances of these associations.

The literature thus lacks studies that investigate the
relationships between sourcing strategies and manufacturing flexibilities
in any detail. Very little is known about the characteristics, enablers
and key success factors of such relationships, beyond an acknowledgement

of their probable existence.

2.2.2 Advanced Manufacturing Technology

The term “advanced manufacturing technology” includes a wide
variety of computer controlled systems used for design and manufacture.
The key feature of such systems is their capability to link individual
machines and manufacturing processes together through local area
networks. Advanced manufacturing technology can be viewed as a continuum

of integrated automated process technologies, anchored by standalone
48



"y

"

woe

«h

v

N ' . f
a 0] S %
K I r 2
v o © "

.

.
~.



numerical controlled (NC) machines and computer integrated manufacturing
systems, respectively. A computer integrated manufacturing system is also
called a flexible manufacturing system, integrating automated material
handling systems, robotics, NC and CNC machines and group technology
through a hierérchical network of computers (Sharit and Salvendy, 1987).

Previous research has found inconsistent relationships between
advanced manufacturing technology and ﬁanufacturing flexibilities. Kochan
(1984) found that lead times were reduced an average of 50% after FMS
were installed. Swamidass (1988) identified flexible manufacturing
systems, computer aided manufacturing and computer aided design as key
enablers of manufacturing flexibility goals. Flexibility has been
emphasized as the objective of advanced manufacturing technology in the
works of Browne et al. (1984), Meredith, (1988) and Lei and Goldhar
(1990). Similar opinions were advanced by Parthasarthy and Sethi (1992)
who consider advanced manufacturing technology to be best suited to
strategies emphasizing flexibility. In contrast, Dean (1987) found that
cost reduction is frequently the dominant reason for implementing such
systems. In fact, Dean and Snell’s (1996) failure to find a statistically
significant relationship between advanced manufacturing technology and
flexibility strategy performance, lends support to claims about the
inappropriate utilization of such systems. Another practice is to
overorder and then under-utilize new technologies, mirroring a lack of
strategic clarity on the part of management (Adler, 1988). Ettlie (1988)
examined much of the empirical research on the capabilities of advanced
manufacturing technology components and found documented positive effects
of robotics performance in the areas of costs, productivity and payback.
CAD technologies were found to typically result in significant

productivity gains. CIM technology performance was reported primarily in
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terms of inventory reduction and decreases in scrap and re-work. These
conclusions lend support to claims that advanced manufacturing technology
is seen as a collection of labor saving mass production techniques
employed primarily for cost-cutting, not revenue generating purposes
(Jaikumar, 1986; Zuboff, 1988; Susman and Dean, 1989). It is thus
important to realize that advanced manufacturing technology may be
adopted for other than flexibility reasons. Upton (1995) mentions
information monitoring capabilities and quality gains as some non-
flexibility targets of these systems.

Even where flexibility is the touted aim of advanced manufacturing
investments, required accompaniments in human and organizational factors
are not implemented, leading to what Upton (1995) calls the “unfulfilled
promise of CIM”. Unanticipated pay-offs result in the form of cost and
productivity improvements while the intended flexibility goals remain
unrealized. Realized results could therefore be used to create a post-hoc
rationale for technology expenditures - a distinct possibility in short-
term performance evaluation environments. Longitudinal studies are
required to better understand such subtleties between intended and
realized advanced technology applications.

There is another stream of research which takes a less contentious
view of the rationale for adopting advanced manufacturing technology. Lim
(1987) studied flexible manufacturing systems in the U.K. and found that
reduction in labor costs was only one of several reasons for investments
in such systems. External stimuli in the form of customer or competitor
demands triggered these investments in the majority of cases. Flexibility
was considered a system objective but managers were unclear on the
precise nature of their flexibility needs and the extent to which

existing advanced manufacturing technology satisfies those needs. Lim
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(1987) found moderate to high levels of product and process flexibilities
but low levels of routing flexibility among the plants in his study.
Dodgson (1987) reported multiple gains from implementing advanced
manufacturing technology in small manufacturing companies, including
improved product flexibility, faster response times, reduced
manufacturing cycle times and lowered costs. Case studies such as
O’'Toole’s (1985) analysis of Deere and Company and Goldstein and Klein’s
(1987) report on Allen-Bradley offer evidence of flexibility and
productivity gains. Ayres and Butcher (1993) suggest that advanced
manufacturing systems offer major gains in terms of greater flexibility,
lower cost and higher quality. Corbett and Van Wassenhive (1993) argue
that reducing manufacturing fixed costs should be a goal of advanced
manufacturing systems in addition to flexibility missions. Indeed, the
case for combined cost-flexibility advantages underlies Goldhar and
Jelinek’s (1983) “economies of scope” justification for flexible
manufacturing plans.

A certain amount of trade-off between variety and volume is always
present in the choice of advanced manufacturing technology. Some
relatively dedicated flexible manufacturing systems may make four
different part types while more general purpose systems can turn out upto
500 parts per part family (Blumenthal and Dray, 1985). Advanced
manufacturing technology is well suited for batch manufacturing
environments, particularly for batch sizes of 100 or below, but are
generally limited in the variety of shapes and input materials each
system is capable of handling (Handfield and Pagell, 1985). Hence,
advanced manufacturing technology typically represents an economically
acceptable middle ground between dedicated equipment with high volume/low

cost attributes, and general purpose job shop arrangements with low
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volume/high cost features. High velocity operating environments requiring
flexibilities of volume, mix or product suit the use of such advanced
manufacturing technology. The benefit of a relatively flat average cost
curve across multiple volumes and varieties is important only when market
fluctuations are present or induced. In summary, the literature on
advanced manufacturing technology’s relationship with manufacturing
flexibilities displays consensus on three issues:

1. Flexibility is a natural objective of advanced manufacturing
technology, but companies may have alternative/additional non-flexibility
goals.

2. The full potential of advanced manufacturing technology may not be
realized without concurrent adjustments in other organizational areas.

3. Advanced manufacturing technology has definite domains of volume and
variety flexibilities. The choice of technology should reflect a good fit
between range and response needs and the nature of flexibilities

required.

2.2.3 Organizational Factors

Literature documents failures to obtain clear benefits from
advanced manufacturing technology. Fleck (1984) reported that a
significant proportion of sampled Australian manufacturers abandoned
robotics technology because of implementation problems. Similarly, in a
survey undertaken by Deloitte and Touche, only 29 percent of American
manufacturing executives perceived significant benefits from advanced
manufacturing technology (Sheridan, 1990). At the same time, industries
rank flexibility as a priority goal and are concerned about successful
implementation of advanced manufacturing technology (DeMeyer et al.,

1989). There is a growing consensus that flexible organization structures
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are required to obtain the benefits of advanced manufacturing technology
(Bessant and Buckingham, 1989; Ettlie, 1988; Walton, 1989; Zammuto and
O’ Conner, 1992). Previous research has examined the implications of
organizational form and structure and process for the achievement of
manufacturing flexibilities.

Zammuto and O’Conner (1992) describe two key structural strategies
through which organizations attempt to address the complexities of
advanced manufacturing technology implementation. They suggest that
organizations choose between “control-oriented design” vs. “flexibility-
oriented design” strategies. Control oriented designs centralize
decision-making power at the managerial level, routinize operations for
the worker and reduce the need for high operator skill levels. Highly
“mechanistic” organizational structures develop consequently with
expertise and information theoretically located in the upper hierarchies
of the organization (Burns and Stalker, 1961). Although productivity
gains may be possible in such an organizational system, because of lower
training needs and negligible turnover effects, centralization of
responsibilities retards organizational learning. Problems may accumulate
at the machine level, causing production delays and deterioration, before
being funneled up to the concerned decision authority. Little initiative
or opportunity remains for the worker to acquire or apply decision making
capabilities, even in routine situations. Almost no contribution can be
expected at the operator level when faced with non-routine situations
created by operational uncertainties. Therefore, the mechanistic
structures created by control design strategies are not likely to be
compatible with the flexibility requirements of an uncertain business
environment.

Zammuto and O’Conner (1992) present an organizational design
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alternative in the form of “flexibility oriented” strategies, that
decentralizes decision making at the problem site level. Worker learning
is encouraged and developed thorough information sharing, cross-training
and process teaming in the enterprise. Thus the overall effect of
empowering lower hierarchical levels accelerates organizational learning
and enhances response time capabilities (Hirschhorn, 1984; Zuboff, 1988).
Companies have been experimenting with different organizational
arrangements such as group technology, parallel assembly cells, network
teams etc. to acquire fast response capabilities. Sethi and Sethi (1990)
call these “experiments in product-focused forms”, organized around
processes not functions. Jaikumar’s (1986) study of 95 FMS systems
advocated small, technologically proficient cross-functional teams for
successful flexible manufacturing system design and operation. Similar
organizational designs have been advocated elsewhere in the literature
for high velocity, high uncertainty environments (Mintzberg, 1979;
Meredith, 1987; Parthasarthy and Sethi, 1992). The development of such
integrating mechanisms gives rise to what Burns and Stalker (1961) called
“the organic” organization. An organizational configuration that nurtures
lateral communication, openness and cross-functional teaming engenders
speed and efficiency in incorporating successively more sophisticated
technologies (Goldhar and Lei, 1995). Flexibility oriented designs can
catalyze the success of advanced manufacturing technology in responding
to market and product flux. Indeed, as Krafcik (1988) reports, companies
with organic production management structures were found to outperform
firms with more advanced manufacturing technology but more rigid
organizations. Gyan-Baffour’s (1994) study of 268 manufacturing companies
found that firms with high levels of advanced manufacturing technology

tend to have high levels of employee involvement in strategic decision
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making, training and information sharing. However, evidence exists to
indicate that operator skill requirements for advanced manufacturing
technology range from a downskilling approach at one end of the spectrum
to job-enrichment at the other. Many systems use entry-level workers for
loading/unloading, cleaning and low-level maintenance tasks but rely on
highly skilled, multi-functional system attendants/supervisors to monitor
and attend to machine needs (Graham and Rosenthal, 1986). Often, one
supervisor/attendant may be in charge of more than one advanced
manufacturing machine system. Flatter hierarchies, multi-skilling/de-
skilling (no need to set-up, tool change manually etc.), lesser direct
supervision and increased coordination mechanisms are some specific
characteristics of the new organizational model formed by Tranfield et
al. (1991) in their case study of advanced manufacturing technology
implementers in the U.K.

Organizational structures can thus moderate the impact of advanced
manufacturing technology on flexibility goals (Gerwin and Tarondeau,
1989) . Such structures though can be difficult and expensive to build,
involving substantial employee re-training, manager re-education and re-
orientation of organizational values (Zammuto and O’Conner, 1992). The
potential gains from reorganization have to be considered against the
estimated costs. Operator re-training can be an important mechanism for
generating flexibility, building confidence, esprit de corps and new
vision in workers. Equally important can be the alignment of employee
measurement and motivation systems with manufacturing goals and top
management commitment to deal with the organizational requirements for
technology implementations(Upton, 1995; Goldhar and Lei, 1995).

Two key conclusions can be drawn from the organizational literature

in the context of this research:
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1. Companies should not expect to develop manufacturing flexibility
advantages through the use of advanced manufacturing technology alone -
complementary actions need to be taken in organizational design and human
resource policies to enable successful implementation of these
technologies

2. Organizational designers should recognize the manufacturing
flexibility implications of positioning themselves at a point on the

Burns and Stalker (1961) bi-polar “mechanistic - organic” continuum.

2.3 Sourcing

2.3.1 Strategic Sourcing

Strategic sourcing can be defined as the integration of specific
sourcing strategies with the business goals of an enterprise. Carter and
Narasimhan (1995) draw a useful distinction between “sourcing strategies”
and “strategic sourcing”. While strategic sourcing will involve the use
of sourcing strategies, not all sourcing strategies qualify to be
included in the domain of strategic sourcing. Sourcing strategies
comprise sourcing practices, the sourcing function engages in, to achieve
its own objectives. For instance, sourcing might pursue a strategy of
supply-base rationalization or supplier certification. While this might
be an integral part of overall sourcing plans, it may not necessarily
mean that sourcing is contributing to the strategic goals of the
organization. As Carter and Narasimhan (1995) point out, only those
activities and strategies that fundamentally support the business
priorities of the firm qualify to be included under the rubric of
“strategic sourcing”. Strategic sourcing establishes a visible and strong
link between sourcing plans and actions, and the fulfillment of business

goals. It becomes possible when sourcing becomes a participant in the
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strategic planning processes of a firm and impacts key policies at both
corporate and functional levels. It is accomplished by the careful
selection of specific sourcing strategies which can be directly related
to the achievement of business level goals. Much of the conceptual
literature shares this perspective on ‘strategic sourcing’, variously
described as “worldclass purchasing”, “integrative purchasing”, and
“strategic management” (Bhote, 1989; Reck and Long, 1988; Freeman and
Cavinato, 1990). Frameworks in the literature suggest an evolutionary
process in the development of strategic sourcing in a firm. The process
reaches culmination with the full integration of sourcing strategies in a
firm’s competitive strategic processes - the ‘phase IV’ strategic
management stage of Freeman and Cavinato (1990) and the ‘integrative’
phase of Reck and Long (1988).

Two questions emerge from this discussion. One, what are the
sourcing strategies and practices that might be included in strategic
sourcing; and two, what role does integration play in strategic sourcing?
Within the rubric of strategic sourcing lie a portfolio of sourcing
strategies and practices. Such strategies span an entire gamut of
activities from supply-base optimization to early supplier design
involvement to worldwide sourcing (Monczka and Trent, 1991). This
research considers four fundamental, distinct, sourcing strategies which
might be found in many purchasing environments - supply-base
optimization, buyer-supplier relationship development practices, supplier
capability audit, and purchasing integration. While other sourcing
practices such as global sourcing and total quality management exist,
past research has distinguished these four sourcing strategies in a
variety of sourcing situations.

Robertson (1995), in an in-depth study of the strategic evolution
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of the sourcing function at Rover Motors, U.K., observed that supply-base
rationalization formed the first step in their strategic sourcing
initiative. Rover than engaged in information sharing and other several
buyer-supplier relationship development activities with its rationalized
supply-base. This was followed by systematic and regular assessments of
supplier performance, in areas of importance to Rover Ltd.. These actions
were undertaken in an integrated manner, through cross-functional teams
involving manufacturing, engineering and finance members. Purchasing
integration played a key role in convincing management of the strategic
value of sourcing actions. The tangible value-added to business goals
led management to recognize the strategic importance of sourcing and
invest in its development. Other studies have documented the fundamental
nature of these four sourcing strategies in the sourcing plans of
companies (Morgan, 1987; Monczka and Trent, 1991; Gadde and Hakansson,
1994). These strategies often support and sub-sume other, more dis-
aggregate, sourcing strategies and practices. For example, companies
engaged in buyer-supplier relationship development employ supplier
quality and technical assistance programs, build long-term supplier
relationships, form buyer-supplier councils, and deploy a total cost
focus. Such practices have been clustered and labeled differently, as
supplier development, total quality management, and total cost of
ownership sourcing strategies (Monczka and Trent, 1991), all of which can
be included within the larger domain of buyer-supplier relationship
development.

Supply-base optimization and volume leveraging are perceived as
pre-requisites for other sourcing initiatives (Monczka and Trent, 1991;
Bhote, 1987) and constitute a distinct strategic issue, that generally

precedes other sourcing activities (Gadde and Hakansson, 1994). Supply-
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base optimization consists of supplier reduction, re-organization and
volume leveraging actions, that prepare the ground for more sophisticated
relationship building and supplier involvement strategies.

Supplier capability audits are associated with supplier performance
expectations. Purchasing contributes to strategic objectives by
selecting, developing and monitoring a capable supply-base (Fitzpatrick,
1996). The increased reliance on the supply-base for obtaining current
and future competitive success has focused management attention on
supplier performance. Such attention has increased in recent years
particularly since buyers perceive supplier performance as -less than
satisfactory - escalating management expectations of purchasing have
created similar sourcing expectations of supplier performance (Monczka
and Trent, 1995). Supplier performance evaluation and capability audits
have become a critical part of sourcing strategies in supply chains in
the US and abroad (Hahn, Watts and Kim, 1990).

Purchasing integration constitutes the fourth sourcing strategy
examined in this research, and underlies the strategic impact of the
other three sourcing strategies. Purchasing integration enables fit and
alignment between sourcing strategies and the business objectives of a
firm. It links sourcing plans, policies and actions to corporate and
cross-functional priorities and is a key influence on top management
perceptions of the strategic value of purchasing. These reasons have
shifted the focus of much of purchasing research during the 1990’s
towards integration and purchasing participation in the business goals of
an enterprise (Ellram and Carr, 1994; Fitzpatrick, 1996). Purchasing
integration requires the active involvement of sourcing in the business
of a firm, achieved through mechanisms such as cross-functional teaming,

participation in strategy formulation and a focus on activities that are
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perceived as adding value to strategic business goals (Gadde and
Hakansson, 1994; Robertson, 1995).

Collectively, these four basic sourcing strategies of supply-base
optimization, buyer-supplier relationship development, supplier
capability auditing, and purchasing integration provide a platform for
the evolution of strategic sourcing in a firm. The next section discusses

these four components of strategic sourcing in more detail.

2.3.1.1 Supply-Base Optimization

Supply base optimization is a major decision in strategic sourcing.
Three decisions are subsumed in this strategy. The first is the choice
between single sourcing or multiple sourcing and by implication, a limit
on the total number of suppliers. The second concerns the choice of
arrangement of suppliers within the supply base in terms of
responsibilities, investments, accountability and reliance. The third
relates to the extent of parts bundling and volume consolidation
undertaken in a firm.

Single sourcing can be defined as the deliberate decision to
procure all requirements for a specific item/family of items from one
supplier. Further refinements in terms of designating sourcing from
particular plants and locations within a single supplier are possible
(Treleven and Schweikhart, 1988). Multiple sourcing envisages supply from
more than one supplier for an item/family of items. The capability to
procure from two sources may be called dual or parallel sourcing
(Richardson, 1993). Conventional purchasing wisdom dictated the need for
multiple sourcing, chiefly for reasons of cost control and risk
diversification. Nevertheless, the trend towards single sourcing appears

to be firmly entrenched in industry (Newman, 1988; Helper, 1991; Offodile
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and Arrington, 1992). Single sourcing also finds prominence in the early
conceptual literature (Deming, 1982; Schonberger, 1982; Hall, 1983). The
reasons for this are manifold. The technology strategy of the firm may
need specialist technologies from the supply-base. Clearly, such
capabilities will not be distributed equally among all suppliers.
Further, resource limitations permit investments in the development of
such supplier capabilities to just a few promising firms in the supply
base. Volume leverage considerations also prompt consolidation of orders
on one supplier - considerable savings in material and administrative
costs have been recorded by industry (Tully, 1995). Initial price
criteria have been replaced by the total cost perspective which forces
buyers to evaluate life-cycle, relationship and technology compatibility
costs. Handfield (1993a) reported significantly lower supplier numbers in
JIT production environments of reduced set-up times and reduced lot-sizes
as compared to non-JIT environments. Handfield (1993b) also found that
supply base reduction is a valid response to demand uncertainty. A
reduced supply base provides lower coordination costs and enhanced value
creation through the production process (Han, Wilson and Dant, 1993). A
smaller supplier base also offers dedicated capacity, lower transaction
times and costs and reduced logistics complexity, all of which help
sourcing to respond effectively to production variations of design or
volume. Single sourcing is anticipated to reduce inventories through
greater schedule sharing, increased delivery performance and more stable
schedules.

However, single sourcing is not without its detractors. Trevelen
and Scheikhart (1992) categorize single sourcing risks into five classes
- disruption of supply, price escalation, inventory and schedule,

technology access and quality. The first two are classic manifestations
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of buyer apprehensions in single sourcing situations. Research has shown
that such risks can be mitigated through scrupulous supplier selection,
on-going monitoring of key indicators and the development of contingency
on-hand alternative sources of supply. Improved information sharing has
been shown to precede and accompany supply base rationalization
(Handfield, 1993b). The probability of early detection of supply failures
would increase with the availability of advance information from the
supplier. Cost sharing is a recognized feature of focused relationships
with a reduced supply base. Fears of supplier ‘price-gouging’ may prove
unfounded with the exchange of cost information and the supplier
economies derived from level schedules and volume guarantees. Literature
also refers to the use of ‘parallel’ sourcing to inject an element of
competition in the buyer-supplier relationship (Richardson, 1993).
Technology access strategies influence the choice between single
and multiple sourcing. Extremely volatile technological environments may
be more appropriate to multiple sourcing, such that buyers can access the
latest technology and avoid getting ‘locked in’ with an obsolete
supplier. A good example of this is the bio-genetics industry where
technology frontiers are in a state of extreme flux. More stable
conditions would encourage joint technology development and early
supplier involvement with a consolidated supply group. Such examples are
seen in the auto industry where suppliers can work with buyers at the
concept car stage. Trevelen and Schweikhart (1988) cite quality as the
prime reason for adopting single sourcing strategies. The elimination of
underperformers during the supplier screening process automatically
improves quality levels to a point. Single sourcing also naturally
reduces variability in inputs since the buyer deals with a single/similar

manufacturing process. The paring of the supply base also allows
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resources to be concentrated on a few select supply points to improve
supplier performance. Additionally, volume contracts permit learning
curve effects to take effect with order of magnitude improvements in cost
and quality.

The risk-reward dilemma in single sourcing led to efforts to find
acceptable alternatives which would alleviate the risks of single
sourcing while maintaining much of its benefits. Dual or parallel
sourcing emerged as a feasible answer to the problem. Parallel sourcing
involves the development of single supply sources for similar components,
thus offering comparison opportunities in terms of costs and
technologies. The Japanese experience showed the feasibility of single
sourcing while maintaining the presence of a technologically competent
alternative source of supply (McMillan, 1990; Smitka, 1991; Richardson,
1993). The presence of a credible threat combined with relationship
specific investments functioned as an effective deterrent to supplier
opportunistic behavior. The added set-up and coordination costs in
parallel sourcing are offset by the incentives offered by such a system
for supplier performance. Switching and set-up costs can be traded off
against reductions of supplier power. The difficulty with this approach
is in treading the fine line between developing asset-specific supplier
relationships and the maintenance of believable strike-back capabilities.
Given sufficient volume and variety, parallel sourcing can be a powerful
stick to accompany the partnership carrot in single supplier sourcing.

The second aspect of supply-base optimization concerns the
organization of suppliers into tiers. Literature offers overwhelming
support for the benefits secured in particular, by the auto industry
through innovative supply-base tiering (McMillan, 1990; Nishiguchi,

1994). Tiering the supply-base affords the buyer scope to focus scarce
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resources on the first tier suppliers. Management, quality and
performance responsibilities cascade down the tiers, effectively making
each supply layer accountable for the performance of the next layer. Most
first tier deliver aggregate systems or sub-assemblies - of these, only a
select few are involved in truly full service design and manufacture
activities (Kamath and Liker, 1994). Supply base tiering has been adopted
in quick measure by US industry (Tully, 1995). For example, the ‘Contour’
car development saw just 227 first tier suppliers, the result of a
drastic pruning and re-structuring of the 700 or so first tier suppliers
of the ‘Tempo/Topaz’ platform (Fleming, 1994). Chrysler manufactures the
‘Neon’ relying on 289 first tier suppliers, down from 425 for the earlier
‘Sundance/Shadow’ (Chappell, 1994). Long-term contracts and escalated
volumes forced the first tier of the supply base to become more
responsive to assembler schedules, quality and design issues. In turn,
the first tier suppliers demand equivalent performance from the lower
tiers, since their performance is inextricably linked with their own
assembly and major parts suppliers (Choi and Hartley, 1996).

Strategic supplier typologies have been developed in the literature
to obtain a richer understanding of the dynamics of the tier system.
Merenda, Kaufman and Wood (1996) distinguish suppliers in terms of four
technology-collaborativeness combinations (Figure 2.3), based on their

study of 200 manufacturing companies in New Hampshire.
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Low
Commodity Collaborative
Supplier Specialist
Technology
Technology Problem
High Specialist Solver
Low High
Collaboration
Figure 2.3

Strategic Supplier Typology

Source: Wood, Kaufman and Merenda, 1996.

Wood et al. (1996) equate problem solvers to the elite first tier
of a Japanese keiretsu. Suppliers in this category position themselves as
providers of options and solutions, and share certain characteristics.
They have ‘black-box’ design capabilities, are quality certified, use
advanced management practices such as employee empowerment and quality
practices, certify their own supply-base and pursue differentiation
strategies in a variety of markets. They run small batches and exhibit
high process and labor flexibility. Commodity suppliers are spot-market
producers, competing on price and manufacturing to OEM specifications and
can be found in the third or fourth tier of the supply base structure.
Collaborative specialists do not posses competitive design capabilities
but differentiate themselves by forming close buyer relationships. They
are representative of first or second tier suppliers in industries with
stable and established product specifications. Technology specialists may
be proprietary parts manufacturers, differentiating on the basis of
product/process innovation. They differ from problem solvers in that they
do not tend to work closely with customers or form collaborative
relationships. Technology specialists can also be first or second tier
suppliers in more technologically fluid buyer environments. The
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distinction between first tier problem-solving suppliers and first tier
technology or collaborative specialists. made by Wood et al. (1996) is
consistent with Kamath and Liker’s (1994) report on partnership
characteristics of the Japanese supplier system. Only a chosen dozen or
so first tier suppliers were considered full partners among the more than
100 first tier suppliers typically encountered in Japanese auto
companies. Partnerships, Kamath and Liker (1994) observe, are reserved
for suppliers that have “outstanding technology, sophisticated
management, and global reach”. Suppliers also scan their customer base to
determine partnership prospects, based on mutuality of strategic goals.
Kamath and Liker (1994) conceptualize their investigation of supplier
roles in the Japanese auto industry into a four level typology of
supplier roles. The typology classifies supplier roles into ‘partner’,
‘mature’, ‘child’ and ‘contractual’ phylums. Partner suppliers employ
their black box design technology and global reach to supply complete
assemblies and systems to customers and enjoy equal status in their
market relationships. Mature suppliers have gray box design capabilities
/responsibilities for complex assemblies and are closely supported by
their customers. They may alter and improve on customer designs and
specifications. Child suppliers perform simple assembly tasks well and
but have little influence over customer specifications. Contractual
suppliers manufacture standard parts or commodities, with no product
development responsibilities. Long-term contracts are possible with
contractual and child suppliers too, based on manufacturing process
capabilities such as flexible automation or JIT supply abilities. The
roles described in Kamath and Liker’s (1994) typology correspond well
with Wood et al.’s description of supplier types. The ‘partner’ class

translates into the ‘problem-solver’ category, the ‘mature’ class into
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the ‘technology specialist’ category and the ‘child/contractual’
into the ‘collaborative specialist/commodity’ categories. Both
perspectives endorse the feasibility of concluding long-term contractual
relationships without supplier involvement in product design. However,
full service partnerships with asset concentration and design exchanges
are limited to the ‘partner/problem-solver’ class of suppliers.
Are close buyer-supplier relations necessary for strategic
sourcing? From a flexibility standpoint, both supplier product and
process technology could contribute to manufacturing flexibilities. For
example, volume flexibility could be achieved by contracting with
sSuppliers with flexible manufacturing processes but little design
Prowess. Similarly, new product and modification flexibilities could be
Augmented by sourcing technology from capable firms. However spot-market
Sourcing is not likely to produce consistent results. Helper and Sako
(1995) salience the role of long-term ‘voice’ supplier relationships in
©Obtaining production and delivery lot size reductions. Extended contracts
QX e essential to obtain strategic gains. Collaboration prospects and
PXoduct and process technology availability can be considered the
9O ~rerning criteria for strategic flexibility sourcing. Strategic sourcing
M&A 3, support other manufacturing and business goals, in addition to
fJ—ee:dxnlity goals. A manufacturer may elect to compete on a cost-based
ST x ategy. Sourcing may respond with target costing, value-engineering and
St her cost elimination techniques. However, the successful implementation
OFf such methods needs the active and sustained participation of the
Supply base (Monden and Hamada, 1991). Effective relationship management
therefore seems integral to the realization of strategic objectives.
Viewed as a continuum, buyer-supplier relationships can range from the

Pure transactions approach to full blown partnerships. Under this view,
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Wood et al.’s (1996) ‘technology specialist’ and ‘commodity supplier’
would be unlikely candidates for strategic sourcing because of the lack
of the long-term ingredient in their customer transactions. Compatibility
and sustainability across the supply chain are critical in building
barriers to entry for competitors (Choi and Hartley, 1996) - effective
supply base management is essential for this purpose.

The third aspect of supply-base optimization involves the practice
of parts bundling and volume consolidation by purchasing, in order to
generate buying leverage and obtain cost, quality, delivery, and supplier
capacity and technology dedication advantages. Parts bundling refers to
the practice of grouping parts of similar specifications/
attributes/manufacturing technology into part families, which are then
sourced as combined ‘bundles’ to one or more supplier. Such an approach
reduces administrative sourcing costs, facilitates order tracking and
warranty claims, increases volume rebates, reduces supplier manufacturing
costs, and improves parts quality (less variance), among other benefits.
Conceivably, supplier familiarity with a broader range of parts could
also improve opportunities for value engineering, and parts re-design
and standardization. Volume consolidation is the practice of grouping
identical parts across different divisions of the same company. Gains
from this practice stem primarily from supplier economies of scale. Other
benefits may include lower variance and decreased supply-base
administration costs. Both practices are in wide use in companies today
(Tully, 1995). The Industry Week survey of best practices and performance
in the US manufacturing industry reported extensive use of supplier
rationalization and leveraged buying strategies, with associated median
productivity gains of $200,000 per employee (Taninecz, 1997).

Monczka, Trent and Callahan (1993) advocate the consolidation of
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purchase volumes worldwide to maximize buying leverage. They report the
cost-benefit ratio of volume consolidation as among the highest within
industry. Allied-Signal Inc. is an exemplar, with forecasted savings of
$100-$300 million in lower prices and reduced transaction costs from
volume consolidation strategies. Motorola implemented a sourcing strategy
of parts bundling and volume consolidation consistently during the
1980’s, with tangible price and performance gains (Raia, 1991).

Volume consolidation and parts bundling can impact more than just
product cost. With the knowledge of additional volume commitment,
suppliers and buyers can focus resources on design and process
improvements. Volume consolidation could thus be of strategic value to
the business, by helping to increase supply-base performance in areas of
strategic importance to a firm. Despite the evidence of such clear gains,
research reports that volume consolidation is a sourcing strategy not
exploited to its full potential in many firms (Monczka et al., 1993).
Decentralization of the purchasing function has been attributed as a
possible reason. Uncoordinated sourcing strategies can reduce the
opportunities and incentives for parts bundling and volume consolidation
initiatives. Responsiveness is often associated with decentralization.
However, improvements in information technologies and communications, and
organizational structural innovations such as global sourcing teams have
made it possible for companies to coordinate sourcing strategies for

leverage, and remain responsive to individual unit needs.

2.3.1.2 Buyer-Supplier Relationship Development Practices
Carter and Narasimhan (1995) identify management of supply-base
relationships as a vital proposition for strategic sourcing in their

study of future trends in purchasing and supply management. A contrary
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viewpoint might question the need for investing in supplier relationships
at all - vertical integration offers full control and reduced
uncertainty. While conventional economic and sociological theories
(transaction costs and resource dependence) rationalize activity
internalizati&n as the ultimate form of control over uncertainties, the
realities of global markets and competition have made it impossible for
firms to have total supply chain ownership due to cost, technology,
personnel, market and political reasons. One solution lies in quasi-
integration, the inclusion of supplier competencies in product design and
manufacturing through strategic sourcing (Stuckey and White, 1993). The
natural hesitation in proceeding with such a strategy stems from concerns
of confidentiality, loss of in-house technology and design architecture,
loss of internal manufacturing skills, organizational disruptions,
transitioning difficulties and possibly the biggest incubus of them all -
the creation of a new competitor. Firms have developed specific legal,
economic and social risk governance mechanisms to deal with these
apprehensions. Patents and contracts, human/capital/location asset
specificities, financial participation, cultural/industry norms and firm
reputation and trust building practices being some of the more researched
methods for achieving such buyer-supplier cooperation in reducing
environmental uncertainties.

Close on the heels of the Japanese subcontracting experience
(Smitka, 1991), came the awakening of US industry to the strategic
potentialities of supply base management. The new paradigms of strategic
sourcing created a body of literature on buyer-supplier relationships.
There are several emerging insights from this literature - these broadly
relate to the outcomes, operating characteristics and structural

attributes of effective buyer-supplier relationship practices.
70



Ellram (1991a) synthesizes the literature on buyer-supplier
relationship management into three dimensions - management issues,
technological issues and financial issues. Management related gains stem
from reduced transactions cost in dealing with an optimized supply base,
greater stability, information sharing and strategic congruence, better
lead times and greater supplier responsiveness. Supplier involvement in
design, quality improvements and accelerated new product introduction
cycle times are some of the technological spin-offs of supplier-buyer
intimacy. Ellram (199l1a) also identifies financial benefits in terms of
more stable input prices, lower inventory levels, joint research and
development and shared development risks. Suppliers profit from closer
relationships with customers by achieving economies of scale, reduced
capacity utilization risk, lower transaction costs associated with a
reduced customer base, and longer investment and planning horizons
(Ellram and Cooper, 1990). Several positive outcomes of buyer-supplier
partnerships were also verified by Stuart (1993) in his survey of 240
purchasing executives in North America. Short-term benefits included
reduced downtime and re-work, decreased throughput time and inventory
reductions. Longer term gains were obtained through a reduced cost
structure, product sales increases and improved product quality. These
gains need to be equitably shared between firms to sustain long-term
relationships (Gentry and Vellenga, 1996). Some researchers have
addressed the central purpose of a long-term relationship. Day (1995)
suggests that the strategic goal of such relationships is not just the
cost or quality gains that accrue from long-term ties, but more
importantly a competitive advantage over other companies. Negative
outcomes of buyer-supplier cooperation include risks associated with

dependency and loss of control and the opportunity costs of
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externalization (Ellram, 1991b). Ramsay (1996) emphasizes the
difficulties and risks of partnership formation especially for smaller
buyers and the need to use caution in transitioning to single-sourcing
partnerships.

Behavioral and economic factors such as trust, satisfaction, and
asset specificity have been identified as important enablers in external
relationships (Ganesan, 1994; Gulati, 1995; Zaheer and Venkatraman, 1995;
Aulakh, Kotabe and Sahay, 1996). Additionally, sourcing specific studies
have identified commitment, joint problem solving, information exchanges,
a reduced supply base, supplier proximity, asset specificity,
relationship time, and formal supplier selection, evaluation and feedback
systems as some key attributes and success factors in supply-base
partnerships (Spekman, 1988; Landeros and Monczka, 1988; Ellram, 1992;
Hendrick and Ellram, 1993; Nishiguchi, 1994; Dyer, 1994; Morgan and Hunt,
1994). Table 2.6 depicts key findings on the operating characteristics of
collaborative buyer-supplier relationship arrangements.

An interesting situation arises when one juxtaposes the need for
inter-firm cooperation against the high failure rate associated with such
cooperative efforts (Bleeke and Ernst, 1991). To this point, little
empirical effort has focused on the determinants of relationship failure
or relationship development costs, although conceptual discussions can be
found in the literature (Nevin, 1995). Confronted with a paucity of
adequate explanations in the traditional neo-classical economic
literature (Williamson, 1975, 1983), scholars have stressed the
behavioral aspects of inter-firm collaborations as critical success
factors of inter-organizational relationships (Aulakh, Kotabe and Sahay,
1996) . The organizing principles of inter-firm relationships appear

rooted in the relational aspects of firm behavior involving the notions
72



of continuity, information sharing, interdependence and joint problem
solving. The development of trust as an alternative governing mechanism
(Smitka, 1991; Gulati, 1995) is another reflection of the departure from
the discrete, transactional approach of black-box economics.

A more dynamic view of inter-organizational collaboration is
offered by the process models developed in the literature. Dwyer et al.
(1987) develop a five stage model, progressing through the stages of
awareness, exploration, expansion, commitment and dissolution in a
typical relationship. Increased communication, establishment of norms,
mounting interdependence and the building of trust and satisfaction
create conditions where the partners consciously choose to ignore
opportunities to build alternative relationships. Ellram (1991a) traces
the evolution of purchasing partnerships through a 5 phase sequence.
Phase 1 begins with the identification of partnership benefits and
appropriation of organizational resources and support. Phases 2 and 3
deal with the development and weighting of partner selection criteria,
candidate shortlisting and detailed financial and compatibility
evaluation. Phase 4 formalizes and implements the partnership, and
establishes feedback and problem correction mechanisms. The final phase
consists on on-line monitoring of the relationship and affords
information for decisions on the future of the relationship. Generally
speaking, partnerships are either maintained at their current level or
escalated to greater levels of integration - termination options are
seldom favored in view of the prohibitive switching costs involved. The
model is validated and updated using a case study of successful
partnership implementation (Ellram and Edis, 1996). A different
perspective of inter-organizational dynamics is provided by the Europe

based IMP network research school (Hakaansson, 1982). The IMP model
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depicts buyer-supplier relationships as a network of interlinked factors,
involving partner attributes, interaction process specific elements and
surrounding environmental and atmosphere conditions. Firm interactions
occur within the network established by these factors and consist of
episodic financial, product or social exchanges. Smith (1993) suggests
that inter-firm interactions are shaped by both individual and
organizational influences. Trust evolves as the system evolves. Previous
research (Hallen and Johanson, 1984) has also shown that relationship
dimensions such as information sharing, interfirm dependence and social
exchanges are moderated by country of origin, market share and distance,
demand concentration and product type and technology variables. Hallen,
Mohamed and Johanson (1989) also found that interfirm information
exchanges share a recursive relationship with the degree of product,
process, delivery and inventory adaptation displayed by the partners in
the relationship. Briefly, the network school advocates looking at
relationships and not the firm in isolation and hold that the motivation
for opportunistic behavior can be reduced because partners employ a long-
term perspective in their relationships (Hakansson, 1982; Ford, 1984).
The incentive to form long-term relationships derives from resource
heterogeneity between firms.

A deeper examination of these frameworks reveals some underlying
commonalties. The successful development of inter-organizational
relationships is found to be contingent on the presence of six key
enablers - the elements of time, interdependence, asset commitment,
information exchange, joint actions and trust. The causal relationships
among these elements constitutes a body of research in itself, which lies
beyond the scope of this research. However, there exists a general

consensus on the importance of each of these six elements in achieving
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satisfactory inter-firm relationships.

The third aspect of buyer-supplier relationship relates to the
range of governance and cooperative mechanisms employed in designing and
implementing the relationship. Between Williamson’s (1975) organizational
extremes of pure markets and pure hierarchies lie a range of intermediate
governance structures. These can take several forms, including joint
ventures (Contractor, 1986; Kogut, 1988), technology licensing (Koh and
Venkatraman, 1991) and strategic partnerships (Heide and John, 1990).
This spectrum of organizational arrangements can also be classified in
terms of degree of ownership and control, i.e, equity and non-equity

relationships (Figure 2.4).
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Firms, especially large auto makers, are moving away from the pure
market transaction paradigm implicit in traditional arms-length buyer-
supplier dealings into more long-term synergistic associations (Helper
and Sako, 1995) For example, Dyer (1996) describes the co-development of
critical assemblies for Chrysler’s new models of cars and trucks with
first tier suppliers who then take the responsibility of prototyping,
manufacture, cost, delivery and quality of these co-designed systems. He
identifies three key factors behind Chrysler’s successful buyer-supplier
relationship strategy - building trust, reducing costs and improving
communication. Trust is developed through long-term commitments, provided
the supplier meets current kaizan cost targets and meets target costs for
the next model. To improve communication, Chrysler employed resident
supplier engineers, installed shared inter-active computer design,
manufacture and information systems and constituted an advisory supplier
council from its top 14 suppliers. To achieve cost targets, Chrysler
first asked its primary suppliers to perform value engineering and
analysis on lower levels of the bill of material owned by lower-tier
suppliers. It also conducted in-house examinations of processes and
products.

Japan’s keiretsus are exemplars of cooperative inter-organizational
arrangements involving marginal to medium equity participation. The
keiretsu is an economic institution which networks in order to reduce
costs, distribute risks, facilitate communication, develop trust and
reliability and provides strategic advantages against external
competitors to its members (Lincoln, Gerlach and Takahashi, 1992; Smitka,
1991). In fact, such institutional arrangements can cross international
shores, witness the rapid recreation and extension of Japanese buyer-

supplier links in Japanese transplants in North America (Martin, Mitchell
76



and Swaminathan, 1995). Recent research has shown that North American
firms are moving away from the arms-length transactions to more
relational approaches 1in their buyer-supplier relationships (Helper and
Sako, 1995). Interestingly enough, in Japan itself, buyer-supplier
relationships are beginning to show exit patterns, perhaps in response to
increased competition and a desire for flexibility in technology access
(Helper and Sako, 1995). The overall proportion of long-term partnerships
however, remains much larger in Japan than in North America. Joint
ventures and equity participations are not frequently encountered in the
North American domestic context. Internationalization often creates the
necessity for such organizational arrangements, a case in point being the
recent collaborative manufacturing agreements of GM and Ford with Indian
partners in Asia.

The quintessential trade-off in the choice between various degrees
of market and hierarchies lies between ownership control and risks. Full
integration confers full control yet exposes the firm to fixed investment
risks. Total outsourcing minimizes investment risks but carries potential
penalties of loss of technology and subservience to supplier power. The
current paradigm concerns itself with the intermediate range of non-
ownership inter-organizational structures which essentially offset
outsourcing risks by developing alternative governing mechanisms. Aulakh
et al. (1996) cite trust as one such effective substitute for ownership
control, achieved through repeated encounters, asset specific investments
and top management commitment. Long-term relationships, and co-design or

manufacturing efforts represent such non-equity relational arrangements.
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2.3.1.3 Supplier Capability Auditing

More than three decades ago, Leenders (1966) related supplier
capabilities to increased organizational profitability. Watts et al.
(1992) showed the theoretical importance of acquiring supplier
capabilities to complement manufacturing capabilities and support
purchasing and business goals. The reliance on supplier capabilities has
increased over the years (Burt, 1989; Monczka et al., 1993). Strategic
sourcing requires a competent supply base (Tully, 1994). While effective
buyer-supplier relationship may assist to develop and obtain positive
sourcing outcomes, the supply-base itself should possess fundamental
strengths in the areas of technology and agility. Nishiguchi (1994) found
that the superior production and communication capabilities of Japanese
suppliers enabled Japanese OEM’s to achieve higher performance than their
US or European competitors. The international movement of indigenous
supply-bases with worldwide Japanese and US OEM transplants confirms the
importance of the availability of supplier capabilities for competing
effectively. Monczka et al. (1993) found that buying firms are
increasingly relying on suppliers for developing critical product and
process technologies. This dependence increases the need for supplier
capability analysis. Hines (1996) identified supplier capability
evaluation as a key responsibility for purchasing in a lean production
agenda. Dyer, Cho and Chu (1998) note that supplier performance on non-
controllables such as innovation and responsiveness is critical in
strategic buyer-supplier relationships. Firms seek supplier capabilities
in engineering, design, testing, manufacturing and tooling (Monczka and
Trent, 1991). More recently, Monczka et al. (1993) found that purchasing
executives prioritize technological, delivery and responsiveness

capabilities in the supply-base and expect best-in-class performance in
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such areas.

Essentially, a firm needs to ask itself two questions: do we have
the supply-base capabilities to match and support manufacturing and
business strategic objectives; and are these supplier capabilities being
realized in terms of supplier performance. For example, design and
manufacturing may plan for new product introduction. Sourcing must find
out if supplier capabilities in component and process design exist to
support manufacturing and design objectives. It should then introduce
relationship management practices to obtain supplier performance from
these capabilities.

Research indicates a shift from traditional cost and quality
emphasis, towards increasing technological reliance on supplier product
and process design capabilities (Monczka et al., 1993; Watts and Hahn,
1993). Full service demands increase the strategic importance of
maintaining a technologically capable supply-base. Purchasing managers
pursuing strategic sourcing, would likely have a strong interest in
monitoring supply base capability and performance in relation to their
strategic needs.

In the context of a flexibility strategy, sourcing should be
concerned with supplier capability and performance in the areas of
supplier responsiveness to: order volume changes, delivery schedule
changes and order ‘mix’ changes. Sourcing may also be attentive to
supplier ability to accommodate minor design changes, provide assistance
in product and process design, and design and manufacture new products to
meet buyer product-based strategies. Such capabilities can relate
directly to the achievement of volume, mix, modification and new product
flexibilities in a firm (Olhager, 1993). These capabilities should be

monitored and audited on a continual basis to ensure optimum supplier
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performance for achieving flexibility and other strategic business goals.

2.3.1.4 Purchasing Integration

Integration has become a new core competence for businesses. Dell
Computer has achieved a 54% increase in returns, based on its assemble-
to-order manufacturing strategy (Wall Street Journal, 1998). This
manufacturing strategy is supported by a system that closely integrates
suppliers, order-entry and customer monitoring, manufacturing and
finance, using a mix of technology and business process re-engineering. A
large part of the success of the ‘Toyota production system’ can be
attributed to the significant role of purchasing integration in
(understanding and formulating) Toyota’s production philosophy and
extending it to Toyota'’s primary supply-base (Hines, 1996). The challenge
for purchasing lies in integrating its sourcing strategies with the
strategic objectives of the rest of the business. The degree to which it
does so, determines the degree of purchasing integration in a firm. In
turn, the congruence and interaction among sourcing, manufacturing and
business strategies influences the degree of ‘strategic sourcing’
achieved in a firm.

The literature views integration of purchasing goals and practices
across inter-functional boundaries as a critical enabler of ‘strategic
sourcing’ in a firm. Several conceptual frameworks discuss the
integration of sourcing with manufacturing and corporate strategy. Watts,
Kim and Hahn (1992) describe strategic sourcing as achieving congruence
between purchasing objectives and action plans and manufacturing and
business goals. A key feature of their framework is the need for
purchasing to be able to link supplier capabilities of flexibility, cost,

technology, quality and delivery to manufacturing objectives. The precise
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capabilities to be acquired is defined by the nature of manufacturing and
business needs. In essence, Watts et al. (1992) define strategic sourcing
as the sourcing actions involved in providing external capabilities to
support internal manufacturing competencies and the competitive
positioning of the firm. To do so, sourcing must be a full participant in
corporate and manufacturing strategy formulation and implementation.
Whether this is actually achieved is a debatable issue, despite the
growing recognition of purchasing as a core competence area in the firm
(Tully, 1995). Monczka and Trent (1991) in their study of Fortune 500
firms conclude that strong linkages do not exist between sourcing
strategy and business strategy. They attribute this to the absence of
suitable interfacing mechanisms between sourcing and top management,
although a certain amount of indirect coordination may be provided
through manufacturing. Similarly, St. John and Young (1991) found
inconsistencies in agreement on strategic issues between purchasing and
production as well as a lack of consensus with overall business level
priorities. Other strategic sourcing frameworks are built around
sequential stages of sourcing development (Reck and Long, 1988; Bhote,
1989; Freeman and Cavinato, 1990). A common theme of these frameworks is
the evolutionary description of the changes in purchasing activities and
attitudes as the sourcing function matures into a strategic contributor
in the company. The movement from routine, clerical purchasing activities
to a pro-active, cross-functional, capability based role in the firm, is
a key defining criteria in the progress from lower to higher order stages
in all these frameworks. Cross-functional teaming, application of new
measures of cycle-time and total cost, enhanced personnel skill-level
requirements and pro-active attitudes are some of the other anticipated

changes on the path to strategic sourcing. A common drawback of these
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frameworks is their descriptive foundation. Many draw on interviews, case
studies or limited samples for their conclusions and lack large scale
empirical validation and analytical rigor.

Narasimhan (1996) presents the evolution of supply chain management
in terms of simultaneous, integrative transitions in four major
dimensions - scope, focus, role and structure. Full integration is
realized when sourcing employs a global scope, deploys an external focus,
occupies a strategic position in the company and manages complete supply
chains linking suppliers to end customer and markets. Sourcing creates
and provides ‘firm specific competitive advantages’ for sustainable
business growth. The framework is validated with examples from
international industry.

Given the significance of purchasing integration in a strategic
sourcing initiative, the question arises of how firms could achieve such
integration? Previous research has emphasized that purchasing’s
involvement in a company’s strategic decision-making process is the
primary requirement for achieving purchasing integration. This can be
undertaken in several ways: purchasing representation in top level
management, integrated cross-functional teaming, separation of strategic
and tactical purchasing responsibilities, and measurement and reward
systems based on strategic contributions to competitive goals (Ellram and
Carr, 1994; Gadde and Hakansson, 1994; Robertson, 1995; Fitzpatrick,
1996) .

In summary, sourcing can pursue two different approaches in its
strategies. It can seek functional excellence and develop supporting
internal and supply-base competencies. Alternatively, it can pursue a
strategic vision of supply-chain wide sourcing issues and develop

competencies to support the strategic requirements for organizational
82



success. The latter approach results in the strategic alignment of
sourcing and enterprise objectives and actions, and the diffusion of
sourcing influence throughout the organization and its supply chain. It
are these conditions that can lead to management recognition of sourcing
as a strategic contributor to firm competitive advantage.

In conclusion, strategic sourcing can be characterized as the
careful selection, development and integration of sourcing strategies,
aimed at the achievement of the manufacturing and business goals of an
enterprise. Supply base optimization, buyer-supplier relationship
practices and supplier capability auditing represent three common
strategies in sourcing agendas. Purchasing integration links these
sourcing strategies to the manufacturing and business priorities of a

firm.

2.4 Advanced Manufacturing Technology

2.4.1 Conceptualizations

Table 2.7 offers a chronological view of the evolution of advanced
manufacturing technology.

The advent of NC machines in the late 40’s and early 50’s was
limited primarily to high-precision, high-complexity defense, because of
their high capital costs, programming constraints and uncertain
reliability (Romeo, 1975; Carlsson, 1992). Consequently, NC machines
accounted for less than 20% of the total US investment in machine tool
jobs till the 1960's. The introduction of computer control by the
Japanese in the mid-70's led to the establishment of the CNC as a much
more easily programmable and eventually less expensive machine during the
1980’s. By 1984, NC/CNC’s accounted for more than 40% of the total US

machine tool market (Edquist and Jacobsson, 1988). Although the first
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computer integrated manufacturing system (FMS) in the US was installed at
Caterpillar in 1970, the total number of FMS installations was limited to
about 125 worldwide till 1984 (Handfield and Pagell, 1995; Pyoun, Choi
and Park, 1995). The rate of adoption of computer integrated flexible
manufacturing Systems (FMS), while lagging that for robots and CNCs
(Handfield and Pagell, 1995), showed a remarkable increase over the late
80s’ and 90’s. The average number of FMS installed globally in 1989-93
was around 100, a figure which is expected to rise to about 200 during
1994-2000 (Pyoun et al., 1995). Design, tooling, engineering and testing
were also integrated into the scope of FMS following the development of
CAD, CAE, CAM and CAT. Advances in information and design technology has
enabled the interfacing of design, engineering and manufacturing across
the supply chain for product development and production purposes. The
total number of FMS installed globally as of 1993 was estimated as 1500,
with another 1500 anticipated installations by the year 2000 (Pyoun et
al., 1995).

The rapid development and transferability of technology have
enabled many smaller companies and countries to leapfrog the intermediate
stages of technology evolution. For instance, South Korea created its
semi-conductor competency by accessing the best technology available in
the world. The most striking feature in the growth and change of
manufacturing technology has been in the area of computer integration.
Innovative technologies such as CAD/CAM and computer-aided testing (CAT)
have assimilated separate, sequential tasks into concurrent, inter-
active, real-time design and manufacturing systems which have begun to
extend across company boundaries (Dyer, 1996).

Flexibility however, is not a dictate of all manufacturing

environments. The spectrum of manufacturing processes is bounded at one
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end by repetitive continuous/discrete manufacturing systems (e.g., oil
refineries, automobile transfer lines) and by job-shop individual
customized products (e.g., prototypes for aerospace/automobile industry),
at the other. Intermediate manufacturing situations are created by
limited volume, limited variety demands, largely met through batch
production methods. While one time jobs can be handled by stand-alone CNC
machines, such arrangements do not have the capacity to ramp up to
multiple product, larger volume batch order requirements. It has been
estimated that 25% of all US production is done in batch sizes of 50 or
less, a figure which rises to 75% in such industries as metalworking
(Hyer and Wemmerlov, 1982; Handfield and Pagell, 1995). Dysfunctional
consequences are experienced when job shops are asked to efficiently
fulfill batch manufacturing orders. Low machine utilization, high parts
queue times, excessive material handling of large WIPs and manual
tracking of different parts and products are some symptoms of the mis-
match between manufacturing task and manufacturing process (Black, 1983;
Hutchinson, 1984). Advanced manufacturing technology resolves the
volume/variety dilemma to an extent through the deployment of flexible
manufacturing systems (FMS), multi-machine, computer linked, CNCs
attached to automated material handling and storage systems.

One of the earliest conceptualizations of advanced manufacturing
technology was made by Groover (1980) who divided flexible manufacturing
systems into ‘dedicated’ and ‘random’ types. ‘Dedicated’ systems
manufactured a fixed range of part types over a definite time horizon,
whereas ‘random’ systems manufactured a greater variety of part types in
random sequence. Flexible manufacturing systems target economies of scope
by offering flexibility options, although in practice such options may

seldom be exercised (Jaikumar, 1986).
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A multi-dimensional view of advanced manufacturing technology was
introduced by Browne et al. (1984). They expanded Groover’s (1980)
classification to include ‘type 1/, ‘2’ ,’3’ and ‘4’ FMS and introduced
the dimensions of material handling and on-line control systems. A ‘type
1’ FMS, also called a ‘flexible machining cell’ (FMC) would comprise one
CNC, an automated inputs buffer and an automated pallet changer. A ‘type
2’ FMS (flexible machining system) would have several FMCs, more flexible
material handling systems and on-line production controls. A ‘type 3’ FMS
(flexible transfer line) would pre-assign processing tasks to specific
machines and use a carousal or conveyor material handling system. Smaller
set-up times and increased set-up frequency would distinguish it from a
conventional dedicated transfer line. A ‘type 4’ FMS would consist of
multiple inter-linked flexible transfer lines and provide more routing
flexibility than a type 3 FMS.

Technological advances, especially in the area of computer
integration, have broadened the domain of the early definitions of
advanced manufacturing technology. Swamidass (1988) includes robotics,
automated guided vehicles (AGV), FMS, numerically controlled and computer
numerically controlled machines (NC/CNC), CAD/CAM and CIM as technology
enablers of manufacturing flexibility. Lei, Hitt and Goldhar (1996)
describe advanced manufacturing technology in terms of computer
integrated manufacturing systems (CIM), flexible manufacturing systems
(FMS) and computer aided design/manufacturing linkages (CAD/CAM). Others
have defined it as the use of a variety of computer controlled, inter-
linked systems of design and manufacture (Flynn et al. , 1994) and the
extent of use of advanced technological, methodological and structural
concepts and methods in a firm (Bessant, 1989; Bolk et.al, 1989). The

definition provided by Tranfield, Smith, Ley, Bessant and Levy (1991)
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transcends automated machine typology to enfold CAD/CAM, information
technology, configurational processes and the use of JIT/Kanban in their
description of a complete and effective advanced manufacturing system.
Similar system elements incorporating cellular manufacturing and flexible
process design and the engagement of JIT production processes have been
proposed in related literature (McCutcheon, Raturi and Meredith, 1994;
Dean and Snell, 1996). Implicit in these understandings of advanced
manufacturing technology is a systems perspective, integrating production
machinery, accessory material handling, information technology and
process related elements into an effective flexible manufacturing system.
Similar observations have been made by Jaikumar’s (1986) on the combined
deployment of CNCs with robots, special material handling systems and
automated storage and tool handling systems among successful users of
advanced manufacturing technology in Japan. Another aspect of advanced
manufacturing technology relates to the extent of use of group technology
(Das and Khumawala, 1989). Grouping, classifying and coding parts on the
basis of similarity of dimensions and/or processes simplifies tool
magazine capacity constraint planning and offers reduced set-ups and
improved control. Roth and Giffi (1995) distinguish between the ‘hard’
and ‘soft’ aspects of advanced manufacturing technology, but determine
both to be necessary for world class manufacturing performance. Computer-
aided testing (CAT), computer-aided engineering (CAE), robotics, local
area networks (LANS), vision systems and flexible manufacturing centers
are considered the ‘hard’ factors of advanced manufacturing technology.
‘Softer’ technology areas involve design for manufacturing (DFM),
productive/preventive maintenance, JIT, Kanban, concurrent engineering,
value analysis/ engineering and integration of manufacturing systems.

Gaining excellence in both ‘hard and ‘soft’ factors is a key way in which
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world class manufacturers differentiate themselves from other firms.

Another approach to classifying advanced manufacturing technology
is represented by the continuum concept. Voss (1986) uses the twin
criteria of integration and automation to create a continuum of advanced
manufacturing technology, ranging from NC machines at one end to CIM at
the other. Handfield and Pagell (1995) similarly describe integrated
automated process technologies in terms of a continuum, bracketed at each
end by stand-alone NC machines and CIMs, respectively. Continuums could
also be defined using cost considerations. Ranta and Tchijov (1990) use
the notion of cost to divide advanced manufacturing systems into a ‘cheap
- expensive’ classification. A ‘cheap’ system employs limited technical
complexity and elementary control architecture. In contrast, an
‘expensive’ system, typically affording more expandability and
adaptability, would consist of multiple CNCs, with AGVs and automated
storage and retrieval (ASR) systems, tied together by a local area
network. The average cost distribution of such a system would be in the
range of US$ 10-15 million with the following breakdown by expenditure
head - CNCs (35-40%), material handling systems (15%), control and
communication systems (25-30%) and planning and training (15-20%).

The literature suggests that advanced manufacturing technology can
be classified under four complementary dimensions - manufacturing
machinery, infrastructural support systems (material handling, production
planning and control systems), computer systems in design and
engineering, and human resource management practices. Figure 2.5 employs
these dimensions to build a continuum of advanced manufacturing

technology, using flexibility as a system variable.
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A Continuum of Advanced Manufacturing Technology

Manufacturing machinery can range from simple numerical controlled
machine tools, to individual CNCs (islands of automation), to inter-
linked CNCs and Flexible Manufacturing Systems. Infrastructural material
handling systems can range from belt conveyors to powered roller
conveyors, to power-and-free conveyors, to mono-tractors, to towline

carts, to automated guided vehicle systems (Stecke and Brown, 1985).
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Infrastructural production and control processes can range from
conventional production processes with large inventories, safety stocks,
sequential/job shop manufacturing, high set-up times and frequencies to
the gradual introduction of ‘lean’ manufacturing elements such as JIT,
preventive maintenance, Kanban, value analysis/engineering, real time
control and in-plant EDI systems. Computer systems can range from none to
completely integrated design and engineering systems. Human resource
management practices in manufacturing, comprise operator team development
and deployment, worker multi-skilling and related measures to increase
decentralization and empowerment on the shop-floor.

Selected combinations of advanced manufacturing technology elements
would be relevant for the particular industry and manufacturing
environment under study. For example, a job shop environment will
probably invest in what Browne et. al. (1984) call ‘Type II FMS’ , an
interlinked system of flexible machining centers using carts, conveyors
or towlines, capable of multi-product small-medium volume tasks. In
contrast, a more dedicated “Type III” flexible transfer line equipped
with carousals or conveyors may be more appropriate for larger volume,
lower variety manufacturing environments.

One notable point is that the extent of manufacturing flexibility
will depend on the extent of system integration of all the above factors
of an advanced manufacturing technology system. For instance,
installation of an inter-connected CNC system is not likely to optimize
flexibility performance, if not accompanied by parallel improvements in
production processes and human resource management practices. Advanced
manufacturing technology is thus conceptualized as a composite of ‘hard’
and ‘soft’ investments which combine to generate manufacturing

flexibilities for an enterprise.
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2.4.2 Operationalizations

Various empirical operationalizations of advanced manufacturing
technology have been made in the literature. Notable among these are Roth
and Giffi’s (1995) identification of ‘hard’ and ‘soft’ technology factors
that differentiate world class manufacturers, and Snell and Dean’s (1992)
18 item scale of advanced manufacturing technology. Other studies have
employed ratio measures including capital outlay on computer automation
vs. capital outlay on fixed automation (Parthasarthy and Sethi, 1992) and
the proportion of NC and CNC machines to non-programmable conventional
machine tools (Gyan-Baffour, 1994).

Roth and Giffi (1995) surveyed 872 senior manufacturing executives
as part of the ‘global manufacturing technology and strategy vision
project’ at the University of North Carolina, and defined several key
advanced technology world class practices. However, their
operationalization of advanced manufacturing technology did not include
statistical validation. Snell and Dean (1992) developed a statistically
rigorous multiple item, multiple respondent measure of advanced
manufacturing technology, using factor analysis. Their scale measured the
extent to which a firm has integrated computer technologies for
manufacturing objectives. However, JIT production practices are measured
independently from advanced manufacturing technology. Parthasarthy and
Sethi (1992) proposed two alternative ways to assess ‘flexible
automation’. They suggest the use of ratios to quantify the relative
outlay on computerization in manufacturing and design, or the use of
semantic differential scales to survey the extent of computerization and
design integration in a manufacturing process. Again, these measures were
not subjected to statistical validation. Other studies have attempted to

gauge advanced manufacturing through item measures such as ‘use of
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flexible manufacturing systems’ and ‘use of robotics’, the ‘percent of
machines linked by automated transfer systems’ and the ‘average machine
value’ (Suarez et al., 1996).

The measurement literature reveals a lack of statistically
validated scales to evaluate and assess the advanced manufacturing
technology concept. Ratio scales, while offering quantitative
convenience, are not sufficiently comprehensive. Other efforts lack
statistical rigor and also suffer from constrained domains. Snell and
Dean’s (1992) multi-dimensional measure of advanced manufacturing
technology is statistically superior to the other measures. Its
shortcoming is that the authors do not use second order factor analysis
to confirm the presence of a higher order technology factor which might
subsume both JIT production practices and manufacturing technology
elements. Statistical rigor is also found in Ward, Leong and Boyer’s
(1994) development of uni-dimensional scales for structural and
infrastructural capability building programs. The authors factor analyze
technology elements such as CAD, CAM, FMS, CNC, DNC and vision control
into a composite structural factor. Their infrastructural factor includes
worker training, empowerment, and job-enrichment. More recently, Boyer,
Ward and Leong (1996) develop and validate an advanced manufacturing
technology scale with three factors - design, manufacturing and
administration - across a range of high technology industries.

It is evident from the literature that advanced manufacturing
technology contains multiple domains. This research distinguishes four
such significant domains: manufacturing machinery, infrastructural
(material handling systems) and production planning and control systems
(planning, kanban, preventive maintenance etc.), computer systems in

design and engineering, and human resource management practices (Figure
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2.5). Any reflective or formative scale of advanced manufacturing
technology needs to employ enough breadth of coverage to include and
specifically measure each of these domains. Additionally, the degree of
simultaneity between the various domains also requires to be measured. A
manufacturer using integrated CNCs without corresponding infrastructural
or design processes would not be described as a strong user of advanced

manufacturing technology.

2.5 Performance

2.5.1 Manufacturing Performance

Manufacturing performance is discussed here from two perspectives -
the content of manufacturing performance and the measures of
manufacturing performance.

The content of manufacturing performance has been characterized in
terms of the fundamental competitive priorities of operations strategy -
quality, time, cost and flexibility (Krajewski and Ritzman, 1990; Neely,
Mills, Platts, Gregory and Richards, 1994). Flexibility targets economies
of scope in the plant - achieving variety and speed at low cost (Goldhar,
Jelinek and Schlie, 1994). As Schlie and Goldhar (1995) remark,
manufacturing cost is the key differentiator, as rising consumer
expectation thresholds force companies unable to charge a price premium,
to compete on the basis of low price. Successful imitation of product
features by competition is rendered difficult by the challenge of having
to produce and sell the product at the low price set by the cost leader.
A viable differentiation strategy can only survive in the long-term when
accompanied by low cost manufacturing competencies (Schlie and Goldhar,
1995). Operating costs have been used before to measure manufacturing

performance (Rho, Hahm and Yu, 1994), consistent with the business
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priorities of current day manufacturers (Kim, 1994). Inasmuch as cost
harmonizes and underlies other manufacturing differentiators such as
quality and variety, it needs be considered as é fundamental performance
objective of competitive manufacturing situations. Total manufacturing
cost reductioﬁ is expected to remain an important barometer of
manufacturing performance (Roth and Giffi, 1995).

In addition to manufacturing cost, manufacturing performance
indicators in such areas as facility output, employee and machine
productivity, quality, scrap rate, and delivery reliability and speed
have been traditionally employed by firms (Arthur, 1994; Lawrence and
Hottenstein, 1995; Banker, Field, Schroeder and Sinha, 1996). Similar
measures find mention in the product life cycle tailored list of
manufacturing performance areas developed by Richardson and Gordon as
early as 1980. Macduffie et al. (1996) employed productivity and quality
to measure plant performance in their international study of the impact
of product variety on manufacturing performance in the auto industry.
However, departures from convention in the form of measures of new
product or process innovation or flexibility are still infrequent, even
when required by the demands of the product(s) life cycle stage(s) the
firm happens to be in.

Customer linked performance measures have been highlighted in the
recent literature. Kaplan and Norton’s (1992) ‘balanced scorecard’
proposes internal business process measures tied to customer
satisfaction. Internal factors that affect customer perceptions of
deliverables range from cycle time to quality and productivity. Roth and
Giffi (1995) found that world class manufacﬁurers place a premium on
customer driven manufacturing performance targets including improvements

in perceived quality, responsiveness, on-time delivery and customer
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satisfaction ratings.

One way to structure the content of manufacturing performance is to
decompose higher level performance goals into local levels. Decomposition
enables identification of tangible performance areas for focusing
employee effort. Figure 2.6 organizes manufacturing performance content
in order of different levels of abstraction. The representation of

performance areas is illustrative, not exhaustive.

Responsive
ness

Customer
Level
Perceived Delivery
Quality Perf.

Manufacturing
Plant Level Quality of Manufacturing Operating
Conformance Cycle Time Cost
Shop- Set up cost Inventory Machine Machine
floor & time Reduction Utilization Throughput
Figure 2.6

Different Levels of Manufacturing Performance

Each level in Figure 2.6 builds on the other - the top layer
interfaces directly with customer satisfaction attributes. A detailed
description of the interactions within and between different levels of
manufacturing performance is not attempted here. The intent is to show
the potentially cumulative impact of lower level performance factors on
successively higher levels of performance parameters. The logic could be
easily extended to make forward, backward and internal linkages between

manufacturing performance, firm performance and supply chain performance.
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The multi-dimensionality and tiering characteristics of
manufacturing performance calls for measures which a) capture all
performance dimensions relevant to the study and b) do not compare or
combine lower levels of performance with higher levels (although each can
be measured independently). The unit of analysis needs to be clearly
defined in any performance study.

Different measures of manufacturing performance have been described
in the literature. Roth and Miller (1990) used principal components
analysis to reduce eleven critical manufacturing capabilities into five
independent dimensions of manufacturing performance. These are quality,
delivery, flexibility, price and market scope. Seven point Likert scales
were used to measure each dimension of performance, relative to
competitor performance. Quality consists of items measuring consistency
of quality and high performance products. Delivery consists of items
measuring dependability and lead time. Flexibility consists of items
measuring design changes, introduction of new parts and rapid volume
changes. Price is measured by the capability to offer low prices. Market
scope consists of items measuring distribution, advertising, product line
breadth and after-sales service competencies. Cronbach’s alpha ranges
from 0.77 to 0.53. Strong factor loadings testify to the presence of
convergent validity - however, no formal attempt was made to ascertain
the discriminant validity of the scale. The use of perceptual measures
alone, without some cross-validation from other organizational sources or
objective measures, also detracts from the validity of the scale.

Dean and Snell (1991) develop an 8 item (a=0.75) uni-dimensional
scale, comparing current manufacturing performance to the industry
average, in terms of product quality, employee morale, on-time delivery,

inventory management, employee productivity, equipment utilization,
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production lead time and scrap minimization. The same scale finds
application in a second study carried out by the authors in 1996 (Dean
and Snell, 1996). Rho et al. (1994) measure manufacturing performance
through top management perceptions of product quality, new product
development, 6perating cost and delivery, relative to competitor
performance, on a 5 point Likert scale. However, these dimensions are
used independently as dependent variables in the study and do not
constitute a single scale. Labor efficiency/productivity, product quality
and scrap rate find mention in other measures of manufacturing
performance (Arthur, 1994; MacDuffie, 1995). MacD<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>