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An Abstract of

TECHNOLOGY INFUSION ENABLED VALUE-CHAIN FLEXIBILITY: A
LEARNING AND CAPABILITY-BASED PERSPECTIVE

Qingyu Zhang

Submitted as partial fulfillment of the requirements for
the Doctor of Philosophy degree in

Manufacturing Management

The University of Toledo
May 2001

Environmental uncertainties in customer requirements, competition, and
technology create an urgent need for a firm to achieve flexibility across the value
chain: (1) product development flexibility, (2) manufacturing flexibility, (3) logistics
flexibility. and (4) spanning flexibility. Flexibility is the ability of a firm to meet a
variety of customer needs without excessive cost, time, organizational disruption,
or loss of performance. Infusion of technology (i.e., technology is fully
understood, appreciated, and put to its best use) is a useful concept to explain
the attainment of flexibility across the value chain. Value chain flexibility enables
firms to respond quickly to specific customer expectation because resources can
be rapidly shifted to develop, produce, and deliver various products.

Although manutfacturing flexibility is widely studied, the concept and
dimension of flexibility are unclear. Little is ever mentioned about flexibility at
product development, logistics, or spanning activities. This research is to

conceptualize value chain flexibility anchored in a comprehensive understanding

ifi



of flexibility concept, develop a nomological network that explains the relationship
among environmental uncertainty, use of technology, infusion of technology,
value chain flexibility, and competitive advantage grounded on a learning and
capability theory, and provide and validate instruments to support organizational
and resource level research on flexibility. The new lenses of value chain flexibility
bring a systematic, resource-based view of firms' competitive advantage.

The methodology used to define constructs and derive measures includes a
literature review. interviews with four practitioners, Q-sort, and expert evaluation
with ten professors. A pilot study is conducted with 33 firms to purify the items
and evaluate unidimensionality, reliability, and validity. Where appropriate, items
are deleted. modified, or added. An exploratory large-scale data analysis with
273 firms follows. The factor matrix exhibits an easily interpretable structure. All
the scales show good convergent and discriminant validity and have Crobach's
alpha greater than 0.82 except competition uncertainty with an alpha of 0.79.

The hypothesized structure (i.e., direct and indirect paths) is tested using
LISREL. The results confirm that a strong causal chain exists from environmental
uncertainty, through use of technology, infusion of technology, value chain
flexibility, and competitive advantage, to customer satisfaction and financial
performance. Contradictory to previous literature, environmental uncertainty is
not significantly, positively related to value chain flexibility. A new finding is that
use of technology and infusion of technology are two strong intervening variables
of this relationship. Infusion of technology is a dominant determinant to attaining

value chain flexibility. The directions for future research are discussed.
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CHAPTER 1: INTRODUCTION

Increasing global competition, accelerating technological change, and
demanding customers are creating a more turbulent, complex, knowledge-
intensive, and uncertain environment (Huber, 1984: Skinner, 1985: Doll &
Vonderembse, 1991). In response, manufacturers are seeking to increase
flexibility as they strive to compete in the 21 century. Flexibility enables firms to
design, produce, and deliver a wide variety of high-quality, low-cost products
quickly and thus it is strategically important as an order-winning criterion (Gerwin,
1993; Upton, 1995; Hill, 1994; Jordan & Graves, 1995). Only as flexibility is
added to total quality management capabilities and productivity improvement
efforts, can manufacturers be successful in highly competitive global markets.

Global competitions, including Japanese companies, are competing for and
winning orders based on their responsiveness to customer needs as well as
better quality and low cost. To be competitive, manufacturers should add
flexibility to their customer-valued competitive capabilities. Flexibility enables a
firm to meet a variety of customer needs without excessive cost, time,
organizational disruption, or loss of performance. Thus, flexibility is regarded as a
source of competitive advantage (De Meyer, Nakane, Miller & Ferdows, 1989).
Gunasekaran (1999) and Yusuf, Sarhadi & Gunasekaran (1999) advocate

flexibility and agility as the paradigm for the 21* century manufacturing.



The concept of flexibility appears widely in manufacturing literature (Gerwin,
1987 Hayes & Wheelwright, 1979; Hill, 1994). The past two-decade’s emphasis
on the strategic role of manufacturing sets a big stage for research on
manufacturing flexibility. From a strategic perspective, Skinner (1969) claims that
manufacturing is the missing link in corporate strategy and that firms integrating
manufacturing strategy with corporate strategy can achieve a competitive
advantage. He promotes building a flexible and learning organization by using
flexible technology and management techniques (Skinner, 1985). Hayes &
Wheelwright (1979) incorporate flexibility in discussing the product-process
matrix as a tool to coordinate the interfaces of marketing and manufacturing to
achieve unified corporate goals. Wheelwright & Hayes (1985) define a hierarchy
of manufacturing strategies (i.e., internal neutral, internal support, external
neutral, and external support) along the reactive-proactive use of flexible
technology. Hill (1994) states a manufacturing strategy model including flexibility
as an order-winner or order qualifier.

Besides the studies on the strategic nature of flexibility, the multiple
dimensions of flexibility have been offered in the literature. Slack (1983, 1987)
defines the differences between resource flexibility (e.g., machine flexibility) and
systems flexibility (e.g., mix flexibility). Correa & Slack (1996) distinguish
between the dimensions of systems flexibility (i.e., range and response) and
types of systems flexibility (e.g., new product flexibility and volume flexibility).
Upton (1994, 1995) defines flexibility as increasing the range of products

available, increasing a firm's ability to respond quickly, and achieving good



performance over the range of products produced. Although these authors have
made great efforts to define and measure flexibility, there is no unified concept
that is widely accepted, and many questions about flexibility remain unanswered.

First, the concepts and dimensions of flexibility are vague and ambiguous.
Many researchers point out that flexibility is a hard-to-capture concept (Sethi &
Sethi, 1990; Upton, 1995). Some writings capture partial dimensions of flexibility;
some writings mingle the dimensions of flexibility with the types of flexibility
(Barad, 1992; Gupta, 1993; Benjaafar, 1994). This imprecise language makes it
difficult to measure this concept and further impede empirical research efforts.

Second, there is a lack of theoretical explanation on the association of
flexibility with a sustainable competitive advantage. Some researchers
emphasize flexibility as internal resource and competence (Carter, 1986; Das &
Nagendra, 1993). They highlight task sequencing or dispatching disciplines (e.g..
routine flexibility) to embrace many possibilities and even to make one system
(e.g., FMS) with totally automated functions to deal with a variety of situations.
But such flexible system may not have external capability to enable competitive
advantage. Thus, the internal and external roles of flexibility need to be clarified
and connected.

Third, most studies exclusively focus on manufacturing flexibility; little is
ever mentioned about flexibility at product development, logistics (acquisition,
distribution/storage), or spanning activities. This is partially due to the past twenty
years' emphasis on the strategic importance of manufacturing for a firm to

compete in the global market. Since Skinner's landmark paper (1969), many



researchers have emphasized that manufacturing should interact directly with
customers; it should not be insulated from customers by buffers such as
marketing tactics and finished goods inventory (Thompson, 1967: Nemetz & Fry,
1988; Parthasarty & Sethi, 1992). These studies contribute to substantial
progress in research on the strategic benefits of manufacturing flexibility,
however, manufacturing flexibility alone is not sufficient to win competition.

In reality, fast and dramatic changes in customer requirements, competition,
and technology create an urgent need for flexibility across the whole value chain.
By looking at the order fulfilment as a process, the shop floor is only part of the
entire flow from customer request to customer receipt. It is apparent that no
single function could significantly reduce lead-time experienced by customer.
Only a companywide effort to increase flexibility and eliminate bottlenecks could
make the kind of difference needed to compete (Day, 1994; Blackburn, 1991:
Hamad & Prahalad, 1989; Yusuf, Sarhadi & Gunasekran, 1999). Therefore, value
chain flexibility must be broadly defined, and it includes (1) product development
flexibility, (2) manufacturing flexibility, (3) logistics flexibility, and (4) spanning
flexibility. That is, the organization should be able to deal with the internal and
external uncertainty along the value chain to meet the desired demands.

Value chain flexibility enables a firm to introduce new products more
quickly, support product customization, shorten manufacturing lead times, and
reduce inventory levels. Product development flexibility enables a firm to respond
quickly to the changing environment and customer expectations with product

modifications and new product commercialization (Sobek, Ward & Liker, 1999:



Srinivasan, Lovejoy, & Beach, 1997). Such flexible design and development
capabilities can increase the manufacturability of products by simplifying the
structure of the product and standardizing component parts (Clark & Fujimoto,
1991; Gerwin, 1987; Sethi & Sethi, 1990; Griffin, 1993). This, in turn, makes
manufacturing easier and fast.

Manufacturing flexibility enables firms to produce the needed quantity of
high-quality products quickly and efficiently through setup time reduction, cellular
manufacturing layouts, preventive maintenance, quality improvement efforts, and
dependable suppliers. These are predicated on machining, material handling,
labor, and routing flexibility (Boyer & Leong, 1996; Chen, Calantone & Chung,
1992; Koufteros, Vonderembse & Doll, 1998; Hyun & Ahn, 1992; Gupta, 1993;
Ramasesh & Jayakumar, 1991; Sethi & Sethi, 1990).

Logistics flexibility enables the smooth flow of materials, which facilitates the
production and deliveries of high-quality, value-added product (Porter & Millar,
1985; Day, 1994). Flexibility in physical supply, purchasing, physical distribution,
and demand management are key components of logistics flexibility (Lambert &
Stock, 1993, Porter, 1985). Spanning flexibility insures that different departments
or groups (inside and outside of the organization) can coordinate product design,
production, and delivery in ways that add value to customers (Hayes & Pisano,
1994, Day, 1994; Cooper & Zmud, 1990; Wheelwright & Hayes, 1985).

The next logical research question is how value chain flexibility can be
achieved? In literature, it is widely written that the effective use of advanced

manufacturing technology and information technology in design (CAD, CAE,



CAPP, etc.), manufacturing (CAM, FMS, GT, etc.), logistics (EDI, Bar code, etc.),
and administration (MRP, JIT, etc.) makes value chain flexibility more likely
(Boyer, Ward, & Leong, 1996; Small & Chen, 1995; Lei & Goldhar, 1991).
However, not all the firms who use technology fully gained the potential benefits.
The studies show that U.S. firms do not achieve enough flexibility compared with
Japanese firms although they use many flexible technologies (De Meyer,
Nakane, Miller & Ferdows, 1989).

The literatures on organizational learning (Leonard-Barton, 1992: Cohen &
Levinthal, 1990), innovation diffusion (Cooper & Zmud, 1990; Kendall, 1997), and
capability-based strategies (Day, 1994; Prahalad & Hamel, 1990; Barney, 1991)
suggest that technology has to be used in a human way. It means that
technology has to be infused to organization so that the potential of technology
can be exploited. Therefore, infusion of technology, defined as technology that is
fully understood, appreciated, and put to its best uses, is a useful concept to
explain the value-chain flexibility of an organization. It is a critical determinant of
the attainment of value chain flexibility together with successful implementation
and management of AMT and IT (i.e., routine use of technology).

The purpose of this research is to conceptualize value chain flexibility,
conjecture a nomological network of constructs that explain the causal
relationship between environmental uncertainty, infusion of technology, value
chain flexibility, and competitive advantage, and develop reliable and valid
instruments to support organizational and resource level research on flexibility.

This research examines the following questions: (1) What is flexibility / value



chain flexibility, including the dimensions and types of value chain flexibility? (2)
How can each component of value chain flexibility be consistently measured? (3)
What makes the difference for a manufacturer to be more or less flexible? 4)
How does flexibility as an order-winning criterion help achieve competitive
advantage, customer satisfaction, and financial performance? The analysis of
these substantial problems depends on the conceptualization and measurement
of the concept of value chain flexibility. Research in value chain flexibility is at the
critical cross road today with increased emphasis in developing theoretical
concepts and testing empirical relationships based on such concepts.
Specifically, the primary work of this study is (1) to develop flexibility-based
manufacturing theory including identification, definitions, and interrelationships of
key constructs for value chain flexibility in manufacturing firms; (2) to develop and
validate the measurement instruments of key constructs: environment
uncertainty, use of technology, infusion of technology, product development
flexibility, manufacturing flexibility, logistics flexibility, and spanning flexibility; (3)
to test the relationships among key constructs based on a large-scale survey of

national manufacturing firms in various industries.

A framework for examining value chain flexibility and its theoretical bases
are presented in Chapter 2. The research methodology and results for items
generation and pilot study appear ‘n Chapter 3. Large-scale survey methods and
results including model and hypotheses testing using LISREL are reported in
Chapter 4. Chapter 5 provides a discussion, recommendation for future research,

and conclusion.



CHAPTER 2: THEORY DEVELOPMENT

In order to cope with environmental uncertainty and win competition based
on flexibility, organizations have to be proficient across the whole value chain:
product development flexibility, manufacturing flexibility, logistics flexibility, and
spanning flexibility (Buzacott, 1998; Day, 1994; Aggarwal, 1997).

Each component of value chain flexibility falls into two categories: primary
flexibility and secondary flexibility. Primary flexibility is directly related to
customers’ purchase decision criteria such as product variety, product design,
volume, product mix, physical distribution, service and firm's strategic response.
Therefore, primary flexibility is a linkage between the corporate, marketing, or
competitive strategy, and the manufacturing strategy (Watts, Hahn & Sohn,
1993). Secondary flexibility is related to organizational competencies in terms of
processes and infrastructure to provide the desired level of primary flexibility.
These two categories assist managers in identifying what types of primary
flexibility are most critical to their relationship with their customers and what
secondary flexibility support the customer valued primary flexibility.

High flexible competence and capability along the value chain resuits from
the use of technology, integrated practices, employees’ invoivement, and
accumulation of knowledge. Thus, they have attributes of imperfect imitability and
substitutability, which lead to sustained competitive advantage for the firm such

as providing innovative products with low cost, high quality, dependable delivery,



and high speed. Such competitive advantages, in turn, create customer
satisfaction and superior financial performance.

As illustrated in Figure 1, the framework provides a nomological network
that describes the causal relationships among environmental uncertainty, use of
technology, infusion of technology, value chain flexibility, competitive advantage,
and performance. It can be used to study flexible and agile manufacturing on an
organizational or resource level and test the hypotheses and structural
relationships of the constructs.

Before developing and testing the relationships, it is theoretically and
conceptually sound to identify, define, and discuss the key constructs in the
framework through a review of the major literature and a discussion of the
theoretical logic or rationale.

2.1 ENVIRONMENTAL UNCERTAINTY

Environmental uncertainty is a main driver for a firm to seek flexibility
(Swamidass & Newell, 1987; Gerwin, 1986; Slack, 1989). Although
environmental uncertainty is widely studied, many arguments about the definition
of uncertainty and how to assess uncertainty exist: objective or perceptual.

The multiple definitions of uncertainty are offered in the literature (Matthews
& Scott, 1995):. lack of knowledge for decision-making (Duncan, 1972;
Thompson, 1967); choice (Child, 1972); complexity (Galbraith, 1973);
unpredictability (Cyert & March, 1963); and turbulence (Emery & Trist, 1965).
Gifford, Bobbitt & Slocum (1979) find two general notions of uncertainty that

characterize various approaches - information load (related to the complexity of
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decision situation) and pattern/randomness (distinguishing between patterns and
randomness of events). The classical definition of uncertainty as the inability to
assign probabilities to outcomes and of risk as the ability to assign these
probabilities is based on the differing perceptions of the existence of the orderly
relationships or patterns. They imply low uncertainty if data are available at the
time needed and if the decision-maker discerns a pattern of regularity among the
cues of the data. Lawrence & Lorsch (1969) develop a nine-item questionnaire
designed to measure uncertainty in the three sub-environments of marketing,
manufacturing, and research within organizations about the following
characteristics: (1) lack of clarity of information, (2) general uncertainty of causal
relations, and (3) long time span for feedback of results.

Thompson (1967) views organizations as open systems faced by ambiguity
and uncertainty, but requiring clarity and certainty in order to function in a rational
manner. In Thompson's theory, management's role is to reduce existing
uncertainties so that the organization can operate as efficiently as possible.
Uncertainty is defined as lack of information on goals, alternatives, and
consequences. A good deal of human behavior can be analyzed in terms of
efforts to deal with these problems by developing coping strategies which either
avoid, adjust to, reduce, or take advantage of the uncertainties (Gerwin &
Tarondeau, 1982).

However, the existence or nonexistence of information itself is not the only
factor that influences the uncertainty level under which an organization operates.

Such stimuli lack meaning until an individual or an organization perceives them.



12

Some authors suggest objective measures of uncertainty base on physical
attributes of the environment such as the number of product changes, the
number of competitors, technological factors, and the like. But the same
environmental changes can foster different levels of perceived uncertainty in
different individuals or organizations (Perrow, 1967). Downey & Slocum (1975)
propose that perceived uncertainty in the physical environment can be expected
to vary with (1) perceived characteristics of the environment (2) individual

differences in cognitive processes and behavioral response, and (3) social

expectations.

Jauch & Kraft (1986) review and summarize three different approaches to
environmental uncertainty: classical view, transition view, and process view. The
classical view emphasizes the belief that the reality of the objective external
environment influences decision, structure, and performance (March & Simon,
1958; Chandler, 1962; Cyert & March, 1963; Emery & Trist, 1965). The transition
view claims that the source of uncertainty is both external and internal and
decision-makers have choices and influence rather than an uncertainty
imperative (Thompson, 1967; Perrow, 1970; Galbraith, 1973). The process view
argues that decision-maker's perceptions, not objective properties of the
environment, mediate the link between uncertainty and system characteristics
(Lawrence & Lorsch, 1967; Duncan, 1972, 1973; Downey, Hellriegel & Slocum,
1977). It seems that research work on environmental uncertainty has shifted
away from “objective” to “perceived” environmental uncertainty (Jauch & Kraft,

1986). This does not mean, however, that the objective environment is not an
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important factor for organizational design or decisions. Just as Tinker (1976)
emphasizes that perceived uncertainty alone would reduce the study of
organizations to a “problem of psychoanalysis of actors”.

Facing such problems, some authors have suggested that it is necessary to
objectively measure environmental uncertainty as a means to validate the
perceptual measures (Starbuck, 1976), but such efforts result in inconsistent
findings (Snyder & Glueck, 1982). Therefore, either objective or perceived
environmental uncertainty construct needs to be considered carefully based on
the conducted research.

Duncan (1972) establishes relationships between the managers’
perceptions of uncertainty and some characteristics of the environment. He
originally identifies 15 sources of uncertainty (including government, labor, and
suppliers) in an organizational environment that involves two dimensions —
dynamism and complexity. His “dynamism” means the relevant factors for
decision-making are in a constant state of change, and complexity is the number
of interactive relationships relevant for decision making require a high degree of
abstraction. Duncan finds that the static/dynamic dimension of the environmental
uncertainty is a more important contributor to uncertainty than the
simple/complex dimension. But, as several authors (Child, 1972; Ettlie & Reza,
1992) have noted or found empirically, organizations typically concentrate
attention on just a few of these uncertainty elements — usually customers,
competitors, suppliers, and technologies in manufacturing industries. Managers

generally attempt, during the interviews, to translate the abstract term
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‘uncertainty” into the concept of change that is more meaningful and closer to
their activities such as unexpected changes in the availability of materials from
suppliers or changes in the set of tasks to be performed. Therefore, uncertainty is
regarded as attributes of unplanned change. Here, environmental uncertainty is
conceptualized as unexpected changes in terms of customers, suppliers,
competitors, and technology based on managers’ perceptions. The perceptual
uncertainty is used due to a lack of publicly available objective indicators and
substantial relatedness and usefulness of managers’ perceptions of
environmental uncertainty to their efforts in flexible capability building.
Specifically, Gupta & Wilemon (1990) think that such perceived
uncertainties come from the following factors: (1) increased global competition,
(2) continuous development of new technologies that quickly obsolete existing
products, (3) changing customer needs and requirements which truncate product
life cycles, and (4) increasing need for involvement of external organizations
such as suppliers, customers, and vendors. Bacon et al. (1994) argue that
successful firms understand their business unit's strategic directions, customer
and user needs, competitive product offerings, as well as currently available and
prospective technologies. Gerwin (1986) analyzes and lists different types of
uncertainty that a firm faces, for example, volume changes, customer preference
changes, and product mix changes. Consistent with these perspectives, we
adopt Ettlie & Reza's (1992) view on the important sub-constructs for perceived
environmental uncertainty and define environmental uncertainty as unexpected

changes of customers, suppliers, technology, and competitors (Table 2.1).
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Table 2.1 The Definition of Sub-constructs of Environmental Uncertainty

Construct Definition Literature
1. Environmental The extent of changes of customer, Loch, Stein & Terwisch
uncertainty supplier, technology, and competition. | (1996); Skinner (1985);
|

i Doll & Vonderembse
(1991); Cyert & March

(1963)

1.1 Customer uncertainty : The extent of changes of customer Gerwin (1987); Bacon,
needs, preferences, and purchasing Beckman, Mowery &
pattern Wilson (1994); Khurana

i & Rosenthal (1897)
1.2 Supplier uncertainty The extent of changes of suppliers’ i Gerwin (1987); Khurana
supply, design, and manufacturing & Rosenthal (1997)
__capacity ?
1.3 Technology uncertamty | The extent of changes of technology Gerwin & Tarondeau
“ in the industry that firm belongs to (1982); Gupta & Mileson
| (1990)
1.4 Competition uncertainty | The extent of changes of primary Gupta & Mileson (1990);

competitors’ nature and actions about | Khurana & Rosenthal
- product development and technology | (1997)
adoption

2.2 USE OF TECHNOLOGY

All variables about environmental uncertainty are beyond the control of firm
managers. None of these environmental requirements are compatible with mass
production. Thus, economies of scale seems the thing of the past and flexibility
management becomes de facto the new frontier.

With the new microelectronics and information technologies incorporated
into the process technologies, a new paradigm, economies of scope, is
establisned to challenge the concept of economies of scale since new
technologies make changeover time negligible. Such new technologies make it
possible to produce different products at the same rate as a single or a few
products. Specifically, the following three sub-constructs (Table 2.2) will be
discussed in the next section: (1) use of advanced manufacturing technology

(AMT) (2) use of information technology (IT) (3) managerial practices of

technology.
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Table 2.2 The Definitions of Sub-constructs of Use of Technology

Construct Definition Literature
12. Use of The extent to which firms use and integrate | Chiantalla (1982); Kotha &
Technology | AMT and IT in design, manufacturing, and | Orne (1989); Small & Chen
logistics, and the ways the technology is (1995); Zmud & Jacobs (1994);

used in management and work practices.
2.1 Use of AMT | The extent to which a firm uses advanced
] + manufacturing technology in design, Small & Chen (1995); Cooper
 manufacturing, logistics, and & Zmud (1990); Tracey,
administration.  Vonderembse & Lim (1999)

Boyer, Ward & Leong, 1996;

|
2.2 Useof IT ! The extent to which a firm uses information | Boynton, Zmud & Jacobs
technology in strategic planning, I (1994); Sethi & King (1994)
. operational decision, and internal and ’
external integration.

2.3 Managerial | The work practices reflecting people, Skinner (1969, 1974), Hayes &
practices of | policies and systems that make design, Wheelwright (1984); Leong
technalogy ! manufacturing, and distribution work, | (1990); Koufteros,

| including concurrent engineering, | Vonderembse & Doll (1998)
| improvement practices, and integration '
. practices.

2.2.1 Use of Advanced Manufacturing Technology

The role of production technology in modern firm's operations has been an
important theme of managerial research (Gerwin & Kolodny, 1992). In particular,
for discrete parts manufacturing, as the predictable world of assembly line
collapses, research is gradually concentrating on AMT such as cellular
manufacturing (CM) to achieve strategic benefits of flexibility. Lei, Hitt & Goldhar
(1996) explain that investments of AMT that provide significant economies of
scope produce strategic options that allow a firm to enter related markets that it
may potentially want to. In addition, CAD/CAM networks enable the firm to work
selectively with external designers, suppliers, customers, and other firms to
rapidly compress the product development and commercialization process. Then,
what types of AMT are utilized in modern firms? And how?

Since the late 1960s, group technology was brought up to improve

manufacturing — in particular for the cellular flow line (i.e., manufacturers who
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have to make a variety of different but similar parts). In the early 1970s, flexible
manufacturing systems (FMS) and robotics began to attract interest. These
offered solutions to the problems of job shops by reducing batch sizes for a
variety of parts through short changeover, setup, and tool-changing time at
machines. By the 1980s, however, the success of Japanese manufacturing
techniques - in particular Just-In-Time (JIT) and total quality management (TQM)
shocked the manufacturing fields. Accordingly, many manufacturing
organizations tried to apply these ideas to their operations.

In literature, many AMT categories can be found. Small & Chen (1995)
provide the following categories based on different justification techniques of
AMT investment: stand-alone systems (CAD, CAPP, NC, CNC, DNC, etc.),
intermediate systems (AS/RS, AMHS, AIS, etc), and integrated systems (FMC,
FMS, CIM, JIT, MRP, etc). Boyer, Ward, & Leong (1996) identify three types of
AMTs based on an empirical analysis of the patterns in which companies invest
in advanced manufacturing technologies: design (CAD, CAE, CAPP),
manufacturing (CNC, CAM, FMS, GT, CM, AMHS), and administration (MRP,
JIT, MRPI). Similar classification can be found in the work of Rosenthal (1984),
Meredith (1987), Adler (1988), Lei & Goldhar (1991), and Saraph & Sebastian
(1992). In summary, AMT is used primarily in the activities of product and
process design (CAD, CAE, CAPP, GT, & CM), manufacturing planning and
control (MRP, JIT, MRPIi, CPM), the production process (NC, CNC, FMS, FMC,
AS/RS, AGVS, CAl), and in their integration (LAN. WAN, CAD/CAM, CIM)

(Gunn, 1987). Such AMT automation can be adapted to a variety of uses through
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computer programming, while AMT integration creates links among these
elements. Therefore, the use of AMT makes possible the partial flexibility through
programmable automation and the system flexibility through integration of
technology.

If integrated manufacturing only focuses on automating manufacturing
activities as far as possible (e.g., firms use robots, NC, and AMHS and integrate
individual fabrication, inspection, assembly, and material handling into flexible
manufacturing or assembly systems) to maximize the speed and reliability of
information transmission, then all uncertainties have to be anticipated in advance
so that appropriate response and design can be implemented. Thus, such
automation and integration are the most appropriate in an environment that all
changes can be anticipated and recognized sufficiently in advance. But
environment is perceived as inherently unstable. It is difficult and expensive to
anticipate disturbances and prepare corresponding programmed responses.
Therefore, the organization needs to provide flexible facilities and ensure that
people are inherently flexible and able to respond to new situation through
experiences, education, and training. Furthermore, they can work as a team to
maximize the effectiveness. These problems will be detailed in 2.2.3.

2.2.2 Use of Information Technology

As environments change dramatically, organizations are increasingly
concerned with making more effective use of information technology (IT).
Information technology is used in an organization to perform certain functions

(e.g., facilitate problem solving / decision making, strategic planning, and
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coordinate work activities horizontally and vertically). How extensively IT is used
to perform these functions determines the degree of flexibility that organization
can achieve.

Hirschhorn & Farduhar (1985) identify three functions: (1) decision support,
(2) work integration, and (3) customer service. Doll & Torkzadeh (1998)
conceptualize and measure IT use as multidimensional construct (1) problem
solving, (2) decision rationalization, (3) horizontal integration, (4) vertical
integration, and (5) customer service. Ives & Jarvenpaa (1991) and Boynton,
Zmud, & Jacobs (1994) define IT use as the application of IT within an
organization’'s operational and strategic activities. Specifically, IT use involves the
extent to which IT takes the form of cost reduction, management support,
strategic planning, and competitive thrust applications. Based on the above
conceptualizations, the following three sub-constructs of IT usage are to be
discussed in detail: strategic planning, operations decisions, and internal &
external integration.

On the strategic use of IT, Ramasech & Jayakumar (1993) argue that a
strategic analysis should involve the strategic fit and competitive advantage of IT.
Many writers hold that IT needs to be used as a strategic weapon (McFarlan,
1984, Parson, 1983, Henderson & Venkatraman, 1993). Sabherwal & King
(1991) and Sethi & King (1994) conceptualize and measure the strategic use of
IT as functionality (i.e., resource management and resource acquisition), cost
efficiency of IT use, synergy (ie., integration with business goals),

preemptiveness, and threats (i.e., impact of IT use on the bargaining power of
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customers and suppliers). Segars & Grover (1998) define and measure IS
planning success using four dimensions of alignment, analysis, cooperation, and
planning capability. These literatures provide a solid foundation for
conceptualizing and measuring use of IT in the strategic planning. The strategic
use of IT refers to the extent to which IT is used to support managers’ effort to
formulate business strategies.

On the operational use of IT, empirical studies are characterized by a
narrow and quantitative concept of usage such as hour of use (Ettama, 1985),
frequency of use (Benbasat, Dexter & Masulis, 1981), the number of features
used (Green & Hughes, 1986), the number of messages sent or received on an
average day (Straub, Limaryem & Karahanna-Evaristo, 1995), and the extent of
IS use to support production activities (Baroudi, Olson & lves, 1986). But such
definitions and measures only consider the amount of use. The concept needs to
be extended as the extent to which IT is used to monitor, control, and design
business activities, and thus reduce cost of business operational activities.

Work integration includes both vertical and horizontal integration of job
tasks. IT shapes the extent of the division of labor within the flow of work
(horizontal) and between the managers and the managed (vertical). IT facilitates
the communication and sharing experiences among the members of a work
group. Likewise, IT can be used to provide more differentiated and customized
service to external clients. Therefore, work integration can be expressed as two
concepts: internal integration (i.e., the extent that IT is used to communicate

among internal work group members) and external integration (i.e., the extent
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that IT is used to connect with external customers). Such integrated use of IT can
increase the organizational flexible response capability.
2.2.3 Managerial Practices of Technology

Influenced by the development of the new process technologies such as
CNC, FMS, and the like, many authors (Gupta & Goyal, 1989) associate the
flexibility with technology resources only, ignoring other resources in
manufacturing system: people and infrastructure. Blackburn & Millen (1986) and
Schonberger (1986) argue that systems can achieve flexibility with simple and
cheap machines as long as they are utilized with the reduction of setup time.
Whether the benefits of technology use can be realized or technology can be
routinized depends not only on what technology is used, how often it is used but
also on how it is used. Jakumar (1986) reports that most American firms who
adopt FMS are inflexible because of the lack of the supportive managerial
systems. Therefore, flexible automation is not sufficient to ensure the attainment
of flexibility and flexible technology can be used in a non-flexible way.
Accordingly, technology, people, and systems need to be integrated to achieve
the flexibility benefits. From a macro perspective, it depends on managerial
practices of technology; From a micro perspective, it depends on the human side
of technology (employees’ sensemaking). The latter part will be discussed in the
section of infusion of technology. Here the following three management practices
will be discussed: (1) concurrent engineering practice, (2) improvement practice,

and (3) integration practice.
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Concurrent engineering practice. Concurrent engineering is the extent to
which product and process design are done simultaneously. An important
concept related to managerial practices of technology is time-based competition,
which emphasizes time as a competitive weapon. Time and inventory are related
by Little’'s Law -- time-in-process equals work-in-process multiplied by the mean
time between successive releases. The same logic can be applied to the speed
of response to orders and speed of developing a new product. The development
of a new product is concerned not with the processing and movement of
materials, but with the communication of ideas. Therefore, serial structures for
processes are not as appropriate as parallel structures that promote collaborative
activities.

Product development (PD) literatures roughly classify PD schemes into two
categories: phased product development (PPD) and integrated product
development (IPD). An activity orientation stimulates the phase review, which
underwrites an activity completion check by senior management. Implicit in the
review process is a lack of trust. Phase reviews during development have been
attacked because they do not add value. The development team needs time to
prepare for them, frequently giving pre-review presentations to functional
managers. It must also deal with the lack of detailed knowledge on the part of
reviewers, many of who cannot ask good questions because of a lack of firsthand
understanding.

IPD approach establishes its development path using concurrent and

overlapping development practices that accent early planning and decision



23

making. The focus is on intense communication and information gathering
among team members. This allows development to move swiftly using partial
information, thus blurring structured phases of development. The advantages
are as follows: (1) A balance of power is achieved between project teams and
senior management; (2) Empowering teams are responsible for project concept,
resources, and delivery; (3) Focusing on the early stage of development and
including all stakeholders can coordinate product and process design; (4) Time-
to-market is enhanced by the team’'s decision control, funding control, and
commitment to results that they own.

While PPD comes from a more traditional, hierarchical, and functionally
segmented organization, IPD stems from an independent, innovative, team-
oriented, and informal development company. The core difference between the
two approaches is that PPD is activity oriented whereas IPD is information and
decision oriented. PPD leads to viewing new product development as a
structured activity chain — breaking activities into a predetermined, step-by-step
flow chart. The mindset is: How do we control this complex process and
delineate it into progressive, rational steps and activities as a product’'s
development matures? IPD starts from a different focal point, perceiving
development as an invisible information and decision-making process rather than
a tangible compartmentalization of building block activities along a product
maturity curve. The mindset is: What information is needed for development
decisions, and how efficiently can information be gathered to make critical

decisions in the development process as early as possible? The entailed
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concurrence becomes the platform for systematizing the product development
process and guides the way people interact and exchange information within it.
Even though various models for managing a new product development
process are suggested, the basic progression of activities over the course of the
process is similar. In addition to stage-gate process, processes such as cycle-
time excellence (facilitator-implemented stage-gate system), concurrent
engineering approaches (activities undertaken in parallel) are widely used.
Quality function deployment (incremental improvements and information
structure) and value proposition process (continuous learning and continuous
cycling) have been employed in order to improve development outcomes (Griffin
& Hauser, 1996; Wheelwright & Clark, 1992). Accordingly, concurrent
engineering is a good indicator of the overlapping nature of various phases, and
it is a systematic approach to the integrated, concurrent design of products and
their related processes, including manufacture and support (Shina, 1991: Bicknell

& Bicknell, 1995).

Improvement practice. Improvement practice is the extent to which a firm
commits to continuous improvement. Toward the end of the 1970s, Japanese
companies began to assault world markets with increasing ferocity. Japan's
success is the triumph of sheer manufacturing virtuosity. From the outside view,
the attractiveness of their products lies in both their low cost and high quality;
From the inside view, their success lies in their flexible competence with speed.
Their emphasis on ‘“repetitive manufacturing”, “Just-in-time" production

scheduling, and smooth work flows cause them to be obsessive in their pursuit of
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the long runs of limited product lines. And their emphasis on “continuous
improvement” appears to mirror improving learning curve. Many Japanese
companies achieve lower cost, higher quality, faster product introduction, and
greater flexibility — all at the same time, which is termed “lean manufacturing".
This refutes the necessity of “focus” and “trade-off" that Skinner advocated. Lean
producers employ teams of multi-skilled workers at all levels of the organization
and use highly flexible, increasingly automated machines to produce volumes of
products in enormous variety (White, 1996).

The "Japanese” and “lean” approach to manufacturing became the dogma
of manufacturing management during the 1980s and 1990s. It is characterized by
an emphasis on quality, flexibility, and speed over volume and cost. People
should broadly be trained rather than specialized. No amount of rejection and
variation is accepted: the organization should work tirelessly to reduce them.
Communication should take place informally and horizontally, among line
workers rather than via prescribed hierarchical paths. Equipment should be
general-purpose (preferably using programmable automation) and organized in
cells designed to produce a group of products, rather than specialized by process
stage. Throughput time is more important than labor or equipment utilization
rates. Inventory is considered “waste” like rejects. Supplier relationship should be
managed on the basis of trust with cooperative problem solving.

The main ideas for JIT are reducing inventory (i.e., lowering the water to
reveal the rocks), eliminating any non-value-added processing steps, identifying

all sources of variability, uncertainty, or disturbances and then eliminating, if
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possible, or reducing their magnitude. Therefore, the systems will respond.
Typical practices include setup time reduction, preventive maintenance, cellular
manufacturing, and pull production.

TQM begins with a focus on the customer (external and internal) and
meeting the customer needs. This results in an emphasis on links between work
groups, in particular on the impact that variability originating from one group has
on that group’'s customers and suppliers. Thus improved communication and
feedback between work groups can benefit the whole systems. The activities
associated with TQM are continuous improvement of processes. The search for
improvement opportunities has to involve all group members, thus employees
need to be trained in team skills and problem-solving skills.

The best place to provide response competence is as close to the source of
the problem as possible. We should respond immediately, not wait until
information about the need is transmitted up the organizational hierarchy and
down to the staff expert. People have to be trained and motivated to deal with
problems as they occur, and the closest person who has the competence should
deal with the problems. Competence has to be widely diffused, down to the level
of the individual worker. Also, different peopie have different skills, thus small
teams are more effective than individuals for problem solving. Typical practices
include employee involvement and quality improvement efforts.

Such time-based manufacturing practices (Koufteros, Vonderembse & Doll,
1998) reduce WIP and lead time, thus increase response speed and improve the

flexible capability. Naylor, Naim & Berry (1999) provided theoretical support that
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lean (time-based) practices can be integrated with agile (flexible) manufacturing
along the value chain because both have key characteristics: use of market
knowledge and response to market, virtual corporation/value stream, lead time
compression, eliminate waste, and rapid reconfiguration.

Integration practice. Integration practice is the extent to which a firm

integrates decisions and operations. The concept of integration corresponds to
Weick's (1976) concept of loose coupling. Orton & Weick (1990) define and
interpret the loose coupling mechanism in two dimensions: responsiveness
(independence — dependence) and distinctiveness (determinate — indeterminate).
If a system does not have distinctive quality, it is not really a system and is non-
coupled. A system that is responsive but not distinct is defined as tightly coupled.
If it is distinct and not responsive, it is decoupled. If a system is distinctive and
responsive, it is loosely coupled and thus integrated.

Ettlie & Reza (1992) summarize the literature of organizational integration
and find four broad areas: (1) contingency model of integration (Lawrence &
Lorsch, 1967), (2) interdependency of subunits in the organizations (Nemetz &
Fry, 1988; Collins, Hage & Hull, 1988), (3) interfirm and interindustry connections
(Clelland & Finkelstein, 1990), and (4) technology as an occasion for structuring
(Orton & Weick, 1990; Markus & Robey, 1988). They propose four integration
mechanisms associated with process innovation based on Porter's (1985) value
chain model: (1) customer integration (market-directed integration), (2) design-
manufacturing integration, (3) hierarchical integration, and (4) supplier

integration. Because these integration practices are related to managerial



28

practices of technology along the value chain, their conceptualizations of
integration practices are adapted in this research to study the relationships of
integration practices and value chain flexibility. The integration practices
included in this research are (1) hierarchical integration, (2) work team
integration, (3) customer integration, and (4) supplier integration.

The first type of value-added integration is hierarchical integration. A
hierarchical system will operate effectively with a high degree of power sharing
between levels (Walton, 1985) and coordinated decentralization (Collins, Hage &
Hull, 1988; Dewar & Dutton, 1986). Lei, Hitt & Goldhar (1996) thought that
integration results in a combination of both organizational distinctiveness and
responsiveness that help firms achieve a careful balance of centralization and
decentralization. From the bottom up, the centralization of hierarchies increases
responsiveness while, from the top down, the decentralization of hierarchies
supports the autonomy and distinctiveness. Therefore, hierarchical integration is
necessary to achieve responsiveness and flexibility.

The second type of value-added integration is teamwork integration. Some
authors suggest that design-manufacturing integration will be paramount to the
capture of the value via process innovation (Collins & Colleagues, 1988; Gerwin,
1988; Souder & Padmanabhan, 1989). For product innovation, studies have
suggested that close integration of marketing and R&D is important (Mansfield &
Wagner, 1975; Griffin & Hauser, 1996). Here, the concept of integration of design

and manufacturing or marketing and R&D are extended as cross-functional work



29

team integration, which includes all teamwork across functions, departments, or
other boundaries.

The third type of value-added integration is supplier integration, which is
defined here as the suppliers of the components and raw materials participate in
the firm's activities. Handfield & Pannesi (1995) provide the convincing evidence
that supplier involvement is one of the preconditions of time-based competition
and thus flexibility.

The fourth and final type of value-added integration is customer integration,
which is called market-directed integration (Teece, 1988: Ettlie & Reza, 1992).
Lengnick-Hall (1996) thought that customers can not only receive what an
organization produces and delivers, but they also can directly and indirectly
influence the operations and outcomes of an enterprise. From an input —
transformation — output systems perspective, two customer roles are at the
input/upstream side of organizational activity: the customer as resource and the
customer as co-producer. Three roles cluster at the output/downstream side of
the system: the customer as buyer, the customer as user, and the customer as
product (Lengnick-Hall, 1996). Therefore customer involvement can reduce
uncertainty from the input and output side of product development and
manufacturing, and thus increase the organizational capability of timely and
accurate response.

The three major managerial practices are important to the routine use of
technology to achieve value chain flexibility, but whether or not the flexible

potential of technology can be exploited ultimately depends on the potential and
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the feeling (sensemaking) of human (or workers) who use technology. This wil

be detailed in the next section.

2.3 INFUSION OF TECHNOLOGY

Customers have demanded an increasing variety of products with shorter
life-cycles; competitors have been more and more competent; the rate of
technology development may have outstripped the ability to use it to its full
advantage or even understand its potential (Voss, 1986). These conditions
demand an increasing capability to respond well to changing circumstances or
develop flexibility in other words. Just due to technological rapid changes, does
the firm under-use (at best routine use) the new technologies. An organization
has to be managed to transform technological potential flexibility into actual
flexibility. Great efforts have been put in trying to work out how to do it effectively
but results are unsatisfactory.

In industrial engineering literature, research on flexibility focuses on the
equipment involved in the production process, generally labeled flexible
manufacturing systems (FMS), with a quite technical approach which
emphasizes task sequencing or dispatching disciplines. They try to make one
flexible system with totally automated functions to deal with a variety of situations
such as flexible machining tools and hardware-based simulator using processors
to capture real-time data and process those data based on stored algorithms in
processors. This is a technical-orientation research paradigm. The organizational
behavior researchers are primarily concerned with the flexibility of the human

resources and they use tools such as behavior theory, psychology and sociology
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of work, while industrial organization researchers focus on flexible organizational
structure. Both organizational behavior researchers and organizational theory
researcher are using social-oriented paradigm. We follow the social-technical
research paradigm with emphasizing the infusion of technology in organization,
which in turn provides the flexible competence and capability.

In innovation literature, Cooper & Zmud (1990) study MRP use and provide
the six steps of technological implementation: initiation, adoption, adaptation,
routinization, and infusion. They argue that most cases end up with the
routinization stages, then engineers leave. Therefore, the potential of technology
cannot be exploited. Kendall (1997) provides the similar steps: technological
invention and discovery, technological emergence, technological acceptance,
technological sublime, and technological surplus. Here, Technological sublime
(infusion) means, “technology is fully understood, appreciated, and put to its best
uses”. Zuboff (1988) holds that AMT and IT provide the potential of automating
and informating work, but most people use technology only as automation and
never attempt to exploit the informating capability of technology, thus feel
frustrated when new problems happened. Therefore, in order to realize the
potential of technology, the human side of technology has to be explored.

Robotics, CAM, FMS, and so on make possible the flexible process, but
new process technologies have not proved to be so flexible and influential in
America. Hayes, Wheelwright & Clark (1988) provided the results of multiyear
research projects on manufacturing performance of plants in Japan, America,

and Europe, covering a wide range of industries, including automobiles,
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semiconductor, electronics, steel, textiles, consumer packaged good,
pharmaceuticals, medical products, advanced ceramics, and chemicals. They
argue that “there is one common denominator in high-performance plants: an
ability to learn - to achieve sustained improvement in performance over a long
period of time. When assessing a manufacturing organization, learning is the
bottom line."

Hayes, Wheelwright & Clark’'s analysis confirms that capital investment in
new equipment and technology is essential to sustained growth in performance
over long periods of time but simply investing money in new facilities does not
guarantee improvement. Long-term growth in productivity and quality is not
primarily attributable to advances in raw technical competence embedded in new
machinery. Of greater importance is the impact that capital investment plays in
driving continual improvement throughout the production organization.

The importance of learning indicates the need for a much closer look at the
human side of the factory. Especially, in order to achieve sustained improvement
in performance, the people in the organization and the way they are linked to
other elements of manufacturing should become the focus of attention besides
technology investment, the systems, and procedures, which dominate our
thinking and analysis when we are studying manufacturing. The learning
literature is briefly reviewed as follows.

It is widely agreed that learning consists of the two kinds of activity:
“Learning " and “Learning II" (Bateson, 1973) or "Single-loop learning” and

“Double-loop learning” (Argyris & Schon, 1978). Learning | or single-loop learning
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is obtaining know-how in order to solve specific problems based on existing
premises. Learning Il or double-loop learning is establishing new premises (i.e.,
paradigms, mental models, or perspectives) to override the existing ones. The
creation of knowledge certainly involves interaction between these two kinds of
learning, which forms a kind of dynamic spiral. Besides single-loop learning and
double-loop learning, Mckee (1992) suggests meta-learning. Meta-learning
involves institutionalizing the ability to learn (Bateson 1972). Senge (1990)
argues that the learning organization has the capacity for both generative
learning (i.e., active) and adaptive learning (i.e., passive) as the sustainable
sources of competitive advantage. He advocates the following five disciplines: (1)
systems thinking (2) personal mastery (3) mental model (4) shared vision (5)
team Learning. He emphasizes the importance of systems thinking as the
discipline that fuses all five disciplines into a coherent body of theory and
practices.

Nonaka & Takeuchi (1995) argue "knowledge development constitutes
learning”.  Organizational learning is an adaptive change process that is
influenced by past experience, focused on developing or modifying routine, and
supported by organizational memory. Especially, double-loop learning or
unlearning is related to organizational development, which implicitly or explicitly
assumes that someone inside or outside an organization objectively knows the
right time and method for putting organizational development program (double-
loop learning) into practices. Seen from the viewpoint of organizational

knowledge creation, double-loop learning is not a special, difficult task but a daily
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activity for the organization. Organization continuously creates new knowledge
(tacit and explicit) by reconstructing existing perspectives, frameworks, or
premises on a daily basis through four conversion activities: socialization,
internalization, combination, and externalization.

Kim (1993) develops a model that links individual learning (observe-
assess-design-implement) and organizational learning through mental models
and that explains how individual learning can be transferred to the organization.
While individuals are the agents through which organizations learn, individual
learning must be communicable, shared publicly, and integrated for it to
become “organizational” (Duncan 1974; Nonaka & Takeuchi, 1995).
Communication, knowledge sharing, and information distribution processes are
instrumental for making individual insights and know-how accessitle to others
since the information from highly differentiated individuals is facilitated,
validated, and accepted by interactive and relational learning processes that
enable debate, clarification, and varied interpretations (Daft & Lengel 1986).
This view suggests that knowledge such as new formulas, specifications,
theories, procedures, or typologies is the outcome of organizational learning
processes. It is through the social interaction and exchange that knowledge
about action-outcome relationships and the effect of the environment on these
relationships is developed (Duncan & Weiss 1979). Changes in states of
knowledge as an outcome suggests that organizational learning processes are

simultaneously interactive and interpretive, social, and cognitive.
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Weick (1990) state that AMT and IT are simultaneously the source of
stochastic, continuous, and abstract events, and thus require ongoing
structuring and sensemaking if they are to be managed. This is consistent with
Leonard-Barton’s (1988) view that technology and organizations adapt to each
other in cycles. Tyre & Orlikowski (1994) find that these windows of
sensemaking are rare unless an unusual event provides a trigger that connect
technology features and sensemaking, thus such improvement has to be
managed periodically as Japanese firm does.

Although AMT includes the hardware, software (codified procedures), and
human components, AMT puts more emphasis on software (computer
programming) for control purposes. Computer-based technology and automation
is self-regulating and machines control the whole process. But this kind of control
creates the new source of errors and such new errors require workers to take
care of. That is, machines control the first-order errors and workers control the
second-order errors. Therefore, the workers' skills are required to change from
the ability to execute to the ability to solve problems and the ability to learn.
Therefore, planning and probiem solving should be pushed down to the floor
worker's level because of the intellectual nature and intensive information of work
itself (Hirschchorn 1981; Zuboff, 1988; Shaiken, 1986). Furthermore, there are
more needs for training (Weick, 1990). Instead of working individually, workers
form self-directed teams. Learning and accumulation of knowledge are more

important than control.



36

Zmud & Apple (1992) conceptualize and measure the infusion of electronic
scanner in supermarket chains with specific environment. Motiwalla & Fairfield-
Sonn (1998) measure the impact of expert systems using efficient, effectiveness,
innovation, and quality of work life. Torkzadeh & Doll (1999) provide instruments
of infusion (impact) of IT: (1) task productivity, (2) task innovation, (3) customer
service, and (4) management control. Here, the above conceptualization is
extended with general terms and includes the following four dimensions (Table
2.3). (1) task efficiency, (2) task innovation, (3) quality of work life, and (4)
learning and knowledge accumulation.

Table 2.3 The Definitions of Sub-constructs of Infusion of Technology

Construct Definition Literature
3. Infusion of Technology | The extent to which technology is fully | Cooper & Zmud (1990);
understood, appreciated, exploited, Kendall (1997)

and put to its best use :

3.1 Task productivity The extent to which technology is used | Weick (1990); Zuboff

to improve employee’s productivity | (1988)

3.2 Task innovation The extent to which technology is used | Hirschhorn (1981); Zuboff

to help employees create and try out i (1988); Boynton, Zmud &
' new ideas in adapting products, . Jacobs (1994)

. services, and processes to meet |

internal and external customer needs

accumulation explicit) about technology and the

extent of learning & knowledge sharing

3.3 Quality of work life . The extent of employees’ affective Motiwalla & Fairfield-
: responses to working and living in the | Sonn (1998); Zmud &
| organization Apple (1992)
3.4 Learning and i The extent of empioyees and Nonaka & Takeuchi
knowledge ‘\ managers’ knowledge (tacit and (1995); Kim (1993)
1

The first two dimensions emphasize the extent that employees create and
try out new ideas in adapting product, services, and processes to meet internal
and external customer needs, and further improve efficiency. The last two
dimensions capture employees' feeling and learning. Employees fully use

technology to informate and automate their work. Such practices of trial-and-error




37

and experiment increase employees' tacit and explicit knowledge about
technology, and thus workers can use technology in a flexible way based on their
solid knowledge base and hand-on experiences. A good learning environment
also increases employees' skills and motivates workers to learn continuously,
and thus employees have strong feeling of belong to the organization. Learning
and innovating in the organization become an inseparable part of employees' life.
Therefore, the flexible potential of technology can be fully exploited.

2.4 VALUE CHAIN FLEXIBILITY

In order to deal with environmental uncertainty, the organization has two
ways to balance the demand and supply: (1) inventory and (2) flexibility in value
chain, which allows the company to alter the activity rate on the factory floor so
as to satisfy the demand fluctuations without severe disruption. Because it is well
accepted that large inventory hides all the problems and raise the cost, the firm
seeks another way to cope with uncertainty: value chain flexibility, which is
defined as the ability of the organization to deal with the internal and external
uncertainty along the value chain so as to meet the desired demands quickly and
performance-effectively.

Regarding the contents of manufacturing strategy, two main content areas
are divided: competitive priority (Leong, Snyder & Ward, 1990) or order winning
criteria (Hill, 1994) and decision areas. The literature points out six main
manufacturing objectives: cost, quality, delivery speed, delivery dependability,
service, and flexibility. In the history, cost efficiency appears to be key

manufacturing competitive priority in the 1950s and 1960s. From the 1970s to
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1980s, quality replaced it. From the1990s on to the next century, flexibility
(including quick product introduction), delivery speed, and delivery dependability
become primary order winning criteria together with cost and quality. Therefore,
flexible or agile manufacturing has been advocated as the 21%' century
manufacturing paradigm (Gunasekaran, 1999; Yusuf, Sarhadi & Gunasekaran,
1999).

Stalk & Hout (1990) hold that time will be the next source of competitive
advantage. Therefore, the companies that manage to reduce the time span of
their processes will take the lead in the near future. Since flexible system
responds quicker to the variety of customer needs without loss of cost, flexibility
and time-based competitiveness are somehow linked as manufacturing priorities.
Through the comparison of large manufacturing companies in Europe, Japan,
and America, De Meyer (1986) argues that manufacturing companies realized
that there is no tradeoff of quality and cost in the 1980s, whiie the 1990s has the
potential to be an era without the tradeoff of flexibility and cost efficiency. De
Mayer contends that Japanese companies achieve current leadership and
advantage in term of quality over American and European competitors to
concentrate on their efforts on the tradeoffs between flexibility and cost.

As a response to increasingly turbulent environment, flexibility can be seen
as one of the most valuable features a company can possess. Based on Hayes &
Wheelwright's (1984) four-phases model (internal neutral, external neutral,
internal support, and external support), whatever role (reactive or proactive)

manufacturing plays, flexibility, which provides quick reaction to environmental
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and internal unexpected changes without loss of cost efficiency, will be critical
priority for the next decade's competitive battle. The literatures in capability-
based strategies provided the strong theoretical support for value chain flexibility
as competitive priority.

How does a business achieve and maintain a superior competitive position?
The capabilities or resource-based theories provide a compelling explanation that
two related sources of advantages are assets and capabilities (Day, 1994). The
competitive forces approach (Porter, 1985), the dominant strategic paradigm,
puts the emphasis on the intensity of competition in the industry and market
segment that determines the profit potential. This approach is rooted in the
structure — conduct — performance paradigm of industrial organization (Mason,
1949; Bain, 1959). How to achieve a defensible cost or differentiation position in
an attractive market and keep their rivals off the balance through investment,
pricing and signals is the main concern.

Despite the considerable insight the Porter framework provides for scholars
and practitioners, the fascination with short-term barrier building will distract
managers from seeking to build more enduring sources of competitive
advantage. This approach unfortunately ignores competiton as a process
involving the development, accumulation, combination and protection of unique
skills and capabilities (Teece, Pisano & Shuen, 1997). Building on foundations
laid years before by Schumpter (1942) and Penrose (1959), Wernerfelt (1984)
argues that strategic analysis should shift its attention from industry forces and

product market positioning to developing and exploiting the unique set of
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resources (e.g., technical and organizational skills) upon which a firm’s long-term
profitability depended.

Prahalad & Hamel (1990) contend that firms should focus on building core
competencies that could create competitive advantages in a variety of markets.
Numerous subsequent articles supplement Hamel & Prahalad’s initial work on
competence and extend the initial concept to an abstraction identified as core
capabilities. Teece, Pisano & Shuen (1997) provide an explicit statement of the
dynamic aspects of the resource-based view that they labeled the “dynamic
capabilities approach”. They argue that firm should be viewed not just as a
portfolio of assets and separable businesses, or even as a bundle of human
resources and organizational capabilities, but also as a set of mechanisms by
which new skills and capabilities are selected and built. Stalk, Evans & Shulman
(1992) make the following distinction: “... whereas core competence emphasizes
technological and production expertise at specific points along the value chain,
capabilities are more broadly based encompassing the entire value chain. In this
respect capabilities are visible to the consumer while core competencies rarely
are”. Therefore, a firm's capabilities are particularly useful in strategic-level
analysis.

The capabilities approach locates the sources of competitive advantage in
the distinctive capabilities along the value chain (Penrose, 1959; Learned et al.,
1969). Day (1994) provides a framework to study capabilities along the value
chain. He argues that capabilities could be sorted into three categories,

depending on the orientation and focus of the defining processes. At one end of
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the spectrum are those that are deployed from the inside out and activated by
market requirements, competitive challenges, and external opportunities (e.g.,
manufacturing, logistics, and transformation activities). At the other end of the
spectrum are the outside in capabilities such as marketing sensing, customer
linking, channel bounding, and technology monitoring. Finally, Spanning
capabilities are needed to integrate the inside-out and outside-in capabilities
such as strategy development and information dissemination. Therefore,
flexibility along the value chain can at least be identified as the following four
components: (1) product development flexibility, (2) manufacturing flexibility, (3)
logistics flexibility, and (4) spanning flexibility. Each component includes two
categories based on Stalk, Evans & Shulman (1990): (1) capability and (2)
competence. Watts, Hahn & Sohn (1993) label these two categories as (1)
primary flexibility and (2) secondary flexibility. Flexible capability is related to
consumers’ purchasing decisions while flexible competence plays supportive and
auxiliary roles.

Before each component of value chain flexibility is discussed, the concept of
flexibility needs to be clarified.
2.4.1The Dimensions of Flexibility

The improvement of flexibility has become increasingly important in
achieving competitive advantage in manufacturing (Beckman, 1990; De Meyer et
al., 1989). One of the main impediments to its improvement has been the
vagueness of the term. The literatures show that flexibility is a complex,

multidimensional, and hard-to-capture concept (Sethi & Sethi, 1990). The



42

confusion and ambiguity about this concept seriously inhibits its effective
management (Upton, 1995). Academic work on this subject has been carried out
in a wide variety of fields. With regard to manufacturing, the relevant literature
derives from three primary sources: economics, organizational sciences and

manufacturing management.

Economic View. Stigler (1939) considers a plant to be flexible if it has a

relatively flat average cost curve and notes that “flexibility will not be a free good:
a plant certain to operate x units of output per week will surely have lower costs
at that output than a plant designed to be efficient from fluctuating X/2 to 2x units
per week.” That is, a plant will be inflexible if it operates in the varying outputs
with the corresponding varying average cost. Marschak & Nelson (1962) argue
that minimum average costs (i.e., the slope of the marginal cost curve) vary
inversely with flexibility.

Marschak & Nelson (1962) hold that the greater the flexibility in decision
making the greater the value of information gathering, which corresponds with
the notion that good current actions may be those that permit good later
responses to later observations. Jones & Ostroy (1984) emphasize: “the way
flexibility is used to exploit forthcoming information may be dictated by attitudes
toward risk; but flexible positions are attractive not because they are safe stores
of value, but because they are good stores of options.”

Carlsson (1989) suggests two types of flexibilities. Type | flexibility is related
to risk and refers to the firm's positioning itself to deal with foreseeable events. It

is built into production processes so that the organization can produce dissimilar






