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The highly uncertain post-industrial envitonment has presented unprecedented
challenges to the U.S. manufacturing firms. To succeed in this turbulent environment
characterized by growing global competition, changing customer demand, shortening
product life cycle, increasing market diversity, and rapid advances in information
technology, the U.S. manufacturers must possess some very distinctive manufacturing
system capabilities. Through comprehensive literature review, this research identified
three categories of critical capabilities of a successful post-industrial manufacturing firm.
They are: 1) Mass customization capability to create supetior customer value; 2) The
capability to effectively utilize innovative manufacturing technologies and practices, and

3) Absorptive capacity of new knowledge and technologies.



While there have been plenty of anecdotal discussions of these capabilities in the
literature, empirical studies to answer the fundamental research question of how
manufacturing firms can achieve these capabilities are almost non-existent. The curreat
research is one of the first large-scale empirical efforts to demonstrate that firms can
achieve mas‘s customization capability through advanced technology application and
innovative manufactuting practices. A comprehensive research framework is proposed
and tested using LISREL structural modeling.

A major contrbution of this research is the development of measurement
instruments for five important constructs, including Absorptive Capacity, Information
Systems (IS) Usage, Advanced Manufacturing Technology (AMT) Usage, Modularity-
Based Manufacturing Practices and Mass Customization Capability. These instruments
should be of great value to both academics and practitioners for further studying and
understanding the post-industral manufacturing system. The instrument development
process involved structured interviews and a pilot survey of manufacturing practitioners.
The questionnaire was further revised based on the pilot study results. The large-scale
survey yielded 303 responses from senior manufacturing managers covering a wide
variety of industries and firm sizes. Several statistical methods were then used to assess
and validate the instruments, including reliability analysis and exploratory factor analysis.

The empirical results of this research confirmed that supetior customer value can
be created through mass customization; IS and AMT along with time-based
manufacturing practices and modularity-based manufacturing practices are critical
antecedents of mass customization capability; absorptive capability ensures the effective

usage and implementation of these innovative technologies and practices.
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CHAPTER 1: INTRCDUCTION

One of the most frequently discussed concepts in 1990s is “change”. Indeed, all
sorts of changes have been witnessed in the business world, such as downsizing, plant
closing, reengineering, mergers, acquisitions, and workplace reorganization. The primary
reason for the change is that today’s chaotic post-industdal environment is
fundamentally different from the traditionally more predictable industrial environment.
Huber (1984) characterized the nature of post-industrial sodety as “ more and increasing
knowledge, more and increasing complexity and more and increasing turbulence”.
Champlin and Olson (1994) echoed that in today’s post-industrial business environment,
more than in any preceding era, the only constant is change. They further identified three
revolutionary change forces, ie., global competition, technology advancement, and new
managerial practices. The world is changing, and the U.S. manufacturing must meet the
challenge.

The challenge comes primarly from the need for a fundamental shift in the
managenal thinking of U.S. manufacturing management. The industrial paradigm has
dominated U.S. manufacturing for several decades since the ormgin of Scendfic
Management (Frederick Taylor, 1911). This industrial mind-set treats the factory as a
productivity machine that emphasizes maximum efficlency and stability by buffeting the
technical core from external changes (Thompson, 1967). Management seeks to maximize

profit by reducing cost through process mechanization and high volume mass



production. The workers are treated as an annoying and passive factor to be carefully
controlled through division of labor and work measurement.

Into the 1980s, the global market emerged and the rate of technological change
accelerated. The U.S. manufacturers’ inability to respond to these changes caused them
to lose matket share to global competition (Hayes, Wheelwright and Clark, 1988). In his
famous article, “The Taming of Lions”, Wickham Skinner stated that U.S. manufacturing
is experiencing a severe management problem. A problem caused by an obsolete mind-
set rooted in the dominant industdal paradigm that is now becoming dysfunctional in
many ways. Doll and Vonderembse (1991) extended Skinner’s thoughts and suggested
that U.S. manufacturing is entering the post-industrial era characterized by growing
global competition, changing customer demand, shorter product life cycles, increased
market diversity, and rapid advances in manufacturing and information technology. This
shift from industrial to post-industral paradigm requires corresponding transformation

in many aspects of manufacturing systems design and capability development.

L1 Problem Statement

Recognizing the challenges resulting from the paradigm shift and market change,
manufacturers will surely ask the following question: What are the critical capabilities
that we must possess to meet the post-industrial challenges, and how do we
achieve those capabilities ? The current study attempts to answer this question
through large-scale empirical investigation to identify the capabilides and their

antecedents and consequences.



It has been suggested in the literature (Bowen et al, 1989; Doll and
Vonderembse, 1991; Champlin and Olson, 1994; Hayes and Pisano, 1994) that to
compete in the highly turbulent post-industrial marketplace, firms must have three
distinctive capabilities: 1) The capability to create supetior customer value; 2) The
capability to use manufacturing technology effectively; and 3) The capability for
continuous organizational learning. These manufacturing capabilities characterizes the
emerging model of post-industrial manufactuting that will be addressed in the current

research.

1.1.1. The capability to create superior customer value

Customer service orentaton has become an indispensable component of
manufacturing strategy (Bowen, Siehl and Schneider, 1989), and the concept of
customer-drven manufacturing has gained popularity wotldwide in recent years
(Murakoshi, 1994). In fact, the central concern for manufacturers has shifted from an
internal focus on effidency and productivity to an extemnal focus on creating customer
value (Doll and Vonderembse, 1991). It is widely accepted that customization of
products and services can provide higher value to customers because customers are
becoming more demanding about having more choices and getting exactly what they
need. Therefore, product customization is increasingly adopted by many manufacturers
in an effort to improve product competitiveness in the marketplace.

However, tradiional knowledge indicates that product customization lead to
higher manufacturing cost due to individualized designs and distinctive equipment setup.
According to Skinner’s (1974) “focused factory” theory, multple manufacturing

objectives such as greater vadety and lower cost could not be achieved at the same time.



Thus manufacturing tradeoffs have to be made. By being focused, manufacturers are
expected to achieve maximum economies of scale through mass production. But the
reality is that more and more manufacturers no longer have the luxury to stay focused
when facing increasing complexity and uncertainty (Patker, 1996; Anderson and Pine,
1997). This dilemma forced manufacturers to search for a valid solution.

The solution turned out to be a seemingly paradoxical concept — mass
customization, defined as the mass production of individually customized goods and
sexvices (Pine, 1993). The idea of synthesizing “mass production” and “customization”
orginated from the fact that some manufacturers could achieve high vadety, low cost
and large volume production simultaneously in their manufacturing systems through
technological and managerial innovations (Anderson and Pine, 1997). In fact, more and
more manufacturers have come to realize that in a constantly changing marketplace,
mass customization capability could be the major source of creating customer value and
improving manufacturing performance (Pine, 1995; Duray, 1997).

Recently, academic research has begun to examine the phenomenon of mass
customization, but most studies are sdll anecdotal in nature (Kotha, 1995). The existing
literature addresses the market implications of mass customization, but fails to provide
operational measures of mass customizaton (Duray, 1997). This lack of empirical
instruments greatly limited our ability to better understand mass customization and to
provide useful directions for manufacturers striving to achieve mass customization
capability. The current research is one of the first empirical efforts to operationalize the

concept of mass customization capability of manufacturing firms.



L1.2. The capability to use manufacturing technology effectively

We are living in a technology intensive age where technological change presents
serious threats and opportunities (Huber, 1996). Therefore, how to effectively utilize
emerging technology is yet another critical concern of post-industrial manufactuting.

Computers and information technology are continuously alteting the nature of
manufacturing competition. Porter and Miller (1985) wete among the first to address
how information technology can create tremendous competitive advantage by
transforming the entire value chain, changing industry structure and spawning new
business opportunities. Doll and Vonderembse (1991) described the transformation
from industdal to post-industral manufacturing enterprise as market-driven and
technology-enabled. Literature also suggested that mass customization would not be
possible without the support of innovative manufacturing technologies (Pine, 1993;
Boynton et al,, 1993; Kotha, 1995, 1996).

In a broader sense, manufacturing technology not only refers to hardware and
software applications such as Information Systems (e.g:, MIS, DSS and ES) and
Advanced Manufacturing Technologies (e.g.,, CAD/CAM, FMS and CIM), it is also
comprsed of innovative manufacturing practices such as Time-Based Manufacturing
Practices (e.g:, pull production and setup reengineering) (Koufteros et al, 1998) and
Modulanty-Based Manufacturing Practices (e.g., product and process modularty), an
increasingly popular practice for manufacturers to easily customize products (Baldwin
and Clark, 1997). This array of new manufacturing technologies together offered firms
tremendous strategic opportunities to achieve mass customizadon. The current research

attempts to operationalize the usage level of these representative technologies and



practices in US. manufacturing firms and study their important impacts on mass
customization.

However, while new technologies presented new strategic options (Nemetz and
Fry, 1988), the real management challenge lies in how to implement these technologies in
a more effective manner that actually improves performance (Boddy, McCalman and
Buchanan, 1988). Evidences show that many firms are not gaining the full benefits
offered by these new technologies or may even be forced to withdraw them from use
(Chen and Small, 1994). For example, an early study by Jaikumar (1986) showed that the
U.S. firms were not using Flexible Manufacturing Systems (FMS) effectively comparing
with Japan. The FMSs installed in the U.S. showed an astonishing lack of flexibility in
terms of machine utlization and the variety of parts produced per system. A more recent
study by Mansfield (1993) on 175 Japanese, Western Europe, and U.S. fimms also
indicated that U.S. firms have been relatively slow in assimilating FMS technologies due
to the actual rate of return on this investment being lower in the U.S. than elsewhere.

Huber (1996) indicated that under highly unpredictable environment, lack of
organizational learning capacity that transforms experience into knowledge is a major
cause for technology-critical organizations to be less effective in assimilating new
technologies. Hence there’s the need for the third critical capability of a post-industdal

manufacturing system - the capability for continuous organizational learning;

1.1.3. The capability for continuous organizational learning
Mansfield (1988) pointed out that a large part of Japan’s competitive advantage is
due to U.S. industry’s apparent lack of ability to match the Japanese in quickly and

effecavely learming new technologies. Sitkin (1994) also suggested that the new



generation of managerial thinking should emphasize continuous learning capability and
flexibility. This capability of a firm to exploit and assimilate knowledge and technology,
thus generating effective organizational learning is referred to as the firm’s absorptive
capacity (Cohen and Levinthal, 1990).

Levinson and Asahi (1995) argued that the introduction of any new knowledge or
technology involves change, “when it comes to change, the absorptive capacity of an
organization is perhaps the most crtical factor in determining whether a planned change
can be implemented successfully”. Therefore, the current study regards a firm’s
absorptive capacity as the prmary determinant of the effectiveness of its technology
usage and new manufacturing practice implementadon processes. To faclitate the
understanding of a firm’s absorptive capacity, a measurement instrument is also
proposed and validated.

In summary, the current study attempts to answer the research question raised at
the beginning of this section by empidcally demonstrating the following rationale: To
successfully compete in the turbulent post-industrial marketplace, manufacturers must
put customers as the first pdority. Superor customer value can be created through
achieving mass customization capability. Information technologies (e.g:., Information
Systems and Advanced Manufacturing Technologies) and innovative manufacturing
practices (e.g, Time-Based Manufacturing Practices and Modularity-Based
Manufacturing Practices) are crtical antecedents of achieving mass customization
capability. While absorptive capability ensures the effective use and implementation of

these technologies and practices through continuous organizational learning:



1.2. Research Objectives and Contributions

The primary objective of this research is therefore to develop and empirically test
the emerging model of post-industrial manufacturing management as outlined above.
The important relatdonships to be tested include: (1) the direct impact of firms’
absorptive capacity on the effective use of information systems, (2) the direct impact of
firms’ absorptive capacity on the effective use of advanced manufacturing technologies,
(3) the direct impact of firms’ absorptive capacity on the effective implementation of
time-based manufacturing practices, (4) the direct impact of firms’ absorptive capadity on
the effective implementation of modularity-based manufacturing practices, (5) the direct
impact of information systems usage on firms’ mass customization capability, (6) the
direct impact of advanced manufacturing technology usage on firms’ mass
custommization capability, (7) the direct impact of time-based manufacturing practices on
firms® rmass customization capability, (8) the direct impact of modularity-based
manufacturing practices on firms’ mass customization capability, (9) the direct impact of
firms” mass customization capability on creating value to customers, and (10) the direct
impact of firms’ absorptive capacity on creating value to customers.

As in any empircal study, it won’t be possible to correctly test a relationship
without valid and reliable measurement instruments for the constructs involved in the
relationship. Therefore, a major contribution of the current research is the development
of valid and reliable measurement instruments for (1) firm’s absorptive capacity for new
knowledge and technology, (2) level of information systems usage in a firm, (3) level of
advanced manufacturing technology usage in a firm, (4) level of modularity-based

manufacturing practices in a firm, and (5) firm’s level of mass customizaton capability.



The measurement instruments for the other constructs in the proposed model are
adapted with modification from earlier studies.

From a practitioners’ point of view, this research provides important guidelines
for firms operating in a turbulent post-industrial environment on what they should do to
achieve mass customization and create higher customer value. The measurement
mnstruments developed in this research should be a valuable tool for firms to evaluate and
benchmark their current system capabilities. The research findings will also help them
identify the factors that most affect a firm’s ability to absortb new knowledge and
technology, to more effectively use existing technology, and to achieve greater product

varety and higher customer satisfaction without sacrdficing productivity and profitability.



CHAPTER 2: THEORETICAL FRAMEWOURK FOR MASS CUSTOMIZATION
AND HYPOTHESES DEVELOPMENT

Hayes and Pisano (1994) suggested that fragmented matket and fierce global
competition demand greater strategic flexibility of manufacturing firms. The concept of
strategic flexibility defies the logic of traditional manufacturing tradeoffs, proposing that
firms can be flexible enough to do several things equally well, e.g., increasing vadety
while lowering cost and improving quality. This is based on the notion of economies of
scope defined as economies of scale across multiple products and markets (Goldhar and
Jelinek, 1985). The underlying rationale is that greater vadety can be more economical
due to sharing of technology, knowledge and learning experiences. The new principle of
economies of scope becomes the very basis of an entirely new manufacturing strategic
paradigm, which has been labeled by many authors as “mass customization” (Pine, 1993;
Boynton et al, 1993; Kotha, 1995; Parker, 1996) as oppose to tradidonal mass
producton.

The goal of mass customization is to produce customized products on a mass
scale without sacfiang effidency or increasing cost (Pine, 1993; Anderson, 1997).
According to Martha Rogers, author of The One fo One Future: Building Relationships One
Customer at a Time, increasing number of customers are shunning mass-produced goods
in favor of product and services that are customized to suit their particular needs and
situations. Hence mass customization may well become the basis of “the next industrial

revolution” (Lau, 1995).
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2.1. A Theoretical Model of Mass Customization

To better understand the antecedents and consequences of achieving mass
customization, a theoretical framework was developed based on a comprehensive
literature revicw. The theoretical model presented in Figure 2.1 depicts the proposed
relationships between the seven major constructs in this research. The numbers next to
each arrow correspond to the ten hypotheses to be developed in the following sections.

The seven interrelated constructs in the model include: 1) Absorptive Capacity: A
firm’s ability to identify, assimilate and communicate relevant external and internal
knowledge and technology; 2) Information Systems Usage: The extent to which information
systems are used by the firm to promote integration, support decision making and assist
in strategic planning; 3) Advanced Manufacturing Technology Usage: The extent to which firms
use advanced manufacturing technologies in their product design and manufacturing
processes; 4) Time-Based Manufacturing Practices: The application of time compression
techniques into every aspect of the manufacturing systems design, 5) Modularity-Based
Manufacturing Practices: The application of modularization principles to product design,
production process design and organizational design; 6) Mass Custormization Capability: The
ability of a firm to produce varieties of customized products on a large scale at a cost
comparable to non-customized products through technical and managerial innovations;
and 7) Value to Customer Performance: The extent to which customers perceive firm’s
product as having higher value and their degree of satisfaction with the products. Table

2.1 summarizes these constructs and their primary literature basis.
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Table 2.1. Construct Definitions and Literature Basis

CONSTRUCT DEFINITION LITERATURE
1. Absortive A fimm’s ability to identify, Cohen and Levinthal (1290,
’ Ca a;.P assimilate and communicate 1994); Boynton, Zmud and
paciy relevant external and intcrnal Jacobs (1994); Brown (1995);
knowledge and technology Levinson and Asahi, (1995)
2. Information The extent to which information | Doll and Totkzadeh (1995);
" Svstems Usa systems are used by the firm to Boynton, Zmud and Jacobs
ys &8¢ promote integration, support (1994); Sethi and King (1994);
decision making and assist in Raghunathan and
strategic planning Raghunathan (1994)
3. Advanced The extent to which firms use Small and Chen (1995); Lowe
) Manufactari advanced manufacturing (1995); Vonderembse,
Techaolo & technologies in their product Raghunathan and Rao (1997);
Us 2 design and manufacturing Cooper and Zmud (1990)
age processes
- The application of time Koufterous, Vonderembse
+ ’;‘f?;ifBaased_ compression techniques into and Doll (1998); Blockstette
Peatine "8 | every aspect of the manufacturing | and Shell (1993); Sakakibara,
system design Flynn, Schroeder and Morris
(1997); Stalk and Hout (1990)
5. Modulagity- The application of modularization | Ulrich and Tung (1991);
CBaeg ¥ principles to product design, Baldwin and Clark (1997);
Manufactari p:oduf:ticin process design and Feitzinger and Lee (1997);
Practices 8 organizational design Duray (1997)
6. Mass The ability of a firm to produce Pine (1993); Kotha (1995,
l Customization varieties of customized products | 1996); Boynton, Victor and
Canabili on a large scale ata cost Pine (1993); Duray (1997)
pabiity comparable to non-customized
products through technical and
managerial innovations
7. Value to The extent to which customers Tracey (1996); Garvin (1984);
i perceive a firm’s products as Naumann and Giel (1995)
Customer - . )
Performance having higher value and their
degree of satisfaction with the

products
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The rationale underlying this theoretical framewotk is straightforward. It can be
summarized in the following three aspects based on the three phases of the theoretical
model.

1) Creating higher value to customers is the ultimate purpose of achieving mass
customization.

In the post-industrial environment, customers have really become the ultimate
pdority of any business. As markets become increasingly segmented and product life
cycle gets shorter, firms can no longer satisfy market requirements with a few generdc
products. They must cater to each individual customer’s specific needs. As pointed out
by Peppers and Rogers (1997), “Instead of market share, businesses are looking at customer
share. They’re shifting the focus from trying to sell as many widgets as they can to trying
to get as many customers as they can — and then selling them widgets and other
products.” One key strategy to increasing customer share is creating customer value
through low cost, high volume and responsive product customization. Customer value
may include factors such as customer satisfaction with product variety, quality, features,
and customers’ perception of the worth of the product.

Pine (1995) described how Motorola Paging Products Group successfully created
customer value through mass customization of pagers. The sales teps go into customer’s
office with a laptop computer, and together they design the set of pagers that exactly
meet that customer’s specification (out of 29 million possibilities). The pager designs are
then immediately transmitted through to the factory floor, where a lot-size-of-one

flexible manufacturing system can produce them in hours for final shipment.
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2) Mass customization requires advanced information technologies and
innovative manufacturing practices.

As can be seen from the Motorola case that mass customization is a bighly
complex technology-intensive process requiring high levels of cooperation from many
departments. It involves both technological innovations and structural/cultural changes.
Therefore, existing literature indicates that a firm cannot possibly achieve mass
customization capability without the support from advanced informadon technologies
and innovative manufacturing practices (Lau, 1995). In fact, new technologies have been
a primary enabler of the transition from industrial to postindustdal manufacturing (Doll
and Vonderembse, 1991). For example, computer integrated manufacturing (CIM)
technology enables firms to efficiently produce muldple products through flexible
manufacturing systems (Doll and Vonderembse, 1987), and product modularity makes it
feasible to customize products at low cost (Baldwin and Clark, 1997). The current
research identifies four important categories of manufacturing technologies and practices
as enablers of mass customization. They are:

1. Information systems (IS), such as manufacturing information systems, operational
decision support systems, engineering expert systems, and intra-firm computer
network systems. IS plays an important role of storing, organizing, processing data
and assisting in integrating islands of advanced manufacturing technology units
(Rosenthal, 1984).

2. Advanced manufacturing technologies (AMT), such as computer-aided design and

manufacturing (CAD/CAM), computer-aided process planning (CAPP), computer
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numerically controlled (CNC) machines, and flexible manufacturing systems (FMS)
(Gerwin and Kolodny, 1992; Hill, 1994).

Time-based manufacturing practices (TBMP), such as setup time reduction, cellular
manufacturing, preventive maintenance, quality assurance, and pull production
(Koufteros et al., 1998). Lau (1995) pointed out that the manufacturing practices of
just-in-time, which has an ideal lot size of one, lays the foundation form of mass
customization. These time compression techniques make it economical to quickly
changeover to another product line.

Modularity-based manufacturing practices (MBMP), such as product modularity and
process modularity (Feitzinger and Lee, 1997). Although the prindples of product
modularization has been discussed for decades (Ulrich and Tung, 1991), it has never
been so popular and important to manufacturers in recent years. Baldwin and Clark
(1997) argued that modularity has become a very effective manufacturing strategy for
firms to cope with rapidly changing customer requirements and increasing
technology complexity. Pine (1993) clearly stated that “the best method for achieving
mass customization — minimizing costs while maximizing individual customization —
is by creating modular components that can be configured into a wide vadety of end

products and services™.

3) Absorptive capacity ensures the effective use and implementation of advanced

technologies and manufacturing practices.

Although mass customization requires advanced technologies and innovative

manufacturing practices, simple acquisiion of technology or copying of practices

without proper implementation and assimilation may render the investment fruitless.
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Empirical studies have reported the very different manufacturing performance levels
from firms using similar technologies, especially U.S. firms’ inability to match Japanese
firms’ in the speed of absorhing flexible technologies (Mansfield, 1993). Thus absorptive
capacity may well be the single most important factor for ensuring the successful
implementation of new technologies and manufacturing practices.

Markus and Robey’s (1988) framewotk of Technological Imperative vs. Organizational
Imperative can help us better understand the active vs. passive role of technology in
organizational change. Technological Imperative views technology as an exogenous dtiving
force which determines or strongly constrains the behavior of individuals and
organizations, i.e., technology dictates itself; Organizational Imperative assumes choices
over technological options and control over the consequences, and technology is
considered as enabler of achieving the ends.

Doll and Vonderembse (1991) describe the evolution from craft to industrdal
soclety as “echnology driven and market enabled”, while the change from industrial to post-
industrial manufacturing is “market/customer driven and fechnolsgy enabled’. Therefore,
the zechnology imperative was applicable in the relatively stable industrial era when firms can
achieve technology benefits by simply acquiring new and complex hardware. The
unusually high technology investments and propsdetary technology served as ideal
barrers to new entrants.

Unfortunately, this technology-dictates-itself mindset no longer works under the
highly uncertain and competitive post-industrial envitonment. Clemons and Row (1991)
pointed out that, when the same equipment or practice is available to all firms and most

applications can be easily duplicated, sustaining technology advantage will not come
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from whether you have it or not, but from how effectively it is being used. Thus the
organizational imperative that treats technology as enabler to be propetly utilized should be
appropaate. As pointed out by Doll and Vonderembse (1991), industrial and post-
industrial systems may use the same technologies, but apply them in different ways. The
difference lies in the fact that applying technology in post-industral environment
requires a high level of absorptive capacity.

The following sections will first present a detailed review of existing literature
concerning each of the seven constructs in the theoretical model. Ten research

hypotheses are then developed based on the review.

2.2. Absorptive Capacity of Manufacturing Firms

The concept of absorptive capacity orginated from macro-economics, in which
the term refers to the ability of an economy to utilize and absorb external information
and resources (Adler, 1965). Cohen and Levinthal (1990) first adapted this macro-
economic level concept to organizations, and defined a firm’s absorptive capacity as “the
ability of a firm to recognize the value of new, external information, assimilate it, and
apply it to commercial ends.” They argued that absorptive capacity is largely an
organizational learning concept, and is thus the cumulative effect of continuous learning.
In the current study, a firm’s absorptive capadity is defined as the ability to identify,
communicate and assimilate relevant external and intemal knowledge and technology. It
is a function of the firm’s existing knowledge base, the effectiveness of systems used to

scan the environment, as well as the efficacy of its communication processes.



19

Since academic research on absorptive capacity has just started, empirical
evidence is extremely limited. Thus the current research will frequently refer to the
organizational learning and technology implementation literature. In fact, according to
Boyaton, Zmud and Jacobs (1994), “absorptive capacity theory does appear to offer
specific and promising avenues for future research about information technology
innovation behavior”.

The most comprehensive research so far on absorptive capacity was a case study
by Brown (1995). By summarizing the existing literature, she proposed that a firm’s
absorptive capacity should have three major components: ptor relevant knowledge,
communication network, and communication climate. While these three dimensions
might be adequate for absorbing readily available knowledge, it was deemed necessary to
add a fourth dimension, ie., the firm’s knowledge scanning mechanism to explore
knowledge unknown but useful to the firm.

Existing Knowledge Base is defined as the existing facts and ideas that
individuals in the organization have that can influence the process of implementing
organizational innovations. It may include both general employee knowledge and
manageral knowledge. Cohen and Levinthal (1990) suggest that prior related-knowledge
will be a major determinant of absorptive capacity, just like an individual will learn faster
about subjects the individual has been exposed to. Cohen and Levinthal (1994) further
suggested that firms with an adequate pdor knowledge base will have the ability to
proactively envisage future technological advances, thus improving absorptive capacity;
while firms where pdor knowledge is non-existent may be discouraged by uncertainty to

further develop its absorptive capacity.
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A longitudinal study by Boer et al. (1990) found that one significant barrier to
goal achievement in FMS implementation is techaical difficulties. Many companies did
not have an appropdate technical knowledge base to assimilate the new technology.
Boynton et al. (1994) conceptualized firm’s absorptive capacity for information
technology (IT) based on management’s prior knowledge on IT. Absorptive capacity was
found to have significant positive impact on effective use of IT. Kedia and Bhagat’s
(1988) study on international technology transfer also revealed that the absorptive
capacity of the recipient organizatdon depends on the existence of an established
technological and managesal knowledge base.

Knowledge Scanning is defined as organizational mechanisms that enable the
firm to effectively identify and exploit relevant external and internal knowledge and
technology. There are many activities that signify the existence of such a mechanism in
an organization. An important dimension of Boynton et al.’s (1994) conceptualization of
absorptive capadity is the IT-management-process, ie., vatious routines and procedures
that embody the pragmatic knowledge to foster appropnate IT use. Cohen and Levinthal
(1990) found that investment in basic R&D could significantly improve the firm’s ability
to exploit external resources. Especially when the new knowledge domain is closely
related to the firm’s current knowledge base, absorptive capacity is likely to be developed
as a byproduct of routine R&D activities.

Employee training such as sending employees for advanced technical training, or
encouraging them to monitor and read the technical literature in their areas of expertise,
could be another important knowledge scanning activity (Cohen and Levinthal, 1994).

When addressing their concept of the “knowledge factory”, Roth et al (1994)
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emphasized that training employees to meet technological and business process
requirements will be the basis for today’s knowledge-based competition. Finally, inter-
organizational leaming activities, such as benchmarking of best practices, strategic
alliances, and customer and supplier surveys may also serve as effective knowledge
scanning activities (Levinson and Asahi, 1995).

Communications Network is defined as the scope and strength of structural
connections that can brng flows of information and knowledge to different
organizational departments. This is frequently referred to in the literature as functional
integration. Effective communication and knowledge diversity are considered to be the
key generators of a firm’s absorptive capacity (Cohen and Levinthal, 1990). Thus the
integration and interaction of different functional areas will be critical.

Aletan (1991) stated that functional integration is required for successful CIM
implementation. It involves the process of establishing a company-wide environment
that requires all functional departments to work together to achieve both business and
manufacturing goals. Cross-functional implementation teams are also found to be a
major success factor for AMT implementadon (Voss, 1988; Beatty, 1990; Goldhar and
Lei, 1994). A recent empidcal study by Chen and Small (1994) shows that the use of
multi-disciplinary implementation teams is the most significant factor that distinguishes
successful and unsuccessful AMT adopters. Similarly, Bessant (1994) also suggested that
effective implementation of AMT requires a “total integrated manufacturing”
organization, which mvolves several fundamental changes, including changes from
vertical communication to network communication, and from sharp line staff boundary

to blurred boundaries.
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Communications Climate is defined as the cultural factors that form the
atmosphere in an organization regarding accepted communicadon behavior, which may
facilitate or hinder the communication processes. This may inclzde such factors as
opeaness, value orentation, support, trust, experimental mindset, and willingness to
change. There’s general agreement that organizational learning is based on the learning of
each individual member (Nicolini and Meznar, 1995). Thus, a firm’s absorptive capacity
is ultimately realized through each individual’s learning performance.

A growing body of literature has confirmed that an open, supportive
organizational climate can greatly improve employee’s leamning experiences. Nevis et al.
(1995) regard the “climate of openness” as one of the ten key facilitating factors of
organizational learning. Similarly, Levinson and Asahi (1995) pointed out that an open
culture that views change as positive can facilitate organizational learning. Another
important element of an open climate is “safefailing” that encourages risk-taking (Roth et
al.,, 1994). Learning is in fact a trial and error process that requires an experimental mind-
set (Nevis, 1995). Failure is tolerable in an open climate, so that the initial building of

absorptive capacity will not be discouraged.

2.3. Information Systems Usage

Information systems (IS) refers to those computer-based systems used to
organize, store, retreve, transfer, and process data and information, and fadlitate
communication and problem solving, such as office automation systems, electronic mail
systems, data conferencing systems, management information systems, dedision support

systems, expert systems, and other computer network systems. In the current study, IS
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usage is defined as the extent to which IS is used by the firm to promote integration,
support decision making and assist in strategic planning,

Doll and Totkzadeh (1995) developed an instrument for IT usage patterns at the
task level. They conceptualize the IT usage pattern into five dimensions: 1) problem
solving: the extent that an application is used to analyze cause and effect relatonships;
2) customer service: the extent that an applications is used to service customers;
3) dedision rationalization: the extent that an application is used to improve the decision
making processes or explain/justify the reasons for decisions; 4) vertical integration: the
extent that an application is used to coordinate one’s work vertically with superiors and
subordinates; and 5) horizontal integration: the extent that an application is used to
coordinate work activities with others in one’s work group. The Doll and Torkzadeh
(1995) instrument did offer some useful directions for conceptualizing the IS usage
construct. However, since the instrument was developed at the task level, it focused
prmarly on individual and work group mechanisms. It was determined that the
construct of organizational level IS usage in the current study could be re-conceptualized
and adapted using Doll and Torkzadeh (1995) dimensions as a starting point.

The re-conceptualization process involved: 1) exclusion of dimensions
tnapproprate for organizational level analysis such as problem solving, a dimension that
reflects individual activities; 2) consolidating dimensions to fit organizational level
analysis, such as the merger of vertical integration and horizontal integration to form the
organization’s Intemal Integration dimension; 3) expanding dimensions to reflect
organizational level activities, such as the change of customer service dimension to

External Integration to incorporate not only customers, but also suppliers and other
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external relationships; 4) adding new dimensions to address organizadonal level issues,
such as the addition of a Strategic Pl;mning Support dimension to address the issue of
strategic IS planning that was not relevant at the task level. Also note that dedsion
rationalization dimension was re-conceptualized as Operational Decision Support.

Further theoretical justification of the operational support vs. strategic support
conceptualization can be found from Boynton et al.’s (1994) measure of IT use. This is
an organizational level instrument that consists of four dimensions: 1) cost reduction:
information systems developed to reduce the cost of business activities; 2) management
support: information systems developed to assist in monitoring, controlling, and
designing business activities; 3) strategic planning: information systems developed to
assist in formulating business strategies; and 4) competitive thrust: information systems
developed to establish a competitive advantage in the market. Cost reducton is an
outcome of using IS, thus not a valid dimension of IS usage. Management support
captures the operational decision support dimension. Strategic planning and competitive
thrust can be justifiably combined to form the Strategic Planning Support dimension.

In summary, four major dimensions of organizational-level IS usage were
proposed and their definitions are listed below:

Operational Decision Support. The extent that IS is used by the firm to help
monitoring, justifying and improving daily operational decision processes (Doll and
Torkzadeh - Decision Radonalization; Boynton et al. - Management Support).

Strategic Planning Support. The extent that IS is used by the firm to help

formulating, justifying, improving long-term business planning processes and
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establishing competitive advantage (Boynton et al. — Strategic Planning & Competitive
Thrust).

Internal Integration. The extent that IS is used by the fitm to fadlitate
information shating and coordinate work activities within the organization (Doll and
Torkzadeh — Vertical Integration & Horizontal Integration).

External Integration. The extent that IS is used by the firm to service and
communicate with external constituencies, such as customers, suppliets, government

agendies, research institutions, etc. (Doll and Torkzadeh — Customer Service).

2.3.1. Research Hypothesis 1

Since its orgin in macroeconomics, absorptive capacity has long been considered
a very positive factor in determining the effectiveness of a nation to disseminate and
utilize new technologies (Kedia and Bhagat, 1988). Due to the fact that computer-based
information systems are replacing the traditional paper-based information systems in
many businesses and organizations, they are often new to organizational members and
require significant amount of leaming and mutual adjustment (Majchrzak and Cotton,
1988). The major components of absorptive capacity such as existing knowledge base
and communications infrastructure can greatly facilitate the individual and organizational
learning of new systems (Cohen and Levinthal, 1990), thus improving the level of system
usage. For example, a firm with more open communication channels will be more likely
to realize the potential of its information systems to integrate functional areas. Boynton
et al. (1994) and Brown (1995) found strong empirical evidence that a firm’s absorptive
capacity has significant positive impact on its level of IT use. Therefore, it is

hypothesized that:
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Hypothesis 1: Thete is a positive relationship between a firm’s Absorptive Capacity and

its level of Information Systems Usage.

2.4. Advanced Manufacturing Technology Usage

Advanced manufacturing technology (AMT) refers to a family of computer-
enabled manufacturing technologies that include computer-aided design and
manufacturing (CAD/CAM), computer-aided process planning (CAPP), materals
resource planning (MRP), robotics, computer numerically controlled (CNC) machines,
flexible manufacturing systems (FMS), and computer integrated manufacturing systems
(CIM). A common characteristic of these technologies is the use of micro-computers to
plan and control manufacturing operations (Dean et al., 1992). In the current study,
AMT usage 1s defined as the extent to which firms use AMTSs in their product design and
manufacturing processes.

By reviewing the relevant literature (Small and Chen, 1995; Lowe, 1995), thirteen
categories of AMTs were identfied. Respondents were asked to indicate the extent of
use of a certain AMT in their manufacturing system. These AMTs were further divided
into two groups in term of their primary purpose: 1) Manufacturing planning and control
technologies, and 2) Manufacturing equipment and process technologies. The thirteen
AMTs are listed below:

Manufacturing Planning and Control Technologies

1) Computer-aided manufacturing (CAM)

2) Computer-aided process planning (CAPP)

3) Group technology (GT)
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4) Material requirement planning (MRP)
5) Manufacturing resource planning (MRP II)
6) Computer-aided design/engineering (CAD/CAE)

7) Computer-aided rapid prototyping (RP)

Manufacturing Equipment and Process Technologies

8) NC/CNC or DNC machines

9) Automatic storage and retrieval systems (AS/RS)
10) Automated materal handling systems (AMHS)
11) Industral robots

12) Automated inspection and testing equipment

13) Flexible manufacturing systems (FMS)

2.4.1. Research Hypothesis 2

The concept of absorptive capacity contains some important ideas in
organizational design such as organizational learning mechanism and communications
infrastructure. The impact of organizational design issues on advanced manufacturing
technology usage has been a major topic area in the manufacturing management
literature. Blumberg and Gerwin (1984) already observed the sodo-technical problems
that manufacturing firms might encounter during CIM implementation. Zammuto and
O’Connor (1992) proposed that firms with organic structure and open communications
climate are more likely to gain AMT’s productivity and flexibility benefits. They also
emphasized the importance of employee knowledge and skills because of the complex

nature of AMTs. Dumering et al. (1993) also argued that organizations must be
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redesigned to ensure effective cross-functional communication before implementing
AMTs. Lei, Hitt and Goldhar (1996) further illustrated the positive effects of appropriate
organizational learning mechanism on AMT success. Therefore, it is hypothesized that:

Hypothesis 2: There is a positive relationship between a firm’s Absorptive Capacity and

its level of Advanced Manufacturing Technology Usage.

2.5. Time-Based Manufacturing Practices

Time, as a manufacturing strategic variable, originated from the evolution process
of manufacturing management practices. Frederick Taylor, the father of sdentific
management, first proposed the use of time study in production operadons. Each job
was broken up into smaller elements, and each element was to have a fixed standard time
set by time study experts (Niebel, 1988). Henry Ford successfully put the techniques of
time and moton study into his auto assembly lines and developed the world’s most
efficent and timely system for producing cars (Bockerstette and Shell, 1993).

In the early 1980s, Toyota developed a system capable of diversified, small
quantty production to meet increasing customer demands for vadety. The success of
this flexible Toyota production system brought about a revolution in manufacturing —
the prnciples of Just-In-Time (JIT) manufacturing (Ohno, 1982). JIT is both a
philosophy and a set of tools focusing or: not only setup time reduction, but also cycle
time reduction, lead time reduction, and the reduction of all sorts of wastes in the
production system that do not add value (Sakakibara, Flynn, Schroeder and Morxds,
1997). The extension of JIT principles into every aspect of manufacturing system, from

new product development, to material purchasing, production, product distribution, and
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finally customer service, results in the new paradigm of time-based manufacturing (TBM)
(Staik and Hout, 1990; Blockstette and Shell, 1993; Kouzfterous et al.,1995).

Today, time has become a strategic resource in almost every industry. In the
current study, Time-Based Manufacturing Practices are defined as the application of time
compression techniques into every aspect of the manufacturing system design.
Koufteros, Vonderembse and Doll (1998) developed a framewortk for time-based
manufacturing practices. They identified and validated several crtical dimensions of
TBM. They are briefly discussed below.

Reengineeding Setup. Setup time reduction is at the core of the entire chain of
time compression efforts. Compressed setup tme permits firms to quickly switch
between products with minimum penalties, thus enables greater flexibility to respond to
changing customer needs (Ohno, 1982).

Pull Production. The traditional production system is usually a push system, in
which a high level of work-in-process inventory is kept to buffer production varations.
While in a pull system, production is pulled by customer demands at the very end of the
production line. By allowing only a small amount of work-in-process inventory in the
system, pull systems can greatly reduce the time parts stay in the system, especially the
non-value-added waiting time (Monden, 1983; Schonberger, 1986).

Cellular Manufacturing. Using group technology prindples, a family of parts
with similar design characteristics and processing requirements are grouped together to
be produced in a single manufacturing cell. The cell has all the equipment necessary to
produce a part. This greatly reduces materials handling time and costs, cuts work-in-

process inventory, and shortens throughput time (Hyer and Wemmerlov, 1984).
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Preventive Maintenance. Unreliable machines are a major source of shop floor
delays and product defects. The result is usually increased throughput time, missed
production deadlines, reduced product quality, and increased production costs. Thus
scheduling routine preventive maintenance and teaching operators to perform minor
maintenance tasks on regular basis should be an integral part of time-base manufacturing
practices (Bockerstette and Shell, 1993).

Quality Improvement Efforts. A central theme of total quality management
philosophy is to do things right the first time (Dean, 1994). It usually takes much greater
time and efforts to rework a defective product. Thus quality improvement efforts can
significantly reduce throughput time and reduce costs (Juran, 1989).

Dependable Suppliers. Shortages and quality problems in supplier parts are yet
another source of production delay. On-time supplier delivery and high quality supplier
parts allow firms to keep inventory low and reduce downtme. Evidence shows that
dependable suppliers can help cut throughput time, reduce quality and inventory costs,
and improve manufacturing competitiveness (Cusumano and Takeishi, 1991; Blackburn,
1991; Handfield and Pannesi, 1992).

Shop Floor Employee Involvement in Problem Solving. Employee
participation in work decision and problem solving has long been an important method
of improving performance in varous work settings (Cotton et al, 1988). Through
employee involvement, management can expect to explore and utlize employee
imtelligence while improving employee job satisfaction through self-motvation.

Therefore, employee involvement in shop floor problem solving and suggestion
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programs will greatly facilitate the implementation of other time-based manufacturing

activites.

2.5.1. Research Hypothesis 3

As can be seen from the above discussions that success of time-based
manufacturing practices are heavily dependent upon two essential activities: 1) the
exploration and utilization of employee intelligence, such as employee involvement in
setup reengineering and quality assurance programs; 2) the effective communication and
coordination intemally among functional departments and externally with suppliers and
customers, SO as to ensure smooth operation of the pull production system and just-in-
time value chain.

In fact, improved learning and communications are exactly what absorptive
capacity is about. Empirical studies have repeatedly verified that absorptive capacity
components such as employee technical competence, learning from customers and
suppliers, and open communication channels are crucial determinants of just-in-time
systems success (Davy et al., 1992; Flynn et al., 1995; Sakakibara et al., 1997). Cooper and
Kleinschmidt (1994) also identified several major determinants of product development
timeliness, most of which are closely related to the conceptual domain of absorptive
capacity, including effident cross-funcdonal coordination, thorough analyses of market
and technical trends, team’s technical proficiency, and firm’s pror experience in similar
products. Therefore, it is hypothesize that:

Hpypothesis 3: There is a positive relationship between a firm’s Absorptive Capacity and

its level of Time-Based Manufacturing Practices.
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2.6. Modularity-Based Manufacturing Practices

Although the concept of modularity is not new to manufacturing practitioners, it
has drawn much greater research attention in the recent years due to its definitive
advantage in coping with the increasingly turbulent manufactuting envircament.
Professors Carliss Baldwin and Kim Clatk of Harvard Business School are among the
many proponents of modularity. Their recent article in Harvard Business Review cited
the computer industry as the pioneer in promoting modularity. Through the widespread
adoption of modular designs, the computer industry has dramatically increased its rate of
innovation. Baldwin and Clark (1997) regard modulatity as a strategy for organizing
complex products and processes efficiently. They argue that it is modularity, more than
any other technology, that makes the rapid developments in computer industry possible.
In fact, modularity brings about benefits for both customers and manufacturers. For
customers, modular products are much easier to customize, upgrade and repair, thus
having greater usability and serviceability (Bowen et al, 1989). For manufacturers,
modularty enables them to handle increasingly complex technology. By breaking up a
product into modules, designers and producers have gained enormous flexibility
(Baldwin and Clark, 1997).

In the current research, Modularity-Based Manufacturing Practices is defined as
the application of modulanizatdon principles to product design, production process
design and organizational design. By summarizing the relevant literature, four categories
of common modularty-based manufacturing practices are identified and discussed

below.
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Product Modularity is the practice to modulatize products so that the modules
can be easily re-assemble/re-arranged into different forms, or shared across different
product lines. Ulrch and Tung (1991) defined several basic types of modularity,
including Component Sharing (the same module is used across muitiple products),
Component Swapping (different components are paired with the same basic product),
Mix Modularity (mix different modules to form a new product), and Bus Modularity
(new options can be added to a standard base by attaching new modules).

Product modularization has become an inevitable trend in manufacturing. For
example, NeoSystems has recently launched a new computer architecture — Modular
Digital Architecture (MDA). You can simply stack modules of accessories on a base
MDA module for easy hardware installation and upgrade, just like stacking your home
stereo system. Baldwin and Clark (1997) highly regard this modularity revoluton and
wrote, “At the heart of their remarkable advance is modularity — building a complex
product or process from smaller subsystems that can be designed independently yet
function together as a whole”.

Process Moduladty is a relatively new concept. It refers to the practice of
modularizing production processes so that the modules can be easily re-sequenced or
new modules can be added in response to changing product requirements. Feitzinger and
Lee (1997) suggest that process modularity is based on three basic princples: 1) Process
standardization: break down the process into standard sub-processes that produce standard
base units and custonnzation sub-processes that further customize the base units; 2) Process re-
sequenang: re-sequence the sub-processes so that standard sub-processes occur first while

customization sub-processes occur last 3) Process posiponement: postpone the
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customization sub-processes until a customer order is received or put the sub-processes
into distribution centers to achieve maximum flexibility. Pine (1993) also points out that
the traditional tghtly coupled processes should be broken apart and modularzed, so
that, at its ideal, any process can link to any other process to create the unique end-to-
end value chain that will best satisfy each individual customer.

Dynamic Teaming is the practice of easily re-organizing production teams and
linking them to necessary resources in response to product / process changes. This is the
application of modularity principles to team-building processes. The self-managed
production team is not a new concept to most firms. Many firms have experimented
with production teams, but the results are not all positive (Adler and Cole, 1993). One
reason for this mixed results is that changing manufacturing environment requires a
more dynamic team structure that is very different from old-fashioned cross-functional
teams (Henke et al., 1993).

Pine et al. (1993) argued that cross-functional teams are usually tightly integrated
to improve efficency and, therefore, lack flexibility. Companies must break apart tightly
coupled teams and form loosely coupled networks of modular, flexible working units, so
that these units of people, processes and technology can be easily reconfigured to meet
the ever changing customer needs. Therefore, the informaton systems that link these
working units and the continuous learning capability of the working units become very
crucial. Levinthal and March (1993) suggest that a loosely coupled system is better for
error diagnostics, and thus promotes learning. Weick (1990) also indicates that loosely
coupled systems are more flexible when facing stochastic events in the post-industdal

environment.
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Customer Closeness is the practice of keeping direct and frequent contact with
customers, to understand customers’ individual needs, and to communicate with
customers effectively. The increasing utilization of modularity is ultimately drven by
changing customer needs. Thus the purpose of modularity is lost without a clear
undertstanding of what customers exactly want. In fact, the proper design of product
modules must be based on a thorough analysis of how the product is going to be used by
customers. Murakoshi (1994) described several customer-driven manufacturing systems
that connect customer requirements on a real-time basis with product design processes
and production processes. The system can even help customers clarify their needs if they
do not know exactly what they want. Murakoshi (1994) regards this kind of customer-
daven system as the most advanced form of manufacturing system evolution. Therefore,
staying closer to customers is the fundamental guarantee for the modularity strategy to

be successful.

2.6.1. Research Hypothesis 4

As illustrated above, modularity is a very effective strategy for organizing
complex products and processes. But why aren’t all products and processes modularized?
Baldwin and Clark (1997) pointed out that modular systems are much more difficult to
design than comparable interconnected systems. A successful modular design requires in-
depth knowledge about the inner workings of the overall product and extensive cross-
functional communication. Baldwin and Clark (1997) also suggested that, to take full
advantage of modularty, firms need knowledgeable leaders, highly skilled workers, and
effective communications mechanisms. These are all componeats of a firm’s absorptve

capacity. Therefore, it is hypothesized that
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Hypothesis 4: There is a positive relationship between a firm’s Absorptive Capacity and

its level of Modularity-Based Manufacturing Practices.

2.7. Mass Customization Capability

The notion of “Mass Customization” (MC) was first proposed by Philip Kotler
(1989) from the marketing management point of view. Pine (1993) brought this concept
into production and operations management literature through his pioneedng book,
“Mass Customization: The New Frontier in Business Competition”. He defines mass
customization as the low-cost, high quality, large volume delivery of individually
customized goods and services.

Boynton, Victor and Pine (1993) further clarified the concept of mass
customization by comparing Mass Customization with Mass Production, Inventon, and
Continuous Improvement in a Product/Process Change Grd. The old competitive
strategies are either Mass Production or Inveation. Under conditions of stable product
and stable process change, firms use Mass Production strategy to achieve lowest cost.
When faced with both dynamic product and process changes, firms use Invention
strategy to generate unique or novel product and process, but this invention design
usually creates small volumes of new products at a high cost Invention organizatons
often are craft producers, entrepreneurs, and separate R&D units within
mass-production organizations.

The new competitive strategies are Continuous Improvement and Mass
Customization. In some industries, the nature of product demand is stll relatively stable

and homogeneous, but firms have to continuously improve their process quality, speed,
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and cost to meet competiion. Thus, Continuous Improvement is mostly a low-cost
process differentiation strategy within mature markets. The need for Mass Customization
arises when firms face the scenario of dynamic product change but relatively stable
process change, which is one of the realities of today's competitive envitonment. More
and more firms are feeling the pressure of customers' constantly changing demands on
variety and specifications, but many of these firms also report that the core processes
their companies are instituting to meet these demands remain stable. Thus the key
question becomes how to use a relatively stable process to generate vaded products at
low cost. Boynton et al. (1993) also suggest that the correct path of changing from mass
production to mass customization is not ditect, but rather indirectly through continuous
improvement.

Kotha (1995, 1996) conducted an in-depth case study of Natonal Bicycle
Industdal Company of Japan, which was a very successful example of mass
customization. These cases further verified the practical value and feasibility of mass
customization, and also discovered the important role of learning and knowledge
creation in achieving mass customization.

The current study is one of the first few attempts to operationalize mass
customizatdon. Duray (1997) proposed a measurement instrument for mass
customization, but her understanding of Mass Customization focused primarly on the
practices of product modularity and customer involvement The current study adopts a
much broader view on Mass Customization. In addition to a more comprehensive array
of mass customization practices, the mass customization capability resulted from the

practices are also directly measured. Mass Customization Capability is defined as the
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ability of a firm to produce vadeties of customized products on a large scale at a cost
comparable to non-customized products through technical and managerial innovations.
Based on a comprehensive review of the literature, three basic components of Mass
Customization Capability were identified:

Customization Cost Effectiveness. The ability to customize products without
increasing production costs. Lowering production costs has been the primary objective
of large scale mass production. Thus to achieve customization through higher costs will
not be an attractive alternative to manufacturers.

Customization Volume Effectiveness. The ability to increase product vasety
without sacrificing production volume. Mass production has laid the foundation of high
volume output for mass market. When the market becomes more and more segmented
but total demand is still increasing, a solution is needed. If’s certainly not a desirable
situation if customization results in under-utilization of an existing fixed asset base and a
decreasing market share. An ideal situation would be turning out individually customized
products at a rate similar to mass production rates.

Customization Responsiveness. The ability to reduce the time tequired to
deliver customized products and to quickly reorganize production processes in response
to customer’s customization requirements. [t makes no sense to pursue mass
customization if a customized product takes too long to produce. Customers just can’t
wait. Therefore, the speed of customization should be an indispeasable critedon for
evaluating mass customization capability.

Through a comprehensive review of existing literature, the current study propose

four major categories of antecedents of Mass Customization Capability, including the use
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of 1) information systems, 2) advanced manufacturing technologies, 3) time-based
manufacturing practices, and 4) modularity-based manufacturing practices. The first two
categcries represent the technological bases that enable firms to mass customize
products, while the last two categories represent the common organizational practices
that ensure full realization of mass customization capabilities. The relationships between

each of the four antecedents and mass customization capability are discussed below.

2.7.1. Research Hypothesis 5

Computer-based information systems have long been regarded as a crtical
enabler for transforming and reengineering various business processes (Hammer and
Champy, 1993). Similarly, as an entirely new paradigm of doing business, mass
customization requites extensive support from computer information systems at all
levels to integrate components of the mass customization system (Pine, 1993). For
example, the attempts by Levi Strauss & Company to offer ‘custom-fit’ blue jeans were
made possible due to a computer information netwotk system (Rifkin, 1994). Therefore,
it 1s hypothesized that
Hpypothesis 5: Thete is a positive relationship between the level of Information Systems

Usage and the level of Mass Custormization Capability.

2.7.2. Research Hypothesis 6

The benefits of advanced manufacturing technologies have been widely
recognized in the manufacturing management literature (Goldhar and Lei, 1994). Flexible
manufacturing technologies like CIM and FMS make it possible for firms to switch

between product lines with minimum cost penalty, so that they can increase product
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variety while maintaining high production volume (Doll and Vondetembse, 1987). When
describing the successful case of National Bicycle Industral Company (NBIC), Kotha
1995) pointed out that the CAD/CAM system and various CNC machines are at the
heart of NBIC’s mass customization system. Therefore, it is hypothesized that:
Hpypothesis 6: Thete is a positive relatdonship between the level of _Advanced
Manufacturing  Technology Usage and the level of Mass Customization

Capability.

2.7.3. Research Hypothesis 7

Time-based maoufacturing practices are definitely indispensable in achieving
mass customization. For example, setup time reduction makes it quick and economical to
switch between different product lines, while pull production minimizes waste in time
and resources, thus achieving customization cost effectiveness, volume effectiveness and
responsiveness. Pine (1993) suggests that new manufactuting management methods like
Just-In-Time enables firms to pursue mass customization in many industrdes. Kotha
(1995) also observed that NBIC’s success in mass customizing bicycles is due in a large
part to its ability to deliver the order in considerably shorter time than competitors.
Therefore, it is hypothesized that:
Hypothesis 7: Thete is a positive relatonship between the level of Time-Based

Manufacturing Practices and the level of Mass Custorization Capability.

2.7.4. Research Hypothesis 8
Modularity-based product and process design is becoming the most effective

strategy for coping with changing customer needs and increasing technological
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complexity (Baldwin and Clark, 1997). Pine (1993) cleatly pointed out that the best
method of achieving mass customization is by creating modular components that can be
configured into a wide variety of end products. Economies of scope are gained by using
the modular components over and over in different products. Feitzinger and Lee (1997)
detailed HP’s success in mass customization through product and process modularity.
Kotha (1995) further empirdcally confirmed that open communication with customers
and thorough understanding of customer needs as integral part of modulardty strategy are
key to mass customization success. Lei et al. (1996) echoed that a modular, open systems
approach is essential for realizing the full potential of economies of scope. Therefore, it
is hypothesized that:

Hpypothesis 8: There is a positive relatonship between the level of Modularity-Based

Manufacturing Practices and the level of Mass Custornization Capability.

2.8. Value to Customer Performance

As indicated in previous sections, this entire research framework is driven by the
constantly changing customer needs. Thus, the real question is: Will mass customization
actually create higher value to customers ? To answer this question, “Value to Customer
Performance” is included as the final dependent variable in the model.

Value to Customer Performance is defined as the extent to which customers
perceive the firm’s products as having higher value and their degree of satisfaction with
the products. The measurement items used are mainly adopted from Tracey (1996)
study. Some more items were added from the customer satisfaction literature (Naumann

and Giel, 1995) and customer service quality literature (Garvin, 1984). The items cover
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such aspects as customer perceptdon of the value of product vadety, customer
satisfaction to product quality, customer loyalty to products, and customer satisfaction of

the firm’s ability to customize products, etc.

2.8.1. Research Hypothesis 9

As indicated in previous discussions, the ultimate purpose of mass customization
is to create higher customer value. Pine (1993) defines the goal of mass customization as
providing enough vadety in products and setvices so that neatly every customer can find
exactly what he/she wants at a reasonable price. Gilmore and Pine (1997) further
illustrated the basic approaches of using mass customization to provide unique value to
customers. Kotha (1995) and Duray (1997) also provided empirical evidence that
customers generally consider customized products as having much higher value.
Therefore, it is hypothesized that
Hypothesis 9: There is a positive relationship between a firm’s Mass Customization

Capability and its Value to Customer Performance.

2.8.2. Research Hypothesis 10

Deschamps and Nayak (1995) advocated that in today’s fierce business
competition, “fomenting a customer obsession” to increase customer value is the only
way to maintain a competitive edge. They further argued that to create a customer
obsession, firms must have the capability to learn from customers and watch for new
industrial trends. This capability is exactly what absorptive capacity is about, ie., the
ability to identify and assimilate relevant external and internal knowledge and technology.

Thus higher absorptive capacity will enable firms to better understand customer needs,
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easier identify valuable business opportunities, and faster develop new products of high
value to customers. Bowen et al. (1989) also suggested that the new type of customer
service oriented manufacturing firrns rely heavily on climate and cultural mechanisms
such as shared norms and values, and an open communications climate, which are critical
components of absorptive capacity. Therefore, it is hypothesized that:

Hypothesis 10 : There is a positive relationship between a firm’s Absorptive Capacity and

its Value to Customer Performance.



CHAPTER 3: INSTRUMENT DEVELOPMENT (1): ITEM GENERATION
AND PILOT STUDY

This research developed the instruments to measure (1) Absorptive Capadity,
(@) Information Systems Usage, (3) Advanced Manufacturing Technology Usage,
(4) Modularity-Based Manufacturing Practices, and (5) Mass Customization Capability.
[nstruments to measure Time-Based Manufacturing Practices and Value to Customer
Performance were adopted from previous studies (Koufteros, 1995; Tracey, 1996) with
minor modifications. Since these two instruments have been tested in previous studies
and were found to be valid and reliable, they were not tested again in the pilot study.
Instead, they were revalidated in the large-scale analysis.

The instrument development process can be roughly divided into four phases:
(1) item generation, (2) pre-pilot study, (3) pilot study, and (4) large-scale data analysis
and instrument validation. First, an extensive and comprehensive literature review was
done to identfy the content domain of major constructs in the current research
framework. Initial items and the definitions of each construct were generated from the
literature review. The pre-pilot study involved structured interviews with practitioners
and academic experts to further refine the definitions and contents of measurement
items of each construct The third phase was a pilot study targeted at senior
muanufacturing managers. The instruments were then further refined based on the pilot
study results. The fourth phase was large-scale questionnaire administration. Research

hypotheses were tested based on the large-scale data analysis.

44
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3.1. I[tem Generation

Proper generation of measurement items of a construct determines the validity
and reliability of an empiricai research. The very basic requirement for a good imeasure is
content validity, which means the measurement items contained in an instrument should
cover the major content domain of a construct (Churchill, 1979). Content validity is
usually achieved through comprehensive literature view and interviewing with
practitioners and academic research experts. A list of initial items for each construct was
generated based on a very comprehensive review of relevant literature. Items were
organized into groups to measure a particular dimension of a construct domain. The
general literature basis for items in each construct are brefly discussed below.

The items for Absorptive Capacity (i.e., Exisuing Knowledge Base, Knowledge
Scanning, Communications Network and Communications Climate) were generated
based on the organizational learning literature, especially some of the early works on
absorptive capacity by Cohen and Levinthal (1990, 1994), Boynton et al. (1994), and
Brown (1995). The items for Information Systems Usage (i.e., Operational Decision
Support, Strategic Planning Support, Internal Integration, and External Integration) were
developed mainly from end user computing literature and strategic information systems
planning literature (Doll and Torkzadeh, 1995; Sethi and King, 1994). The items for
Advanced Manufacturing Technology Usage (iLe., Manufacturing planning and
controlling technologies, Manufacturing equipment and process technologies) were
primarly based on the review of technology management literature and implementation
literature (Cooper and Zmud, 1990; Chen and Small, 1994; Vonderembse et al., 1997).

The items for Modularity-Based Manufacturing Practices (Le., Product Modularity,
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Process Modularity, Dynamic Teaming, and Customer Closeness) were generated mainly
from the product development literature and modular manufacturing literature (Ulrich
and Tung, 1991; Baldwin and Clark, 1997; Feitzinger and Lec, 1997). Finally, the items
for Mass Customization Capability (e, Customizatdon cost effectiveness,
Customization volume effectiveness, and Customization responsiveness) were generated
pomasly from some eatly works on mass customization by Pine (1993), Boynton et al.

(1993), Kotha (1995, 1996), and Duray (1997).

3.2. Pre-pilot Study

To further ensure content validity, the measurement items generated from
literature review were pre-tested with four manufacturing managers in the Midwest
region of U.S. and six faculty members at a large state university.

The structured interviews with practitioners consist of two major steps. First, the
definition of each research construct was presented to practiioners and some open-
ended questions were asked about what they think should be representative questions /
sub-dimensions for that construct. In the second step, a “Q-Sort” methodology was
applied to the interviews. One 3” by 5” card was printed for each item generated from
literature review. The set of cards for each construct were shuffled and given to the
practiioners. The definitions of the entire construct and each of its sub-dimensions were
also presented. The practitioners were then asked to put each card under each of the
sub-dimensions to their best knowledge. Items considered not belong to any of the
existing dimensions were taken out and new dimensions were suggested if applicable. If

an item falls under a different dimension as previously conceived, questions were asked
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about why they think so. During the process, the practiioner may also suggest
combining two possibly overlapping dimensions. The interview results from all
practitioners were then carefully analyzed and a common pattern of thinking was
recognized, which forms the basis for further revision of measurement items and
construct dimensions.

A copy of the revised definitions and measurement items were then sent to
twelve faculty members to solicit their comments on the approprdateness of the
measures. They have the opportunity to suggest “Keep”, “Drop” or “Modify” each
item. They can also suggest new construct dimensions if they feel that the existing
dimensions do not cover the entire content domain. Six faculty members responded with

comments. The instruments were again revised based on those comments.

3.3. Pilot Study Methodology

Administering a small-scale pilot study pdor to the large-scale administration
provides valuable preliminary information about the reliability and validity of the
measurement scales. It offers a last opportunity to further purify the scales. A pilot study
questionnaire was seat out to 1000 manufacturing managers of medium to large size
companies nationwide. The mailing: list was extracted from the national manufacturers
directory published by Manufacturer’s News, Inc.. All target respondents have a job title
of “VP Manufacturing”, “Manufacturing Manager”, “Plant Manager”, “Manufacturing
Director”, “Production Manager” or “Plant Operations Manager”. The following SIC
codes were applied: 25 Fumniture and Fixtures; 30 Rubber and Miscellaneous Plastic

Products; 34 Fabricated Metal Products; 35 Industrial Machinery and Equipment; 36
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Electronic and Other Electric Equipment; 37 Transportation Equipment; 38 Instruments
and Related Products. As suggested by previous studies, manufacturing plants within
these SIC classifications are more likely to adopt advanced manufacturing technologies
and producr customization (Parthasarthy and Sethi, 1993; Duray, 1997).

There were 43 responses of which 40 were complete thus usable. This sample can
help provide preliminary assessments on the reliability and validity of the pilot study
instrument as well as offer clear directions on how to further refine the instrument items.

A major task of the pilot study analysis is item purification to ensute scale
reliability. Reliability concerns the extent to which a measurement scale yields the same
results on repeated tests. Thus it’s a measure of scale consistency. The current study uses
the most popular method of evaluating scale reliability, i.e., the internal consistency
method which uses Cronbach’s alpha (Cronbach, 1951) as indicator of reliability. Alpha
values over 0.7 are considered acceptable (Nunnally, 1978). A slightly lower alpha value
for a scale with smaller number of items may be considered at this pilot study stage.

For the purpose of item purification, the Corrected Item-Total Correlation
(CITC) will be calculated for each item (Kerlinger, 1978). An item will be eliminated if its
correlation with the corrected item total is below 0.50. A slightly lower CITC may be
acceptable if that item is considered to be important to the construct With aa
appropdate sample size, a dimension-level factor analysis may be used to assess the
unidimenstonality of each measurement scale. Dimension-level factor analysis can also
provide useful directions for possible merge or split of existing construct dimensions. If
a construct-level factor analysis is not possible due to smaller sample size, correlaton

coefficients will be checked to ensure discriminant validity of measurement scales.
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3.4. Pilot Study Results and Item Modification

The data from the 40 pilot test responses were entered into a SPSS database and
then analyzed following the pilot study methodology described above. Sections 3.4.1
through 3.4.5 will present the pilot test results for each of the following constructs:
Absorptive Capacity, Information Systems Usage, Advanced Manufacturing Technology
Usage, Modularity-Based Manufacturing Practices, and Mass Customization Capability.
For each construct, there will be generally three tables to present the results: 1) the initial
pilot study items and their corresponding code names; 2) the dimension-level corrected
item-total correlation (CITC) scores, alphas if deleted, and Cronbach’s alpha scores;
3) Due to the small pilot sample size, construct-level factor analyses are usually very
unstable, thus the third table will present the dimension-level factor loading scores to
check for the unidimensionality of each construct. Section 3.4.6 will discuss the

instruments that were not fully tested in the pilot study.

3.4.1. Absorptive Capacity (AC)

The Absorptive Capacity construct was initially represented by four dimensions
and 27 items: Existing Knowledge Base (EK) (4 items), Knowledge Scanning (KS)
(9 items), Communications Network (CN) (7 items), and Communicadons Climate (CC)
(7 items). The orginal 27 items and their corresponding code names are listed in Table

3.4.1.1.
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Table 3.4.1. 1. Absorptive Capacity - Pilot Study Items

Code Names Questionnaire Items

Existing Knowledge Base (EK)
EK1 The general knowledge level of our employees is high
EKR2 The knowledge of our managers is adequate when making business decisions
EK3 The technical knowledge of our employees is high
EK4 The know}edge of our managers is adequate when dealing with new

technologies
Knowledge Scanning (KS)

KS1 We track new technological and market trends in our industry
KS2 We search for useful information routinely
KS3 We have regular employee training programs
Ks4 We seek to learn from our competitors through benchmarking
KS5 We try out new technologies more often than our competitors
KS6 We seek to learn from our customers and suppliers
KS7 We seek new business opportunities proactively
KsS8 We have intensive R&D activities
KS9 We reward our employees for leaming new skills

Communications Network (CN)
CN1 There are frequent and extensive communications among functional areas
CN2 The communications between departments are hindered by clear boundaries
CN3 The information flows tend to be top-down rather than bottom-up
CN4 There are &c:.quent and extensive communications between supervisors and their

subordinates
CN5 The communications among different departments tend to be informal
CNé6 Ideas from one function or department can be easily communicated to others
CN7 Infon;:ﬁon hz—ls to pass through maay hierarchical levels before it reaches its
destination

Communications Climate (CC)
cci Employees tend to trust each other
cCc2 Management encourages experimental mind-set and risk-taking:
Ccc3 Employees and functional managers are supportive of each other
cC4 Employees have strong feelings of belonging to our organization
CCs We have a very open communications environment
CCé We have no difficulty implementing new ideas in our organization

cC7 Employees share ideas freely with each other
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Item Purification. An initial reliability analysis for the Existing Knowledge Base
(EK) items showed an alpha score of only 0.48, and CITC scotes for all EK items were
all below 0.40. This signifies possible multiple underlying dimensions. A dimension-level
factor analysis for the EK items revealed two distinctive factors. The results are displayed

in Table 3.4.1.2.

Table 3.4.1. 2. Dimension-Level Factor Analysis for Existing Knowledge Base

Item Factor Loadings

EK1 0.92

EK3 0.92

ERK2 0.91
ER4 0.91

A closer look at the EK items shows that EK1 and EK3 represent first-line
wotker knowledge base, while EK2 and EK4 represent management knowledge base.
Reliability analysis were then conducted for both sub-dimensions, resulting in an alpha
score of (.81 and 0.78 respectively, and all CITC scores were above 0.60.

Examination of CITC scores for all other dimensions resulted in the elimination
of four Knowledge Scanning (KS) items (KS3, KS4, KS6, KS9), four Communications
Network (CN) items (CN3, CN4, CNS5, CN7), and one Communications Climate (CC)
item (CC2) due to their low CITC scores. The CITC scores for all remaining items in
CN and CC dimensions were well above 0.50. But for the KS dimension, the CITC
scores for some items were stll below 0.50 even after purification, and no further
improvements could be made. This indicates the need for some major item revisions and
rewording in this dimension. The final alphas were 0.61 for KS (5 items), 0.74 for CN

(3 items), and 0.81 for CC (6 items). Table 3.4.1.3. presents the item purification results.
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Table 3.4.1. 3. Absorptive Capacity - [tem Purification Results

Items Initial CITC Final CITC Alpha if deleted Alpha Score
Existing Knowledge Base (EK)

EK1 0.34 0.68 NA

EES 0.38 0.68 NA >=0.81
EK2 0.24 0.66 NA

EK4 0.17 0.66 NA @=0.78

Knowledge Scanning (KS)

KS1 0.53 0.49

KS2 0.32 0.58

KS5 0.44 0.51 o=0.61
ES7 0.30 0.59

Ks8 0.34 0.60

Communications Network CN)
CN1 0.41 0.51 0.71
CN2 0.66 0.61 0.61 a=0.74
CN6 0.62 0.60 0.63
. Communications Climate (CC)
cc1 0.56 0.54 0.79
Ccc3 0.54 0.54 0.79
cC4 0.49 0.44 0.82 a=0.81
CCs 0.71 0.71 0.76
CCe6 0.58 0.62 0.77
cC? 0.58 0.65 0.77

[enaropn '-oi'vul..g-']. itiHcations
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Dimension-Level Factor Analysis. To further ensure the unidimensionality of
each dimension in the Absorptive Capacity construct, a dimension-level factor analysis
was run for each of the four dimensions in Absorptive Capacity. As discussed above, the
EK dimeansion revealed two sub-dimensions with all factor loadings above 0.90. A single
factor emerged for all other dimensions with most factor loadings over 0.60. The factor

analysis results are displayed in Table 3.4.1.4.

Table 3.4.1. 4. Absorptive Capacity - Dimension-Level Factor Analysis

Items Factor Loadings
Existing Knowledge Base (EK)

:;31 Employee Knowledge Base 832

Ez Management Knowledge Base 331

Knowledge Scanning (KS)

Ks1 0.79

KS2 0.64

KS5 0.64

KS7 0.55

KS8 0.55
Communications Netwotk (CN)

CN1 0.77

CN2 0.84

CN6 0.83
Communications Climate (CC)

CCtL 0.68

CC3 0.68

CC4 0.61

CCs 0.84

CC6 0.77

CC7 0.78
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Item Revisions. The pilot study results provided some very clear directions on
how to further revise the instrument items before large-scale mailing. The EK dimension
revealed two sub-dimensions, it was thus determined that EK dimeasion be split into
two dimensions, ie., First-line Worker Knowledge Base and Management Knowledge
Base. Since the two items for each dimension were considered to be insufficient, at least
two items will be added to each dimension. A closer examinaton of the KS items
showed that the wording for some items was unclear or even misleading, thus some
significant changes and rewording will be necessary. For the CN dimeasion, although the
remaining three items displayed good reliability and unidimensionality, some items
considered to be importaat for this concept domain were dropped due to inappropriate
wording. Thus additional items carefully reworded will be designed for CN dimension.

The items for CC dimension also require some minor revisions.

3.4.2. Information Systems Usage (ISU)

The Information Systems Usage construct was initially represented by four
dimensions and 25 items: Operational Decision Support (ODS) (4 items), Strategic
Planning Support (SPS) (5 items), External Integraton (EXI) (8 items), and Internal
Integration (INI) (8 items). The original 25 items and their corresponding code names
are listed in Table 3.4.2.1.

Item Purification. Examination of CITC scores for the four dimensions in
Information Systems Usage (ISU) resulted in the elimination of one Operatonal
Decision Support (ODS) item (ODS4) and three Internal Integration (INI) items (INI3,
INI4, INI8) due to their relatively low CITC scores. The CITC scores for all remaining

items in ODS, SPS and External Integration (EXT) dimensions were above 0.50. But for
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the INI dimension, the CITC scores for most items were still below 0.50 even after
pusification, and no further improvements could be made by simply removing items.
This indicates the need for some major item revisions and rewording in this dimension.
The final alphas were 0.83 for ODS (3 items), 0.86 for SPS (5 items), 0.87 for EXI
(8 items), and 0.66 for INI (5 items). Table 3.4.2.2. presents the item purification results.

Dimension-Level Factor Analysis. To further ensute the unidimensionality of
each dimension in the Information Systems Usage construct, a dimension-level factor
analysis was run for each of the four dimensions. A single factor emerged for all four
dimensions with most factor loadings above 0.70. The factor analysis results are
displayed in Table 3.4.2.3.

Item Revisions. The ODS measute displayed good reliability and
unidimensionality, but consist of only 3 items. A few more items for the ODS dimension
are required. No major problem was found in the SPS and EXI instrumeants, oanly some
minor item rewording was done to further improve their intemal consistency. As
discussed above, the INI dimension measure scored relatively low on reliability and
unidimensionality assessments. A closer examination of the INI items showed that the
wording for some items was unclear and respondents sometimes confuse them with the
items in the ODS dimension. Thus the INI items underwent major revisions to
emphasize their common core of internal informaton sharing rather than providing

decision support.
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Table 3.4.2. 1. Information Systems Usage - Pilot Study Items

Code Names Questionnaire Items
Operational Decision Support (ODS)
ODS1 help justify operational decisions
ODS2 improve the efficiency of our operational decision processes
ODS3 analyze why problems occur in daily operadons
ODs4 control or shape the operational decision process
Strategic Planning Support (SPS)
SPS1 improve the effectiveness of our strategic planning processes
SPS2 help creating new ways of doing business
SPS3 help formulate our long-term business plans
SPS4 be a strategic weapon to generate long-term competitive advantage
SPS5 help justify our long-term business plans
External Integration (EXI)
EXI1 exchange information with government agencies
EXI2 facilitate supplier involvement in our product design and production
processes
EXT3 keep in contact with research institutions
EX14 keep suppliers informed of our specific requirements
EXT5 collect information about customer requirements
EXT6 keep track of new trends in our industry
EX17 keep in touch with customers
EXI8 benchmark best practices of our industry
Intemal Integration (INI)
INI1 organize information needed in daily operations
INI2 keep supervisors informed of the work progress of subordinates
INI3 distribute information needed in daily operations
INI4 access information needed in daily operations
INI5 fadlitate information sharing between supervisors and subordinates
INI6 help employees get feedback on their performance
INI7 coordinate activities of different departments
INIS8 share information among different departments
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Table 3.4.2. 2. Information Systems Usage - [tem Purification Results

Steategic Planning Support (SPS)

Items Initial CITC Final CITC Alpha if deleted Alpha Score
Operational Decision Support (ODS)

ODs1 0.62 0.65 0.80

ODS2 0.72 0.80 0.67 «=0.83

ODS3 0.70 0.64 0.82

SPS1 0.68 0.68 0.84
SPS2 0.59 0.59 0.86
SPS3 0.72 0.72 0.83 =0.86
SPS4 0.66 0.66 0.84
SPS5 0.80 0.80 0.81
External Integration (EXI)
EXI11 0.64 0.64 0.85
EXT2 0.69 0.69 0.85
EXI3 0.61 0.61 0.86
EX14 0.67 0.67 0.85
EXI5 0.64 0.64 0.86 =087
EXI6 0.60 0.60 0.86
EXT7 0.59 0.59 0.86
EXI8 0.59 0.59 0.86
Internal Integration (IINT)
INT1 0.49 37 62
INI2 0.32 36 .63
INIS 0.48 45 59 a=0.66
INI6 0.45 56 52
INI7 0.36 33 64
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Table 3.4.2. 3, Information Systems Usage - Dimension-Level Factor Analysis

Items Factor Loadings
Operational Decision Support (ODS)
ODSs1 0.86
ODS2 0.93
ODS3 0.81
Strategic Planning Support (SPS)
SPS1 0.81
SPS2 0.70
SPS3 0.84
SPs4 0.75
SPS5 0.90
External Integration (EXI)
EXT1 0.68
EX12 0.79
EXI13 0.66
EXI4 0.79
EXI5 0.76
EXI6 0.64
EX17 0.76
EXI8 0.72
Internal Integradon (INI)
INI1 0.65
INI2 0.61
INIS 0.77
INI6 0.74
INI7 0.58

3.4.3. Advanced Manufacturing Technology Usage (AMTTU)
The Advanced Manufacturing Systems Usage construct was initially represented

by two dimensions and 17 items: Manufacturing Equipment and Process Technologies

(MEP) (7 items), and Manufacturing Planning and Control Technologies (MPC)
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(10 items). The original 17 items and their corresponding code names are listed in Table

3.4.3.1.

Table 3.4.3. 1. Advanced Manufacturing Technology Usage - Pilot Study Items

Code Names Questionnaire Items
Manufacturing Equipment and Process Technologies (MEP)

MEP1 We use computer numerical controlled machines

MEP2 We use automated inspection and testing equipment

MEP3 We use automated stodng and retrdeving systems

MEP4 We use conveyors to deliver parts to work centers

MEP5 We use automated guided vehicles to deliver parts and tools

MEP6 We use industrial robots in work centers

MEP7 We use flexible manufacturing systems

Manufacturing Planning and Control Technologies (MPC)

MPC1 We use computer-aided technology to monitor the production process and
provide feedback

MPC2 We use computer-aided technology to determine routings between machines

MPC3 We use computer-based prototyping in product design

MPC4 We use computer-aided technology to facilitate production by classifying
parts into families according to similarities

MPC5 We use just-in-time production control system

MPC6 We use product-oriented layout (manufacturing cells) to produce a family of
parts

MPC7 We use computer-aided technology to plan machining operations

MPC3 We use computer systems to plan and control materal requirements

MPC9 We use computer systems to manage manufacturing resources and the

interfaces with marketing and finance
MPC10 We use computer-aided technology to automate parts and tools design
processes

Item Purification. Examination of CITC scores for the two dimenstons in the
Advanced Manufacturing Technology Usage (AMTU) construct resulted in the
elimination of one Manufacturing Equipment and Process Technologies (MEP) item

(MEPG) and four Manufacturing Planning and Control Technologies (MPC) items

MPC3, MPC5, MPC6, MPC9). The final CITC scores for all remaining items in MEP
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and MPC dimensions were above 0.50. The final alphas were 0.80 for MEP dimension
(6 items), and 0.90 for MPC dimension (6 items). Table 3.4.3.2. presents the item

purification results.

Table 3.4.3. 2. Advanced Manufacturing Technology Usage

- Item Purification Results
Items | Initial CITC Final CITC | Alpha ifdeleted | Alpha Score
Manufacturing Equipment and Process Technologies (MEP)
MEP1 0.60 0.57 0.77
MEP2 0.77 0.70 0.74
MEP3 0.56 0.53 0.78
a=0.80

MEP4 0.46 0.50 0.79
MEPS5 0.45 0.51 0.78

0.57 0.77

Manufacturing Planning and Control Technologies (MPC)

MPC1 0.62 0.72 0.89
MPC2 0.74 0.75 0.89

MPC4 0.75 0.86 0.87 o =0.90
MPC7 0.82 0.83 0.87

MPC8 0.63 0.72 0.89

MPC10 0.49 0.56 0.90

Dimension-Level Factor Analysis. To further ensure the unidimensionality of

each dimension in the Advanced Manufacturing Technology Usage construct, a
dimension-level factor analysis was run for each of the two dimensions. A single factor
emerged for both dimensions with most factor loadings over 0.60. The factor analysis

results are displayed in Table 3.4.3.3.
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Table 3.4.3. 3. Advanced Manufacturing Technology Usage - Dimension Level

Factor Analysis Results
Items Factor Loadings
Manufacturing Equipment and Process Technologies (MEP)
MEP1 0.55
MEP2 0.70
MEP3 0.69
MEP4 0.71
MEPS 0.66
MEP?7 0.58
Manufacturing Planning and Control Technologies (MPC)
MPC1 0.64
MPC2 0.77
MPC4 0.86
MPC7 0.87
MPC8 0.79
MPC10 0.66

Item Revisions. No major problem was found on the MEP dimension, but
rewrdting of some items will be necessary to improve consistency across items. Four
items were dropped from the MPC dimension, including Just-In-Time Production and
Cellular Manufacturing. It appeared that some manufacturing managers do not consider
them to be manufacturing technologies, but a philosophy of organizing production. In
fact, some of these concepts have already been covered under the construct of Time-
Based Manufacturing Practices. It was thus determined that these items could be

reasonably dropped from the AMTU construct.



62

3.4.4. Modulardity-Based Manufacturing Practices (MBMP)

The Modularity-Based Manufacturing Practices construct was initially represented
by four dimensions and 21 items: Product Modularity (PM) (9 items), Process Modularity
(PRM) (4 items), Dynamic Teaming (DT) (4 items), and Customer Closeness (CUC)
(4 items). The orginal 21 items and their corresponding code names are listed in Table
3.44.1.

Item Purification. Examination of CITC scores for all dimensions in the
Modularity-Based Manufacturing Practices (MBMP) construct resulted in the elimination
of three Product Moduladty (PM) items (PM3, PM8, PM9), one Process Modularity
(PRM) item (PRM3), and one Customer Closeness (CUC) item (CUC1). The final CITC
scores for the remaining items in PM, DT and CUC dimensions were all above or very
close to 0.50. But for the PRM dimension, the CITC scotes for all items were still below
0.50 even after punfication, and no further improvements could be made. This indicated
the need for some major item revisions and rewriting in this dimension. The final alphas
were 0.81 for PM (6 items), 0.61 for PRM (3 items), 0.79 for DT ( 4 items), and 0.93 for
CUC (3 items). Table 3.4.4.2. presents the item purification results.

Dimension-Level Factor Analysis. To further ensure the unidimensionality of
each dimension in the Absorptive Capacity construct, a dimension-level factor analysis
was run for each of the four dimensions in Absorptive Capacity. A single factor emerged
for all dimensions with all factor loadings over 0.60. The factor analysis results are

displayed in Table 3.4.4.3.
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Table 3.4.4. 1. Modularity-Based Manufacturing Practices - Pilot Study Items

Code Names Questionnaire Items
Product Modularity (PM)
PM1 Qur product features are designed around a standard base unit
PM2 We can add product options to a standard unit
PM3 Our products are designed arcund common core technology
PM4 Our products are typically designed as detachable modules
PMs5 End-users can customize our products by reatranging product components
PM6 We can reassemble product modules into different forms
PM7 Customization features are typically added at the end of our production process
PMB8 Our products share common components
PM9 Customization features are usually designed into our products
Process Modularity (PRM)
PRM1 Qur production process can be altered by adding new process modules as
needed
PRM2 Our production process is designed as detachable modules
PRM3 Qur production process is designed around core sub-processes
PRM4 S:ez Eroduction process can be easily rearranged to meet different product
Dynamic Teaming (DT)
DT1 Production teams are used in our plant
DT2 Our production teams can be reorganized in response to product/process
changes
DT3 Our production team members are capable of working under different product
and process configurations
DT4 Our production teams have no difficulty accessing necessary resources
Customer Closeness (CUC)
CUC1 Our manufacturing department communicate with customers directly
cucz We monitor changes in customer needs through close contacts
Cucs We keep close contact with customers
CUC4 We help customers clarfy their needs through close contacts
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Table 3.4.4. 2. Modularity-Based Manufacturing Practices

- I[tem Purification Results
Items Initial CITC Final CITC Alpha if deleted Alpha Scote
Product Modularity (PM)
PM1 0.58 0.60 0.78
PM2 0.68 0.70 0.75
PM4 044 0.50 0.80
a=0.81
PM5 051 0.50 0.80
PM6 0.70 0.70 0.76
PM7 043 047 0.80

Process Modularity (PRM)
0.38 0.57
0.49 0.42

0.40

D12 062 0.62 073
DT3 072 072 0.68 =0.79
DT4 052 052 0.78

Customer Closeness (CUC)
cuc2 076 0.84 0.90
CUCs 0.80 0.86 0.90 =0.93
cucs 080 0.88 0.88
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Table 3.4.4, 3. Modularity-Based Manufacturing Practices - Dimension-Level

Factor Analysis Results
Items Factor Loadings
Product Modularity (PM)
PM1 0.66
PM2 0.70
PM4 0.62
PM5 0.68
PM6 0.83
PM7 0.60
Process Modularity (PRM)
PRM1 0.63
PRM2 0.76
PRM4 0.78
Dynamic Teaming (DT)
DT1 0.68
DT2 0.81
DT3 0.87
DT4 0.64
Customer Closeness (CUC)
cuc2 091
cuc3 0.94
cuc4 0.92

Item Revisions. The items in DT and CUC dimensions displayed least problem
and best internal consistency, but further literature search showed that the fewer items in
these two dimensions were not sufficent. Thus some new items will be designed and
added in the large-scale questionnaire. For the PM dimension, slightly low CITC scores
for some items (PM4, PM5, PM7) indicated the need for item revisions to eliminate
ambiguity. The major problem was found in the PRM dimension with unsatisfactory
CITC and reliability scores. The cause for the problem might be twofold. First, Process

Modularity is a fairly new concept to most manufacturing managers, and process
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modularity practices are even less well known. Thus the respondents lack a2 common
understanding of the concept. Second, the conceptualizaton of process modularity
might not be effectively conveyed to respondents due to ambiguity of some items.
Therefore, it was decided that the PRM dimension require major revision of existing

items and design of new items based on further literature search.

3.4.5. Mass Customization Capability (MCC)

The Mass Customization Capability (MCC) construct was initially represented by
only one dimension and 4 items. The original 4 items and their corresponding code
names are listed in Table 3.4.5.1.

Item Purification. Examinatdon of CITC scores for the four items in Mass
Customization Capability (MCC) construct resulted in the elimination of one item
(MCC2). The CITC scores for all remaining items in MCC dimension are above 0.50.
The final alpha was 0.75 for the three items. Table 3.4.5.2. presents the item purification
results.

Exploratory Factor Analysis. To further ensure the unidimensionality of the
Mass Customization Capability construct measurement, exploratory factor analysis was
run on the three items. A clear single factor emerged with all factor loadings above 0.70.
The factor analysis results are displayed in Table 3.4.5.3.

Item Revisions. Although the MCC items displayed good reliability and
unidimensionality, the resulting three items were considered to be insufficient when
more literature was gathered on this construct. In addition, these initial items put more
emphasis on customizaton responsiveness while items on customizaton cost

effectiveness and volume cffectiveness were relatively weak. Therefore, it was
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determined that more items will be designed based on an expanded literature search, so

that the instrument can reflect a more complete construct domain.

Table 3.4.5.1. Mass Customization Capability — Pilot Study Items

Code Names Questionnarire Items
MCC1 We can quickly translate customer requirements into technical designs
MCC2 We can quic_kly;eorgmzize our production processes in response to
customization requirements
MCC3 We respond more quickly to customization requirements than our
competitors do
We can produce customized products with lead time and cost comparable
MCC4
to mass-produced products

Table 3.4.5. 2. Mass Customization Capability - Item Purification Results

Items Initial CITC Final CITC Alpha if deleted Alpha Score
MCC1 0.58 0.57 0.69
MCC3 0.63 0.61 0.66 a=0.75
MCC4 0.58 0.60 0.66

. P

Table 3.4.5. 3. Mass Customization Capability - Dimension - Level Factor Analysis

ltems Factor Loadings
Mass Customization Capability (MCC)
MCC1 0.79
MCC3 0.84
MCC4 0.80

3.4.6. Pilot Study Conclusion

The pilot study results provided preliminary reliability and validity information on
the survey instrumeant, which requires further revision. During final revision process, the
four manufacturing managers and six faculty members used in the pre-pilot study were

again consulted to comment on the items while presenting them with the pilot study



68

results. By integrating the feedback comments, further literature study, and the pilot
analysis results, some items were dropped due to low CITC scores or by suggestion,
some were reworded to eliminate ambiguity and improve the intemal consistency of sub-
dimensions, and several new items were also developed in an effort to cover a more
complete construct domain. This revision process went on untl a satisfactory version of

final survey instrument was reached and ready for the large-scale administration.



CHAPTER 4: INSTRUMENT DEVELOPMENT (2) - LARGE-SCALE
ADMINISTRATION AND INSTRUMENT VALIDATION

4.1. Large-scale Data Collection Methodology

One importaat success factor in an empirical study is the quality of respondents.
The respondents are expected to have detailed knowledge on multiple topic areas in the
survey. In the case of the current study, the respondents are expect to have experience in
different levels of manufacturng management. It is also desirable that the respondents
are representative of different geographical areas, industries, and firm sizes, so that the
results can be generalizable. Based on these thoughts, the large-scale mailing list was
obtained from the Sodiety of Manufacturing Engineers (SME), an internationally well-
known organization of manufacturing managers and engineers, with 65,000 active
members all over the world and in almost every industry.

The initial mailing list contained 4,000 names randomly selected from the SME
United States membership database. Prorities were given to members in the following
SIC classifications: 25 Furniture and Fixtures; 30 Rubber and Miscellineous Plastic
Products; 34 Fabricated Metal Products; 35 Industrial Machinery and Equipment; 36
Electronic and Other Electric Equipment; 37 Transportation Equipment; 38 Instruments
and Related Products. Previous studies indicated that manufacturing plants within these
SIC classifications are more likely to adopt advanced manufacturing technologies and

product customization (Parthasarthy and Sethi, 1993; Duray, 1997).

69
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This mailing list was then further refined through the following steps: 1) Some
names did not have company affiliatons, and the mailing addresses were deemed to be
home addresses. These names were removed in consideration of home privacy of
respondeants; 2) If there were multiple names from the same company, the person with
the most relevant job title was picked and the others were removed; 3) The names with
obviously inappropmate job titles to the current study were removed, such as “Chief
Finandial Officer” and “Matedials Manager”. The remaining names mostly have the ttle
of “Manufacturing Manager”, “VP of Manufacturing”, “Manufacturing Director”, “Plant
Manager”, “Production Manager”, or “Operations Manager”. These higher level
manufacturing managers should have enough experience to respond to the questions.
4) Some obvious errors in names and mailing addresses were also corrected. The
refinement resulted in a list of 3109 names. Since the surveys were sent by bulk mail, the
mailing addresses had to be filtered again by a post office program to satsfy certain
standard. This resulted in the removal of another 278 names. Therefore, the final mailing
list contained 2831 names.

The finalized version of questionnaire was administered through large-scale
mailing to these 2831 manufacturing managers from SME membership. To ensure a
reasonable response rate, the survey was administered in three stages. First, a copy of the
questionnaire with a cover letter describing the purpose and significance of the current
study was mailed to the 2831 manufacturing managers. Two weeks later, a follow-up
letter was mailed to each of the target respondents to remind them of filling out the

survey. The names of those who responded were then removed from the original mailing
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list. After another two weeks, a second follow-up letter with a copy of the questionnaire
was sent to those who still had not responded.

There were a total of 320 responses from the mailings. Of these responses, seven
letters indicate that the target respondent is no longer an employee at the company.
Seven questionnaires were returned empty with notes indicating that the survey does not
apply to their specific industry, or they do not have tme to fill out the sutvey. Another
three responses were determined to be incomplete or unsuitable for further analysis.
Therefore, the final number of complete and usable responses was 303, representing an
overall response rate of 10.7%, which is considered to be satisfactory. Detailed
demographic information of the 303 respondents, such as industry classification and firm
size, is provided in Appendix L

An important concern in data collecdon has been whether the sample is
representative of the population. Because the original mailing list did not provide
demographic information on the target respondents, there is no way to compare the 303
respondents with the non-respondents. However, because the questionnaire was
administered in two rounds, it offered a unique opportunity to check for possible non-
respondent bias. According to the time log, the 303 responses came in two batches as a
result of the two mailings. The first batch has 123 responses and the second batch as 180
responses. The non-respondent bias analysis was done by treating the first batch as
respondents and the second batch as non-respondents. The respondents and non-
respondents were compared on the basis of firm size, industry type, and sales volume.
No significant differences were found. It was thus concluded that non-respondent bias

was not a cause for concern. The comparisons were listed in Appendix IT.
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4.2. Large-scale Instrument Assessment Methodology

The survey instrument used in the large-scale study was then submitted to
dgorous reliability and validity assessment using the 303 responses. The reliability
assessment process was similar to that of the pilot study. The primary difference lies in
the instrument validation process. In the large-scale study, the sample size was large
enough for construct level exploratory factor analysis to assess the unidimensionality,
convergent validity and disctiminate validity of each measurement instrument to be
developed. The predictive validity of the measures was also examined by linking the
independents variables with their relevant dependent variables.

The statistical package SPSS 8.0 for Windows was used to conduct all the
statistical analysis. The instrument items were first purified by examining the Corrected
Item-to-Total Correlation (CITC) scores of each item with respect to a specific
dimension of a construct. The CITC score is a very good indicator of how well each item
contnbute to the internal consistency of a particular construct dimension as measured by
the Cronbach’s Alpha coefficient (Cronbach, 1951). As a general rule, items with an
CITC score of lower than 0.50 should be removed. However, a slightly lower CITC
score may be acceptable if that particular item is considered to be important to the
construct dimension. On the other hand, certain items with CITC score above 0.50 may
also be removed if their deleton can improve the overall reliability of the specific
dimension. This can be determined by examining the “Alpha if deleted” score. Also, it
must be noted that low CITC scores may sometimes indicate multiple underlying factors

in the current dimension.
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To further ensure the unidimensionality and convergent validity of measurement
instrument, the purified items under each construct dimension were submitted as a
group to dimension-level exploratory factor analysis. Factor analysis is an important data
reduction and summarization method. It analyzes the interrelationships among a large
number of vadables and then explains these vadables in terms of their common
underlying dimensions (factors). One of the first decisions in factor analysis is to choose
a factor extraction method and the type of input matrix. The widely accepted Principal
Component analysis method was selected and the correlation matrix was used as input.

Another important decision in factor analysis is the type of factor rotation. By
rotating the factor axes, researchers expect to achieve a simpler, theoretically more
meaningful factor pattern. The current study used the most popular VARIMAX factor
rotation method. VARIMAX method focuses on simplifying the columas of the factor
matnx, thus giving a clearer separation of the factors than any other methods (Hair et al.,
1992, pp. 236). The MEANSUB command was used to replace the missing values with
the mean score for that item.

A scale with good intemal consistency should have all items load on one factor. If
multiple factors emerged, the possibility of splitting the items into multiple dimensions
was carefully examined, and theoretical justifications were sought

The entire group of items under each construct was then put into a construct-
level exploratory factor analysis to check for their discriminant validity among different
dimensions. Once again, Principal Component extraction, VARIMAX rotation, and
MEANSUB command were used. As a general rule of thumb, when the sample size is 50

or larger, factor loadings greater than 0.30 are considered to be significant; loadings of
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0.40 are considered more important; and loadings of greater than 0.50 are very significant
(Hair, et al, 1992, pp. 239). To ensure the high quality of instrument development
process in the current study, 0.50 was used as the cutoff score for factor loadings, ie.,
items with loadings lower than 0.50 will generally be removed. To streamline the final
results, factor loadings below 0.4 were not reported. Items with serous cross-loadings
(Le., an item loaded very close to 0.50 on both factors) were generally dropped.

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was calculated
for all dimension-level and construct-level factor analysis. This measure ensures that the
effective sample size is adequate for the current factor analysis. Generally, 2 KMO score
in the 0.90°s is considered outstanding, the 0.80’s as very good, the 0.70’s as average,
0.60’s as tolerable, 0.50’s as miserable, and below 0.50 as unacceptable.

Finally, the Cronbach’s Alpha reliability coefficdent were calculated for each
dimension to make sure that they are all above the minimum suggested value. An Alpha
score of higher than 0.70 is generally considered to be acceptable (Nunnally, 1978). To
check for the predictive validity of the resulting measurement instrument, a composite
score for each construct was calculated by taking the average of all remaining items in the
construct. Pearson correlation coefficients among these composite construct measures

were then calculated to determine the significance of hypothesized relationships.

4.3. Large-scale Study Results
The following sections will present the large-scale instrument validation results
on each of the seven major constructs in the current study, including Absorptive

Capaaty (AC), Information Systems Usage (ISU), Advanced Manufacturing Technology
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Usage (AMTU), Time-Based Manufacturing Practices (TBMP), Modularity-Based
Manufacturing Practices (MBMP), Mass Customization Capability (MCC), and Value to
Customer Performance (VCP). For each construct, the instrument assessment
methodology described in the previous section was applied, and tables were provided to-
present the results: 1) The inidal large-scale measurement items for the construct; 2) The
dimension-level corrected item-total correladon (CITC) scores and Cronbach’s alpha;
3) The dimension-level exploratory factor analysis results; 4) The construct-level factor
analysis results; 5) The final Cronbach’s alpha reliability coefficients ( provided only if the
factor analysis result in further modificaion of items); and 6) The final set of
measurement items for the construct ( not provided if there is no change in items after

instrument validation ).

4.3.1. Absozptive Capacity (AC)

The Absorptive Capadity (AC) construct was represented by five dimensions and
29 items in the large-scale questionnaire, including first-line Worker Knowledge (WK)
(4 items), Management Knowledge (MK) (4 items), Knowledge Scanning (KS) (7 items),
Communicadons Network (CN) (7 items), and Communications Climate (CC) (7 items).
The original 29 items and their corresponding code names are listed in Table 4.3.1.1.

Reliability Analysis. An inital reliability analysis was done for each of the five
Absorptive Capacity (AC) dimensions. The Corrected Item-Total Correlaton (CITC)
scores for all items in WK, MK and CC dimensions wete above 0.50. For the KS
dimension, item KS7 (We seek to learn from conducting R&D activides) had a CITC
score of 0.48, slightly below 0.50. Considering the importance of item KS7 to this

dimension, KS7 was kept at this stage. For the CN dimension, items CIN6 and CN7 had
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respective CI'TC scores of 0.30 and 0.31, far below 0.50. Thus they were removed at this
stage. The final Cronbach’s Alpha scores were 0.87 for WK, 0.84 for MK, 0.80 for KS,
0.86 for CN, and 0.89 for CC. Table 4.3.1.2. presents the reliability analysis results.

Dimension-Level Exploratory Factor Analysis. To further ensure the
unidimensionality and convergent validity of each dimension in the Absorptive Capacity
construct, a dimension-level factor analysis was run for each of the five dimensions in
Absorptive Capacity construct. A single factor emerged for each of the five dimensions
with all factor loadings over 0.60 and most over 0.70. The Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy were all close to or above 0.80. The factor analysis results
are displayed in Table 4.3.1.3.

Construct-Level Exploratory Factor Analysis. In this step, all the remaining
27 AC items were submitted to a construct-level exploratory factor analysis to check for
disciminant validity of the measurement instrument. Five factors emerged from the
factor analysis with most factor loadings above 0.60 (Table 4.3.1.4). Cross-loading was
observed on item CC5, thus CC5 was removed and the construct-level factor analysis
was performed again. The final construct-level factor analysis results ate shown in Table
4.3.1.5. The KMO score of 0.92 indicated outstanding sampling adequacy. The final set
of measurement items for the Absorptive Capacity construct organized by factor

loadings are shown in Table 4.3.1.6.
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Table 4.3.1. 1. Absorptive Capacity - Large-Scale Study Items

Code Names Quesdonnaire Items
Worker Knowledge (WK)
WK1 The general knowledge level of our first-line workers is high
WK2 The overall technical knowledge of our first-line workers is high
WK3 The general educational level of our first-line workers is high
WK4 The overall job competence of our first-line workers is high
Management Knowledge (MK)
MEK1L The knowledge of our managers is adequate when making business decisions
MEK2 The know}edge of our managers is adequate when dealing with new
technologies
MK3 The knowledge of our managers is adequate when managing daily operations
MEK4 The knowledge of our managers is adequate when solving technical problems
Knowledge Scanning (KS)
Ks1 We seek to learn from tracking new market trends in our industry
KS2 We seek to learn from routne search of useful information
KS3 We seek to learn from benchmarking best practices in our industry
Ks4 We seek to learn from trying out new technologies
KSs We seek to learn from our customers and suppliers
KSé We seck to learn from taking new business opportunities
KS7 We seek to learn from conducting R&D activities
Communications Network (CN)
CN1 The communications between supervisors and their subordinates are extensive
CIN2 The communications among functional areas are extensive
CN3 The communications among functional areas are frequent
CN4 The communications between supervisors and their subordinates are frequent
CN5 The communication of new ideas from one department to another is extensive
CN6 The communications between departments are hindered by clear boundaries
CIN7 The communications has to pass through many hierarchical levels in our firm
Communications Climate (CC)
cci Our employees tend to trust each other
cc2 Our employees are supportive of each other
ca Our employees have strong feelings of belonging to our organization
cc4 Our employees share ideas freely with each other
CGCs Our employees share 2 very open communications environment
CCé6 Our employees have no difficulty accepting new ideas
cC7 Our employees are willing to accept changes
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Table 4.3.1. 2. Absorptive Capacity - Large-Scale Reliability Analysis Results

Items Inidal CITC Final CITC Alpha if deleted Alpha Scote
Worker Knowledge (WK)
WK1 0.77 0.77 0.81
WK2 0.79 0.79 0.80 =0.87
WK3 0.66 0.66 0.86 )
WK4 0.68 0.68 0.85
Management Knowledge (MK)
MK1 0.70 0.70 0.77
MK2 0.67 0.67 0.79
ME3 0.64 0.64 0.81 =084
MEK4 0.67 0.67 0.79
Knowledge Scanning (KS)
KS1 0.55 0.55 0.78
Ks2 0.55 0.55 0.78
Ks3 0.55 0.55 0.78
Ks4 0.59 0.59 0.77 a=0.80
KS5 0.51 051 0.79
KS6 0.56 0.56 0.78
KS7 0.48 0.48 0.79
Communications Netwotk (CN)
CN1 0.61 0.69 0.83
CN2 0.67 0.73 0.82
CN3 0.64 0.69 0.84 a=0.86
CN4 0.63 0.70 0.83
CNs ] 0.63
) teme
Communications Climate (CC)
CC1 0.71 0.71 0.87
cc2 0.72 072 0.87
CcC3 0.65 0.65 0.87
CC4 0.67 0.67 0.87 a=0.89
CCs 0.70 0.70 0.87
CCé 0.66 0.66 0.87
CcC7 0.68 0.68 0.87
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Table 4.3.1. 3. Absorptive Capacity - Large-Scale Dimension-Level Factot Analysis

Items Factor Loadings
Wotker Knowledge (WK) KMO = 0.82
WK1 0.88
WK2 0.89
WK3 0.80
WK4 0.82
Management Knowledge (MK) KMO =0.79
MK1 0.84
MK2 0.82
MK3 0.80
MK4 0.82
Knowledge Scanning (KS) EMO =0.86
KS1 0.68
KS2 0.67
KS3 0.69
KS4 0.72
KS5 0.64
KS6 0.69
KS7 0.60
Communications Network (CN) EKMO =0.79
CN1 0.81
CN2 0.84
CN3 0.81
CN4 0.82
CN5s 0.76
Communications Climate (CC) KMO =0.88
cc 0.80
cc2 0.81
cc3 0.76
CcCc4 0.77
CCs 0.79
CCs 0.74
cCc? 0.76




Table 4.3.1. 4. Absorptive Capacity - Large-Scale
Construct-Level Factor Analysis Results (1)

Questionnaire
Items

Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy = 0.92

F1: CC

F2: KS

F3:CN

F4: WK

F5: MK

ccr

0.78

CCo

0.74

CC1

0.70

cc2

0.67

CC4

0.64

0.55

0.69

0.68

0.65

0.64

0.56

0.54

0.51

0.76

0.74

0.73

071

0.54

0.83

0.83

0.70

0.70

0.78

0.75

0.74

0.63
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Table 4.3.1. 5. Absorptive Capacity — Large-Scale
Construct-Level Factor Analysis Results (2)

Questionnaire
Items

Kaiser-Meyer-Olkin (KM3) Measure of Sampling Adequacy = 0.92

F1: CC

F2: KS

F3: CIN

F4: WK

F5: MK

cCc7

0.78

CCé6

0.73

cc1

0.71

cc2

0.68

CcC4

0.63

CC3

0.55

0.69

0.69

0.65

0.64

0.56

0.54

0.52

0.76

0.74

0.72

0.71

0.55

0.84

0.83

0.70

0.70

0.78

0.75

074

0.63

Eigen value

9.74

1.98

1.57

1.51

134

% of Varniance

Explained

374

7.6

6.0

5.8

52

Cumulative %
of Varance

374

45.0

51.0

56.8

62.0




82

Table 4.3.1. 6. Absorptive Capacity - Final Construct Measurement Items

Code Names Measurement Items
Communications Climate (CC)
ccr Qur employees are willing to zzcept changes
CCeé Our employees have no difficulty accepting new ideas
cc Our employees tend to trust each other
ccz Our employees are supportive of each other
cc4 Our employees share ideas freely with each other
CcC3 Our employees have strong feelings of belonging to our organization
Knowledge Scanning (KS)
KS6 We seek to learn from taking new business opportunities
Ks4 We seek to learn from trying out new technologies
Ks1 We seek to learn from tracking new market trends in our industry
KS3 We seek to learn from benchmarking best practices in our industry
KS5 We seek to learn from our customers and suppliers
KS2 We seek to learn from routine search of useful information
KS7 We seek to learn from conducting R&D activities
Communications Network (CN)
CN2 The communications among functional areas are extensive
CN3 The communications among functional areas are frequent
CN4 The communications between supervisors and their subordinates are frequent
CN1 The communications between supervisors and their subordinates are extensive
CN5 The communication of new ideas from one department to another is extensive
Worker Knowledge (WK)
WK2 The overall technical knowledge of our first-line workers is high
WK1 The general knowledge level of our first-line workers is high
WK4 The overall job competence of our first-line workers is high
WK3 The general educational level of our first-line workers is high
Management Knowledge (MK)
MK4 The knowledge of our managers is adequate when solving technical problems
MK3 The knowledge of our managers is adequate when managing daily operations
MK1 The knowledge of our managers is adequate when making business decisions
MEK2 The knowledge of our managers is adequate when dealing with new

technologies
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4.3.2. Information Systems Usage (ISU)

The Information Systems Usage (ISU) construct was initially represented by four
dimensions comprising 25 items in the large-scale survey, including Operational Decision
Support (ODS) (4 items), Strategic Planning Support (SPS) (5 items), External
[ntegration (EXI) (9 items), and Internal Integraton (INI) (7 items). The orginal 25
items and their corresponding code names are listed in Table 4.3.2.1.

Reliability Analysis. Initial reliability analysis for each of the four ISU
dimensions showed that the CITC scores for all items were above 0.50. However, the
“Alpha if deleted” score indicated that removing EXI1 would improve reliability of EXI
dimension. Thus item EXI1 was dropped at this stage. The resulting Alphas were 0.81
for ODS (4 items), 0.93 for SPS (5 items), 0.91 for EXT ( 8 items), and 0.86 for INI
(7 items). Table 4.3.2.2. presents the reliability analysis results.

Dimension-Level Exploratory Factor Analysis. To further ensure the
unidimensionality of each dimension in the Information Systems Usage construct,
dimension-level exploratory factor analysis was performed for each of the four
dimensions. The results are displayed in Table 4.3.2.3. A single factor emerged for the
ODS, SPS, and EXT dimensions with all factor loadings above 0.70.

Factor analysis of the INI dimension revealed two factors (Factor 1: INI1, INI2,
IINI3, INI6, INI7 and Factor 2: INI4, INIS). Referring to the contents of each item,
Factor 2 does not make too much theoretical sense. It was thus decided that items INI4
and INIS be removed. Dimension-level factor analysis was again performed on the
remaining items of INI dimension. One clear factor emerged with all factor loadings

above 0.70. The results are displayed in Table 4.3.2.4.
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Table 4.3.2. 1. Information Systems Usage - Large-Scale Study Items

Code

Names Questionnaire {tems
Operational Decision Support (ODS)
ODs1 help justifying daily operational decisions
ODS2 |We Use | help improving the efficiency of daily operational dedision processes
ODS3 |ISto... [help analyzing why problems occur in daily operations
ODS4 help monitoring the daily operational dedision processes
Strategic Planning Support (SPS)
SPS1 help improving the effectiveness of long-term strategic planning processes
SPS2 help formulating long-term business plans
SPS3 | rv: > |Belp justfying long:tem business plans
SPS4 help creating new ways of doing business
SPS5 help generating long-term strategic advantage
External Integration (EXT)
EXI1 exchange information with government agencies
EXI12 collect information about best practices in our industry
EXI3 exchange informaton with research institutions
EX14 collect information about customer requirements
EXI5 ge;fse keep suppliers involved in our product design and production processes
EXT6 exchange information with customers
EX17 keep suppliers informed of our specific requirements
EXI8 collect information about new technologies in our industry
EX19 collect information about competitor products
Internal Integradon (INT)
INI1 facilitate information distribution throughout the organizaton
INI2 facilitate information sharing-among employees
INI3 facilitate information sharing between different management levels
INI4 ?SVP;ET facilitate information feedback on employee work performance
INIS facilitate reporting of employee work progress
INI6 facilitate information sharing among different departments
INI7 facilitate cross-functional cooperation within the organization
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Table 4.3.2. 2. Information Systems Usage - Large-Scale Reliability Analysis Results

Items Initial CITC Final CITC Alpha if deleted Alpha Score
Operational Decision Support (ODS)

ODS1 0.62 0.62 0.77

ODSs2 0.71 0.71 0.73

ODSs3 0.60 0.60 0.78 =081
oDs4 0.60 0.60 0.77

Strategic Planning Support (SPS)

SPS1 0.84 0.84 0.92

SPS2 0.82 0.82 0.92

SPS3 0.85 0.85 091 «=0.93
SPs4 0.77 0.77 0.93

SPS5 0.84 0.84 0.92

External Integration (EXT)

EXI2 0.73 0.71 0.90

EXT3 0.75 0.71 0.90

EXI4 0.67 0.67 091

EXIT5 0.75 0.76 0.90 «=0.91
EXI6 0.66 0.67 091

EX17 0.69 0.72 0.90

EXI8 0.76 0.77 0.90

EXI9 0.73 0.74 0.90

INI1 0.62 0.62 0.84

INI2 0.69 0.69 0.83

INI3 0.65 0.65 0.84

INI4 0.54 0.54 0.85 o= 0.86
INI5 0.56 0.56 0.85

INI6 0.73 0.73 0.82

INI7 0.63 0.63 0.84
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Table 4.3.2. 3. Information Systems Usage - Large-Scale

Dimension-Level Factor Analysis Results (1)

Items Factor Loadings
Operational Decision Support (ODS) KMOC =0.75
ODs1 0.80
ODS2 0.85
ODS3 0.77
ODS4 0.77
Strategic Planning Support (SPS) EKMO = 0.89
SPS1 0.89
SPS2 0.89
SPS3 091
SPs4 0.85
SPS5 0.90
External Integration (EXI) KMO =0.90
EXI2 0.77
EXT3 0.76
EXI8 0.75
EX19 0.81
EXI4 0.74
EXI5 0.77
EXI6 0.83
EXI7 0.79
Internal Integration (INI) EKMO =0.84
INI1 0.75
INI2 0.83
INI3 0.84
INI6 0.75
INI7 0.62
INI4 0.85
INI5 0.86
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Table 4.3.2. 4. Information Systems Usage - Latge-Scale
Dimension-Level Factor Analysis Results (2)

Items Factor Loadings
Internal Integration (INI) KMO =0.83

INIL 0.76

INI2 0.84

INI3 0.82

INI6 0.84

INI7 0.74

Construct-Level Exploratory Factor Analysis. In this step, all the remaining
22 ISU items were submitted to construct-level exploratory factor analysis to check for
discriminaat validity of the measurement instrument. The results were presented in Table
4.3.2.5. Four factors emerged from the factor analysis with all factor loadings above 0.50
and most above 0.60. Serous cross-loading occurred on item INI7. Hence item INI7
was dropped.

The remaining 21 items were again put into construct-level exploratory factor
analysis. This dme four clear factors emerged with all items loaded correctly on the
expected dimensions. Most factor loadings were above 0.60. No cross-loading was
observed. The KMO measure of 0.93 indicated outstanding sampling adequacy. The final

construct-level factor analysis results are shown in Table 4.3.2.6.
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Table 4.3.2. 5. Information Systems Usage - Large-Scale
Construct-Level Factor Analysis Results (1)

Questionnaire Kaigser-Meyer-Olkin (RMO) Measure of Sarapling Adequacy = 0.93

Items F1: EXI F2: SPS F3: INI F4: ODS

EXI3 0.78

EXT9 0.75

EXI5 0.75

EXI12 071

EXI3 0.71

EX¥7 0.71

EXI4 0.69

EXI6 0.68

SPS3 0.86

SPS2 0.83

SPS1 0.82

SPS5 0.80

SPS4 0.71

o

INI3 0.83

INI2 0.81

INI6 0.71

INI1 0.66

ODSs1 0.85

0ODS2 0.81

ODS3 0.57

ODS4 0.53
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Table 4.3.2. 6. Information Systems Usage - Large-Scale
Construct-Level Factor Analysis Results (2)

Questionnaire Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy = 0.93
Items F1: EXI F2: SPS F3: INI F4: ODS
EXI8 0.78
EXI19 0.75
EXI5 0.75
EXI2 0.72
EXI3 0.71
EX17 0.71
EXT14 0.69
EXI6 0.68
SPS3 0.86
SPS2 0.84
SPS1 0.82
SPS5 0.79
SPS4 0.70
INI3 0.84
INI2 0.81
INI6 0.69
INIL 0.67
ODSs1 0.85
ODS2 0.82
ODS3 0.56
ODS4 0.52

Eigen value 9.18 218 1.84 113

%lj:’f:m“ 437 104 8.8 5.4

Cumulative % 437 54.1 629 683

of Vadance




Due to further item purification after the inital reliability analysis, a final
reliability analysis was done for the INI dimension to make sure that the final CITC
scores and Alphas meet the suggested criteria. The results are presented in Table 4.3.2.7.

All CITC scores were greater than 0.80, and the final Alphas was 0.85.
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Table 4.3.2. 7. Information Systems Usage - Final Reliability Analysis Results

Items CITC Alpha if deleted Alpha Score
Internal Integration (INT)

INI1 0.64 0.83

INI2 0.73 0.80 %= 0.85

INI3 0.74 0.79

INTIé 0.68 0.82

The final set of measurement items for the Information Systems Usage construct

organized by factor loadings are shown in Table 4.3.2.8.
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Table 4.3.2. 8. Information Systems Usage - Final Construct Measurement Items

lgaizzd:s Questionnaire Items
Factor I: External Integration (EXT)
EXI8 collect information about new technologies in our industry
EXT9 collect information about competitor products
EXI5 keep suppliess involved in our product design and production processes

EXI2 | We Use | collect information about best practices in our industry

EXI3 | IS to... {exchange information with research institutions

EX17 keep suppliers informed of our specific requirements
EX14 collect information about customer requirements
EXT6 exchange information with customers

Factor 2: Strategic Planning Support (SPS)
SPS3 help justifying long-term business plaas
SPS2 help formulating long-term business plans
SPST | 1o [belp improving the effcctivencss of long.termm strategic planAiog processes
SPS5 help generating long-term strategic advantage
SPSs4 help creating new ways of doing business

Factor 3: Internal Integration (INI)

INI3 faclitate information sharing between different management levels

INI2 | We Use | fadilitate information sharing among employees

INI6 | ISto... | facilitate information sharing among different departments

INI1 faclitate information distribution throughout the organization

Factor 4: Operational Decision Support (ODS)

OoDs1 help justifying daily operational decisions

ODS2 | We Use | help improving the efficiency of daily operational decision processes

ODS3 | IS to--- [help analyzing why problems occur in daily operations

ODs$4 help monitoring the daily operational decision processes
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4.3.3. Advanced Manufacturing Technology Usage (AMTU)

The Advanced Manufacturing Technology Usage (AMTU) construct was initially
represented by two dimensions comprising 14 items in the large-scale survey, including
Manufacturing Equipment and Process technology usage (MEP) (7 items), and
Manufacturing Planning and Control technology usage (MPC) (7 items). The original 14

items and their corresponding code names are listed in Table 4.3.3.1.

Table 4.3.3. 1. Advanced Manufacturing Technology Usage

- Large-Scale Study Items
Code Names Questionnaire Items
Manufacturing Equipment and Process Technologies (MEP)

MEP1 Automatic numerically controlled machines

MEP2 Automated inspection and testing equipment

MEP3 Automated storing and retrieving systems

MEP4 Automated conveyors that deliver parts to work centers

MEP5 Automated guided vehicles that deliver parts and tools

MEP6 Automatic industrial robots

MEP?7 Automated flexible manufacturing systems

Manufacturing Planning and Control Technologies (MPC)

MPC1 Computer-aided technology that monitors the production process and
provides feedback

MPC2 Computer-aided technology that determines routings between machines

MPC3 Cotnputebaii:led technology that fac_il-itatts production by classifying parts
into families according to similarities

MPC4 Computer-aided technology that plans machining operations

MPCS Computer-aided technology that plans and controls shop floor material
requirements

MPCé Computer-aided technology that automates parts and tools design processes

MPC7 Computer-aided technology that provides rapid prototyping in product

desipgn process

Reliability Analysis. Initial reliability analysis was done for each of the two
dimensions of the AMTU construct. Examination of CITC scores along with checking

for the contents and importance of each item in the MEP dimension resulted in the



93

elimination of three MEP items (MEP3, MEP4, and MEPS5). The CITC scotes for the
remaining MEP items were all above 0.50 except for MEPG (CITC = 0.42). Considering
the importance of MEPG (industdal Robots) to the entire construct, it was thus retained.
Two MPC items (MPC6, MPC7) were dropped due to their relatively low CITC scores.
The CITC scores for all remaining MPC items were above 0.50. The final Alphas were
0.71 for the MEP dimension (4 items) and 0.80 for the MPC dimension (5 items), all
above the minimum recommended value of 0.70. Table 4.3.3.2. presents the item

purification results.

Table 4.3.3. 2. Advanced Manufacturing Technology Usage - Large-Scale

Reliability Analysis Results
Items I Initial CITC ] Final CITC J Alpha if deleted I Alpha Score
Manufacturing Equipment and Process Technologies (MEP)
MEP1 043 0.50 0.65
MEP2 0.56 0.56 0.61
a=0.71
MEP6 0.35 042 0.69
MEP7 0.65 0.52 0.64

Manufactusing Control Technologies (MPC)
MPC1 0.52 0.50 0.78
MPC2 0.58 0.67 0.73
MPC3 0.57 0.60 0.75 o =10.80
MPC4 0.70 0.57 0.76
MPC5 0.54 0.55 0.77

Dimension-Level Exploratory Factor Analysis. To further ensure the

unidimensionality and convergent validity of each dimension in the Advanced

Manufacturing Technology Usage construct, dimension-level factor analysis was
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conducted for each of the two dimensions. A clear single factor emerged for both MEP
and MPC dimensions with all factor loadings over 0.60. The factor analysis results are

displayed in Table 4.3.3.3.

Table 4.3.3. 3. Advanced Manufacturing Technology Usage - Large-Scale
Dimension-Level Factor Analysis Results

Items Factor Loadings
Manufacturing Equipment and Process Technologies (MEP) KMO = 0.68
MEP1 0.72
MEP2 0.76
MEPé6 0.63
MEP7 0.71
Manufacturing Planning and Control Technologies (MPC) KMO = 0.80
MPC1 0.65
MPC2 0.81
MPC3 0.75
MPC4 0.72
MPC5 0.70

Construct-Level Exploratory Factor Analysis. All the remaining AMTU
items were then submitted to construct-level exploratory factor analysis to check for
disciminant validity of the measurement instrument. Two clear factors emerged with all
factor loadings close to or above 0.60. No cross-loadings were observed. Thus no items
were dropped in this step. The KMO score of 0.82 indicated very good sampling
adequacy. The final construct-level factor analysis results are shown in Table 4.3.3.4. The
final set of measurement items for the Absorptive Capacity construct organized by factor

loadings are shown in Table 4.3.3.5.
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Table 4.3.3. 4. Advanced Manufacturing Technology Usage - Large-Scale

Construct-Level Factor Analysis Results

Questionnaire Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy = 0.82
Items F1: MPC F2: MEP
MPC3 0.78
MPC2 0.78
MPCS 0.70
MPC4 0.65
MPC1L 0.59
MEP2 0.75
MEP6 0.69
MEP1 0.64
MEP7 0.64

Eigen value 3.43 1.31

%E"fpm“ 38.1 145

C:?& ‘ZZ/" 38.4 52.6

Table 4.3.3. 5. Advanced Manufacturing Technology Usage - Final Construct

Measurement Items

Code Names

Questionnaire Items

Factor 1: Manufacturing Planning and Control Technologies (MPC)

Computer-aided technology that facilitates production by classifying parts

MPC3 N N =
into families according to similadties
MPC2 Computer-aided technology that determines routings between machines
MPC5 Computer-aided technology that plans and controls shop floor materal
requirements
MPC4 Computer-aided technology that plans machining operations
MPC1 Computer-aided technology that monitors the production process and

provides feedback

Factor 2: Manufacturing Equipment and Process Technologies (MEP)

MEP2 Automated inspection and testing equipment
MEP6 Automatic industrial robots

MEP1 Automatc numerically controlled machines
MEP7

Automated flexible manufacturing systems
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4.3.4. Time-Based Manufacturing Practices (TBMP)

The measurement instrument for Time-Based Manufacturing Practices (TBMP)
was directly adopted fom Koufteros et al. (1998). The current study revalidated the
instrument through reliability analysis and factor analysis using a different data set. The
TBMP construct was otiginally represented by seven dimensions and 25 items, including
Reengineering Setup (RS) (4 items), Pull Production (PP) (4 items), Cellular
Manufacturing (CM) (4 items), Preventive Maintenance (PR) (3 items), Quality
Assurance (QA) (3 items), Dependable Suppliers (DS) (4 items), and Employee
Involvement (EI) (3 items). The 25 items and their corresponding code names are listed
in Table 4.3.4.1.

Reliability Analysis. Reliability analysis for each of the seven TBMP dimensions
indicated that CITC scores for all 25 items were greater than 0.50. Thus no items were
dropped at this stage. The Cronbach’s Alphas were 0.84 for RS (4 items), 0.85 for PP (4
items), 0.79 for CM (4 items), 0.88 for PR (3 items), 0.81 for QA (3 items), 0.83 for DS
(4 items), and 0.76 for EI (3 items). Table 4.3.4.2. presents the reliability analysis results.

Dimension-Level Exploratory Factor Analysis. To further check the
unidimensionality and convergent validity of the TBMP instrument, dimension-level
factor analysis was run for each of the seven dimensions. A single factor emerged for all
seven dimensions with all factor loadings greater than 0.70. The Kaiser-Meyer-Olkin
(KMO) measure of sampling adequacy were all close to or above 0.70, indicadng good

sampling adequacy. The factor analysis results are displayed in Table 4.3.4.3.
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Table 4.3.4. 1. Time-Based Manufacturing Practices - Large-Scale Study Items

Code Names Questionnaire Items
Reengineering Setup (RS)

RSt We use special tools to shorten setup time

RS2 Our employees are trained to reduce setup time

RS3 Employees work on setup improvement

RS4 We redesign or reconfigure equipment to shorten setup time

Pull Production (PP)

PP1 Production at stations is “pulled” by the current demand of the next stations

PP2 Production is “pulled” by the shipment of finished goods

PP3 We use a “pull” production system

PP4 Production is “pulled” by an open kanban / bin position
Cellular Manufacturing (CM)

CM1 Products are classified into groups with similar routing requirements

CM2 Products ate classified into groups with similar processing requirements

CM3 Equipment is grouped to produce families of products

CM4 Families of products determine our factory layout

Preventive Maintenance (PR)
PR1 We maintain our equipmeant regularcly
PR2 We emphasize good preventive maintenance
PR3 Records of routine maintenance are kept
Quality Assurance (QA)

QA1 We use fishbone type diagrams to identify causes of quality problems
QA2 Our employees use quality control charts
QA3 We conduct process capability studies

Dependable Suppliers (DS)
Ds1 We receive parts from suppliers on time
DSs2 We teceive the correct number of parts from suppliers
DS3 We receive high quality parts from suppliers
Ds4 We receive the correct type of parts from suppliers

Employee Involvement (EI)
Enl Shop-floor employees are involved in improvement efforts
E2 Shop-floor employees are involved in problem solving teams

EI3 Shop-floor employees are involved in suggestion programs
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Table 4.3.4. 2. Time-Based Manufacturing Practices - Large-Scale

Reliability Analysis Results
Items CITC Alpha if deleted Alpha Score
Reengineering Setup (RS)
RS1 0.62 0.83
RS2 0.73 0.78 a=0.84
RS3 0.71 0.79
RS4 0.67 0.81
Pull Production (PP)
PP1 0.71 0.79
PP2 0.61 0.83 =0.85
PP3 0.79 0.76
PP4 0.63 0.83
Cellulac Manufacturing (CM)
CM1 0.61 0.73
CcM2 0.67 0.71
a=0.79
CM3 0.58 0.74
CM4 0.55 0.76
Preventive Maintenance (PR)
PR1 0.75 0.83
PR2 0.81 0.78 a=0.88
PR3 0.73 0.85
Quality Assurance (QA)
QA1 0.57 0.83
QA2 0.70 0.69 a=0.81
QA3 0.71 0.68
Dependable Suppliers (DS)
Ds1 0.68 0.78
DSs2 X .
0.67 0.78 =0.83
DS3 0.60 0.81
DS4 0.70 0.77
Employee Involvement (EI)
Ell 0.63 0.68
El2 0.63 0.65 o= 0.76
EI3 0.57 0.73
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Table 4.3.4. 3. Time-Based Manufacturing Practices - Large-Scale

Dimension-Level Factor Analysis Results

Items Factor Loadings
Reengineering Setup (RS) KMO = 0.80
RS1 0.77
RS2 0.86
RS3 0.85
RS4 0.81
Pull Production (PP) KMO = 0.79
PP1 0.83
PP2 0.77
PP3 0.88
PP4 0.78
Cellular Manufacturing (CM) KMO = 0.69
CM1 0.82
CM2 0.85
CM3 0.73
CM4 0.73
Preventive Maintenance (PR) KMO =0.73
PR1 0.89
PR2 0.92
PR3 0.88
Quality Assurance (QA) KMO =0.68
QA1 0.78
QA2 0.88
QA3 0.88
Dependable Suppliers (DS) KMO = 0.77
DS1 0.83
DS2 0.82
DS3 0.78
Ds4 0.84
Employee Involvement (EI) KMO = 0.69
Enl 0.85
ER2 0.85
EI3 0.80
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Construct-Level Exploratory Factor Analysis. In this step, all the 25 TBMP
items were submitted to a construct-level exploratory factor analysis to check for
disciminant validity of the measurement instrument. Seven clear factors emerged from
the factor analysis with all items loaded correctly on the intended factor. All factor
loadings were above 0.60. KMO measure of 0.90 indicated very good sampling adequacy.
Therefore, there’s no need to revise the TBMP instrument. The original instrument was
valid and reliable. The final construct-level factor analysis results are shown in Table

4.3.4.4.



Table 4.3.4. 4. Time-Based Manufacturing Practices - Large-Scale
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Construct-Level Factor Analysis Results

Quesdonnaiie

Items

Kaiser-Meyer-Olkin (RMO) Measure of Sampling Adequacy = 0.90

F1: PP

F2: DS

F3: PR

F4: CM

F5:RS

Fé6: E1I

F7: QA

PP3

0.84

PP1

0.74

PP4

0.72

PP2

0.67

Ds4

0.82

DS2

0.80

DS1

0.78

DS3

0.69

PR2

0.83

PR3

0.80

PR1

0.80

CM2

0.81

CM1

0.80

CM3

0.62

CM4

0.62

RS1

0.84

RS2

0.71

RS3

0.68

RS4

0.62

Enl

0.78

EI2

0.75

EI3

0.68

QA2

0.76

QA3

0.76

QA1

0.66

Eigen value

877

202

1.96

1.42

1.26

1.36

1.07

% of Varance

Explained

35.1

1.8

57

4.5

43

Cumulative %
of Variance

35.1

432

56.7

61.7

662

705
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4.3.5. Modularity-Based Manufacturing Practices (MBMP)

The Modularity-Based Manufacturing Practices (MBMP) construct was initially
represented by four dimensions comptising 27 items: Product Modularity (PM) (7 items),
Process Modularity (PRM) (6 items), Dynamic Teaming (DT) (7 items), and Customer
Closeness (CUC) (7 items). The original 27 items and their corresponding code names
are listed in Table 4.3.5.1.

Reliability Analysis. Initial reliability analysis was performed for each of the
four dimensions of MBMP. Examination of CITC scores resulted in the elimination of
two Product Modularity (PM) items (PM4, PM7), one Process Modularity (PRM) item
(PRMG), two Dynamic Teaming (DT) items (DT4, DT7), and one Customer Closeness
(CUQ) item (CUC2). For items DT4 and CUC2, although their CITC scores were above
0.50, the “Alpha if deleted” score indicated that Alpha could be improved if they were
deleted. Thus DT4 and CUC2 were designated for removal. The CITC scores for the
remaining 21 items were all above 0.50. The final alphas were 0.83 for PM (5 items), 0.82
for PRM (5 items), 0.88 for DT ( 5 items), and 0.92 for CUC (6 items). Table 4.3.5.2.
preseats the reliability analysis results.

Dimension-Level Exploratory Factor Analysis. To further ensure the
unidimensionality of each dimension in the MBMP construct, dimension-level factor
analysis was performed for each of the four dimensions in MBMP. A single factor
emerged for all dimensions with all factor loadings over 0.60 and most above 0.70. The

factor analysis results are displayed in Table 4.3.5.3.
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Table 4.3.5. 1. Modularity-Based Manufacturing Practices — Large-Scale Study Items

Code Names Questionnaire Items
Product Moduiarity (PM)
PM1 'Our products use modularized design
PM2 Our products share common modules
PM3 Our product features are designed around a standard base unit
PM4 Our products can be customized by adding feature modules as requested
PM5 Product modules can be reassembled into different forms
PMe6 Product feature modules can be added to a standard base unit
PM7 Product modules can be rearranged by end-users to suit their needs
Process Modularity (PRM)
PRM1 Our production process is designed as adjustable modules
PRM2 Our production process can be adjusted by adding new process modules
PRM3 Production process modules can be adjusted for changing production needs
Our production process can be broken down into standard sub-processes that
PRM4 produce standard base units and customization sub-processes that further
customize the base units
PRMS Production process modules can be re-arranged so that customization sub-
processes occur last
PRMS6 Production process modules can be re;:-atrang»ed so that customization sub-
processes be carried out later at distribution centers
Dynamic Teaming (DT)
DT1 Production teams that can be re-organized are used in our plant
DT2 15;::;;::1'0:1 teams can be re-organized in response to product / process
DT3 Production teams can be re-assigned to different production tasks
DT4 Production teams are not permanently linked to a certain production task
DT5 Production team members can be re-assigned to different teams
DT6 Production team members are capable of working on different teams
DT7 Production teams have no difficulty accessing necessary resources
Customer Closeness (CUC)
cuc1 We keep close contact with customers
cucC2 We keep close contact with customers through all functional departments
cucs We monitor changes in customer needs through close contacts
cuc4 We try to understand customers’ exact needs through close contacts
CUCs We help customers clarify their needs through close contacts
CUCeé We involve customers in the customization processes through close contacts
cucr We have a well designed system to ensure close contact with customers
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Table 4.3.5. 2. Modularity-Based Manufacturing Practices — Large-Scale

ess ( —

Reliability Analysis Results
Items Inital CITC Final CITC Alpha if deleted Alpha Score
Product Modularity (PM)

PM1 0.59 0.64 0.79

PM2 0.67 0.70 0.77

PM3 0.53 0.56 0.81 a=0.83
PM5 0.59 0.53 0.82

PM6 0.75 .71 077 |

tion
04
Process Modularity (PRM)

PRM1 057 0.58 0.79
PRM2 0.67 0.70 0.76
PRM3 0.63 0.66 0.77 a=0.82
PRM4 0.58 0.56 0.80
PRMS5 0.63 0.56 0.80

DT1 0.66 0.66 0.87

DT2 0.75 0.74 0.85

DT3 0.77 0.78 0.84 a=0.88

DT5 071 0.74 0.85

DT6 0.69 0.87

a=0.92

Customer Closen
cuc 0.68 0.67 0.91
cuc 0.79 0.79 0.90
CuC4 0.83 0.84 0.89
CuGCs 0.71 0.72 091
CuUCeé 0.79 0.81 0.90
cucy 0.79 0.78 0.90
[cu 0 ltemydroppediafterpurificatic
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Table 4.3.5. 3. Modularity-Based Manufacturing Practices — Large-Scale
Dimension-Level Factor Analysis Resuits

Iterns Factor Loadings
Product Modularity (PM) EMO =0.75

PM1 0.79
PM2 0.83
PM3 0.70
PM5 0.68
PM6 0.80

Process Modularity (PRM) KMO =0.75
PRM1 0.75
PRM2 0.84
PRM3 0.81
PRM4 0.70
PRMS5 0.69

Dynamic Teaming (DT) KMO =0.83

DT1 0.77
DT2 0.81
DT3 0.87
DT5 0.84
DTé6 0.80

Customer Closeness (CUC) EKMO =091
cuci 0.77
cucs 0.86
cucs 0.87
CUCs 0.80
CUCe 0.87
cuc? 0.85

Construct-Level Exploratory Factor Analysis. All the resulting 21 MBMP
item were then submitted together to a construct-level factor analysis. Four dear factors
emerged from the factor analysis and all factor loadings were above 0.60. No cross-
loading was observed, thus there’s no need for further item revision. The KMO score of

0.87 indicated very good sampling adequacy. The final construct-level factor analysis
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results ate shown in Table 4.3.5.4. The final set of measurement items for the

Modularity-Based Manufacturing Practices construct organized by factor loadings are

shown in Table 4.3.5.5.

Table 4.3.5. 4. Modularity-Based Manufacturing Practices — Large-Scale
Construct-Level Factor Analysis Results

Questionnaire
Items

Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy = 0.87

F1: CUC

F2: DT

F3: PM

F4: PRM

cuc4

0.85

CUCs

0.84

cucs

0.83

0.82

0.77

0.77

0.86

0.81

0.81

0.70

0.68

0.81

0.79

PM6

0.76

PM3

0.71

PM5

0.62

PRM2

0.78

PRM3

0.74

PRMS5

0.67

PRM4

0.66

PRM1

0.66

Eigen value

6.80

3.15

219

1.47

% of Variance
Explained

324

15.0

104

1.0

Cumulative %
of Variance

324

474

57.8

64.8
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Table 4.3.5. 5. Modularity-Based Manufacturing Practices — Final Construct

Measutement Items
Code Names Questionnaire Items
Factor 1: Custemer Closeness (CUC)
cuc4 We try to understand customers’ exact needs through close contacts
CUCe We involve customers in the customization processes through close contacts
cuc3 We monitor changes in customer needs through close contacts
cuc? We have a well designed system to ensure close contact with customers
Cuc1 We keep close contact with customers
CucCs We belp customers clarify their needs through close contacts
Factor 2: Dynamic Teaming (DT)
DT5 Production team members can be re-assigned to different teams
DT3 Production teams can be re-assigned to different production tasks
DTe Production team members are capable of working on different teams
DT2 Production teams can be re-organized in response to product / process changes
DT1 Production teams that can be re-organized are used in our plant
Factor 3: Product Modularity (PM)
PM2 Our products share common modules
PM1 Our products use modularized design
PMé6 Product feature modules can be added to a standard base unit
PM3 Our product features are designed around a standard base unit
PM5 Product modules can be reassembled into different forms
Factor 4: Process Modularity (PRM)
PRM2 Our production process can be adjusted by adding new process modules
PRM3 Production process modules can be adjusted for changing production needs
PRMS5 Production process modules can be re-arranged so that customization sub-
processes occur last
Our production process can be broken down into standard sub-processes that
PRM4 produce standard base units and customization sub-processes that further
customize the base units
PRM1 Our production process is designed as adjustable modules
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4.3.6. Mass Customization Capability (MCC)

In the large-scale study, the Mass Customization Capability (MCC) construct was
initially represented by one dimension compuising 9 items. The original 9 items and their
corresponding code names are listed in Table 4.3.6.1.

Reliability Analysis. SPSS reliability analysis showed that the CITC scores for
all 9 items in MCC dimension are above 0.50. The final Alpha was 0.89. Table 4.3.6.2
presents the reliability analysis results.

Exploratory Factor Analysis. To further check for the unidimensionality and
convergent validity of Mass Customization Capability instrument, an exploratory factor
analysis was performed on the 9 items. A clear single factor emerged with all factor
loadings above 0.60. The KMO score of 0.87 indicated very good sampling adequacy.

The factor analysis results are displayed in Table 4.3.6.3.

Table 4.3.6. 1. Mass Customization Capability - Large-Scale Study Items

Code Names Questionnaire Items
MCC1 Our capability of customizing products at low cost is high
MCC2 Our capability of customizing products on a large scale is high
Our capability of translating customer requirements into technical designs
MCC3 S
quickly is high
MCC4 Our capability of adding product variety without increasing cost is high
Our capability of customizing products while maintaining a large volume is
MCC5 high
MCC6 Our capability of setting up for 2 different product at low cost is high
MCC? Our capability of responding to customization requirements quickly is high
Our capability of adding product variety without sacrificing overall
MCC8 - A
production volume is high
MCC9 Our capability of changeover to a different product quickly is high
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Table 4.3.6. 2. Mass Customization Capability - Large-Scale

Reliability Analysis Results

Items CITC Alpha if deleted Alpha Score
MCC1 0.69 0.87

MCC2 0.71 0.87

MCC3 0.53 0.88

MCC4 0.64 0.87

MCCs 0.65 0.87 «=0.89
MCCé6 0.59 0.88

MCC7 0.66 0.87

MCCS8 0.67 0.87

MCC9 0.59 0.88

Table 4.3.6. 3. Mass Customization Capability - Large-Scale Factor Analysis Results

lTtems Factor Loadings
Mass Customization Capability (MCC) KMO = 0.87
MCC2 0.78
MCC8 0.76
MCC1 0.75
MCC7 0.74
MCCs 0.73
MCC4 0.71
MCCs 0.68
MCC9 0.66
MCC3 0.62

4.3.7. Value to Customer Performance (VCP)

The inital items (VCP5, VCP6, VCP7 and VCP8) of VCP construct were
adopted from Tracey (1996), and some more items (VCP1, VCP2, VCP3 and VCP4)
were added based on the customer satisfaction literature. The VCP instrument in the
large-scale study contained one dimension comprising 8 items. The original 8 items and

their corresponding code names are listed in Table 4.3.7.1.
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Table 4.3.7. 1. Value to Customer Performance - Large-Scale Study Items

Code Names Questionnaire Iterns
VCP1 Our customers are satisfied with our ability to customize products
VCP2 Our customers are satisfied with the variety of our products
VCP3 ar customers are satisfied with the quality of our products
VCP4 Our customers are satisfied with the features that our products provide
VCP5 Our customers are loyal to our products
VCPé6 Our customers refer new customers to purchase our products
VCP7 Our customers feel that we offer products with high value
VCP8 Our customers perceive that they receive their money’s worth when they
purchase our products

Reliability Analysis. Initial reliability analysis was performed on the 8 VCP
items. Items VCP1 and VCP2 were dropped due to theic CITC scores of below 0.50.
The CITC scores of all remaining items were greater than 0.50 except for VCP4 (CITC
= 0.49). Coasidering the importance of this item, it was retained. The final Alpha was

0.84. Table 4.3.7.2 presents the reliability analysis results.

Table 4.3.7. 2. Value to Customer Perfformance — Large-Scale

Reliability Analysis Results

Items Initial CITC | Final CITC | Alpha ifdeleted Alpha Score
VCP3 0.57 0.57 0.82

VCP4 0.54 0.49 0.84

VCP5

0.62 0.68 0.80 a=0.84

VCPs 0.64 0.66 0.81

VCP7 0.67 0.72 0.80

VCP8 0.63 0.62 0.81

gt

Exploratory Factor Analysis. To further check for the unidimensionality and
convergent validity of Value to Customer Performance mnstrument, an exploratory factor

analysis was performed on the remaining 6 VCP items. A clear single factor emerged
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with all factor loadings above 0.60. The KMO score of 0.82 indicated very good
sampling adequacy. The factor analysis results are displayed in Table 4.3.7.3. The final set

of measurement items for VCP organized by factor loadings are presented in Table

4.3.7.4.
Table 4.3.7. 3. Value to Customer Performance — Large-Scale
Factor Analysis Results
Items Factor Loadings
Value to Customer Petformance (VCP) KMO = 0.82

VCP7 0.81

VCP8 0.77

VCP5 0.77

VCP6 0.73

VCP3 0.70

VCP4 0.65

Table 4.3.7. 4. Value to Customer Performance — Final
Construct Measurement Items
Code Names Questionnaire Items
VCP7 Our customers feel that we offer products with high value
VCPS8 Our customers percetve that they receive their money’s worth when they
purchase our products

VCP5 Our customers are loyal to our products
VCP6 Our customers refer new customers to purchase our products
VCP3 Our customers are satisfied with the quality of our products
VCP4 Our customers are satisfied with the features that our products provide
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4.3.8. Summary of Large-Scale Analysis Results

Table 4.3.8.1 presents a summary of the large-scale instrument validation results.
For each construct dimension, the number of final measurement items, Cronbach’s
Alpha score, and Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy are
displayed. It can be seen from the table that the final Alpha scores for all construct
dimensions are greater than the minimum required value of 0.70, and most of the Alphas
are over 0.80. The dimeansion-level KMO scores range from 0.68 to 0.91, indicating
average to outstanding sampling adequacy. The construct-level KMO measures are all
above 0.80, indicating excellent sampling adequacy. Overall, the final measurement
instrument for all seven constructs in the current study were found to be valid and

reliability.
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Table 4.3.8. 1. Summary of Large-Scale Analysis Results

Construct-Level

Dimension-Level Analysis Results

Analysis Results Dimension Name # of Items | Alpha(cj | KMO
Communications Climate (CC) 6 0.89 0.88
Absorptive -
Capacity Knowledge Scanning (KS) 7 0.80 0.86
(AC) Communications Network (CN) 5 0.86 0.79
26 items
2
KMO = 0.92 Worker Knowledge (WK) 4 0.87 0.82
Management Knowledge (MK) 4 0.84 0.79
Information External Integratfon (E)q) 8 091 0.90
Systemsst})lsage Strategic Planning Support (SPS) 5 093 0.89
Zgitems [nternal Integration (INI) 4 0.85 0.83
KMO =093 Operational Decision Support (ODS) 4 0.81 0.75
Advanced - .
d
Manufacturing m‘ﬁg‘m‘ﬁg‘mg and Control 5 0.80 0.80
Technology &y
U AMTTU)
sag;it(ems Manufacturing Process and Equipment 4 07 6
= Technology (MEP) 71 0.68
KMO =0.82 ¢ &Y
Pull Productions (PP) 4 0.85 0.79
Dependable Suppliers (DS) 4 0.83 0.77
Time-Based N
Manuf; . Cellular Manufacturing (CM) 4 0.79 0.69
Practices Preventive Maintenance (PR) 3 0.88 0.73
(TBMP) .
25 items Reengineering Setup (RS) 4 0.84 0.80
KMO =0.90 Employee Involvement (EI) 3 0.76 069
Quality Assurance (QA) 3 0.81 0.68
I’
Modulasity-Based Customer Closeness (CUC) 6 0.92 0.91
Manufacturing | Dynamic Teaming (DT) 5 0.88 0.83
Practices
(MBMP) Product Modularity (PM) 5 0.83 0.75
21 items
KMO =087 | process Modularity (PRM) 5 0.82 0.75
Mass
Customization | Mass Customization Capability (MCC) 9 0.89 0.87
Capability
Value to
Customer Value to Castomer Performance (VCP) 6 0.84 0.82

Performance




4.4. Construct-Level Correlation Analysis
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To check for the preliminary statistical validity of the 10 hypotheses presented in

Chapter 2, the Pearson correlation coefficients of the 10 hypothesized relationships were

calculated using a composite score for each construct. The composite score was

computed by taking the average score of all items in a specific construct. The results are

presented in Table 4.4.1. As can be seen from the table, all correlations are significant at

the 0.01 level. Thus all hypothesized relationships of interest are statistically supported by

the Pearson correlation. Further hypotheses testing using LISREL structural equation

causal modeling will be discussed in the next chapter.

Table 4.4. 1. Construct-Level Correlation Analysis Results

. . . Pearson
Hypothesis Independent Variable Dependent Variable Correlation
H1 | Absorptive Capadity (AC) I“(IS%“‘“““ Systems Usage 0.549%
. . Advanced Manufacturing:
H2 Absorptive Capacity (AC) Technology Usage (AMTU) 0.461+*
. . Time-Based Manufacturing
H3 Absorptive Capacity (AC) Practices (TBMP) 0.669**
. . Modularity-Based Manufacturing _
H4 Absorptive Capacity (AC) Pmdm‘émm) 0.486%*
HS Information Systems Usage (ISU) N@f;(s:sc()justo tion Capability 0.211*=*
H6 Advanced Manufacturing: Mass Customization Capability 0.156%*
Techonology Usage (AMTU) MCQO) )
H7 Time-Based Manufacturng Mass Customization Capability 0.486%*
Practices (TBMP) MCQO )
HS Modulanty-Based Manufacturing | Mass Customization Capability 0.345%*
Practices (MBMP) MCO
H9 Mass Customization Capability Value to Customer Performance 0.352%*
MCO (VCP)
H10 Absorptive Capacity (AC) Value to Customer Performance 0485

(VCP)

** Correlation is significant at the 0.01 level




CHAPTER 5: STRUCTURAL EQUATION MODELING AND
HYPOTHESES TESTING

Although the bivariate correlations are statistically significant for all hypothesized
relationships, it may not be true when all the relatonships are put together in a
multivadate complex model due to the interactions among vadables. The hypotheses can
be tested in a2 much more rgorous manner using path analysis within the LISREL
(Joreskog and Sotbom, 1989) structural equation modeling (SEM) framework.

A major methodological breakthrough in the study of complex interrelations
among variables has been the development and application of SEM (Joreskog, 1977).
SEM is widely recognized as a powerful methodology for capturing and explicating
complex multivadate relations in social science data. It represents the unification of two
methodological traditions: factor analysis originating from psychology and
psychometrics, and simultaneous equations (path analytic) modeling originating from
econometrics (Kaplan and Elliot, 1997). Therefore, the standard SEM is composed of
two parts — the measurement model ( a sub-model in SEM that specifies the indicators of
each construct and assess the reliability of each construct for later use in estimating the
causal relationships) and the structural model (The set of dependence relatonships linking
the model constructs). Since the measurement properties of each instrument in the
current study have already been evaluated through comprehensive reliability analysis and
factor analysis, the SEM model described in this chapter will focus on path analysis using

the LISREL sructural model. The significance of each path in the proposed structural

115
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model will be tested and the overall goodness-of-fit of the eatire structural equation
model will be assessed as well.

The general structural model can be expressed as follows:
n=Bn+T§+¢
Where, 1 is an m x 1 random vector of latent dependent or endogenous variables.
€ is an 0 x 1 random vector of latent independent, ot exogenous vadables.
Bisan m x m matrix of coefficients of the M-varables in the structural model.
["isan n x n matrix of coefficients of the £-variables in the structural model.

€isan m x 1 vector of random esrors in the structural relationships.

5.1. The Proposed Structural Model
The proposed structural model depicted in Figure 5.1. is a replication of the

theoretical framework presented in Figure 2.1 using the mathematical expression
presented above. There are seven variables in the model: Absorptive Capacity (AC) - &;,
Information Systems Usage (ISU) - 11, Advanced Manufacturing Technology Usage
(AMTU) - m2, Time-Based Manufacturing Practices (TBMP) - 13, Modularity-Based
Manufacturing Practices (MBMP) - 14, Mass Customization Capability (MCC) - 15, and
Value to Customer Performance (VCP) - 1js. AC is regarded as independent (exogenous)
E-varable, and all others are dependent (endogenous) n-variables.

The 10 hypotheses proposed in Chapter 2 are represented by the 10 causal

relationships in the model. Hypothesis 1 is represented in Figure 5.1 by the relationship

Y11 (AC — ISU); Hypothesis 2 is represented by the relationship Y2 (AC - AMTU);
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Hypothesis 3 is represented by the relationship ysi (AC — TBMP); Hypothesis 4 is
represented by the relationship ys (AC — MBMP); Hypothesis 5 is represenied by the
relationship Bsi ISU — MCC); Hypothesis 6 is represented by the relationship Bs
(AMTU — MCC); Hypothesis 7 is represented by the relationship Bss (TBMP — MCC);
Hypothesis 8 is represented by the relationship Pss (MBMP — MCC); Hypothesis 9 is
represented by the reladonship Bes (MCC — VCP); Hypothesis 10 is represented by the

relationship Y61 (AC — VCP).

5.2. LISREL Structural Modeling Methodology

Before proceeding to the LISREL structural model testing of the hypotheses, the
LISREL structural equation modeling methodology and some major model evaluation
indices will be discussed.

Unlike the traditional statistical methods that can examine only a single
relationship at a time, structural equation modeling (SEM) method greatly expanded the
researchers capability to study a set of interrelated relationships simultaneously. The first
and most difficult steps in SEM are to spedify the two components: Measurement Model
and S#ructure Model. It is difficult because SEM model specification must always be based
on sound theory from existing literature. The need for theoretical justification in SEM is
very important for the specification of dependence relationships, modificadons to the
proposed relationships, and many other aspects of model estimation (Hair, et al., 1992,
pp- 434).

Once the measurement and structure models are specified, the researcher must

choose a computer program for model estimation and evaluation. The most widely used
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program is LISREL (Linear Structural Relations) by Joreskog and Sorbom (1989). There
is no single statistical test that best describes the strength of a model. Instead, researcher
have developed a number of goodness-of-fit measure to assess the results from three
perspectives: 1) overall fit, 2) comparative fit to a base model, and 3) model parsimony.
The LISREL algorithm provides several such statistics that can be used to evaluate the
hypothesized model and also suggest ways in which the model might be modified given
sufficient theoretical justification.

Overall Fit Measures.

The most fundamental measure of overall fitis the chi-square statistic (x3. Low
values, which results in significance levels greater than 0.05, indicate that the actual and
predicted input matrices are not statistically different, hence a good fit. However, the %2
measure is often criticized for its over-sensitivity to sample size, espedially in cases where
the sample size exceeds 200 respondents (Hair et al., 1992, pp. 490). As sample size
increases, this measure has a greater tendency to indicate significant differences for
equivalent models. Thus the current study will not use the %2 measure.

A second measure of overall fit is the Goodness-of-fit index (GFT) provided by
LISREL. GFT represents the overall degree of fit (the squared residuals from prediction
compared to the actual data), but is not adjusted for the degrees of freedom. GFI ranges
in value from 0 (poor fit) to 1 (perfect fit). Generally, a GFI value of greater than 0.90 is
considered as acceptable (Segars and Grover, 1993).

Another measure of overall fit is the Root Mean Square Residual (RMSR) —

an average of the residuals between observed and estimated input matrices. A smaller
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value of RMSR represents a better model fit. The recommended maximum value of
RMSR is 0.1 (Chau, 1997).

Comparative Fit Measures.

This class of measures compare the proposed model to some baseline model
(null model) — some realistic model that all other models should be expected to exceed.
In most cases, the null model is a single construct model with all indicators petfectly
measuring the construct. One of the most popular measure of this kind is the Normed
Fit Index (INFI), which ranges from 0 (no fit at all) to 1 (perfect fit). A commonly
recommended value is 0.90 or greater (Hair et al., 1992).

Parsimonious Fit Measures.

These type of measures relate the goodness-of-fit of the model to the number of
estimated coefficlents required to achieve this level of fit The basic objective is to
diagnose whether model fit has been achieved by “overfitting” the data with too many
coefficients. The most widely used measure of parsimonious fit is Adjusted Goodness-
of-Fit Index (AGFI) provided by LISREL. AGFTI is an extension of GFI but adjusted
by the ratio of degrees of freedom for the proposed model to the degrees of freedom for
the null model. A recommended acceptance value of AGFI is 0.80 or greater (Segars and
Grover, 1993).

Finally, the LISREL program also provides modification indices that suggest
possible ways of improving model fit, such as uncovering new telationships among
constructs. However, one has to bear in mind that the modifications must have sufficient

theoretical justification.
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5.3. LISREL Structural Model Testing Results

The hypothesized relatonships are now ready to be tested based on the LISREL
structural model specified in Figure 5.1 and the model fit properties are evaluated using
the fit statistics discussed above. The composite score computed for each construct at

the end of Chapter 4 will be used as input to the LISREL structural modeling process.

5.3.1. Initial LISREL Structural Modeling Results

Figure 5.2 displays the path diagram resulted from the LISREL structural
modeling analysis. More detailed results are presented in Table 5.3.1. Out of the 10
hypothesized relatdonships, 8 were found to be significant. Hypotheses 1, 2, 3, 4,7, 8, 9
and 10 all had a t-value of greater than 2.00, indicating the relationships are significant at
the 0.05 level. The t-value for Hypotheses 5 and 6 are 0.56 and 1.56 respectively, which is
not significant at the 0.05 level. Therefore, all research hypotheses except Hypotheses 5
and 6 are supported by the LISREL structural modeling results. The initial model fit
measures are: GFI = 0.93, RMSR = 0.037, NFI = 0.89, AGFI = 0.84. GFI was above
the recommended minimum value of 0.90; RMSR was below the suggested maximum
value of 0.05; AGFI was above the recommended minimum value of 0.80; Only the NFI
(0.89) is slightly below the recommended 0.90 level. These results present initial good fit
of the proposed model to the data. The implications of the two insignificant

relationships will be discussed later in this chapter.
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Figure 5.1. Proposed Structural Equation Model
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Figure 5.2. Initial LISREL Structural Modeling Results
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Table 5.3. 1. Initial LISREL Structural Modeling Results

Hypotheses Relationship Colj;Rc]iiIx:ts t-value Significant ?
H1 AC—ISU 0.67 9.92 Yes
H2 AC—~ AMTU 0.54 5.84 Yes
H3 AC - TBMP 0.75 13.98 Yes
H4 AC » MBMP 0.62 10.49 Yes

H7 TBMP — MCC 0.34 4.17

HS MBMP — MCC 0.34 4.30

H9 MCC — VCP 0.14 278

Hio AC— VCP 0.57 7.34
GFI=0.93 RMSR =0.037 NFI=0.89 AGFI=0.84

5.3.2. Revised LISREL Structural Model

After revising the structural model by removing the two insignificant
relationships (H5 and HG), the model was tested again using LISREL. The results are
presented in Figure 5.3 and Table 5.3.2. As can be seen from the figure and table, all
paths have a t-value of greater than 2.0 and significant at the 0.05 level. The fit measures
of the revised model also indicated good fitt GFI = 0.93 was greater than the minimum
0.90 level; RMSR = 0.039 was below the maximum 0.05 level; NFI = 0.88 was slight
lower than the recommended 0.90 level but acceptable; and AGFI = 0.8G was above the

minimurn 0.80 level.
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Figure 5.3. Revised LISREL Structural Modeling Results
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Table 5.3. 2. Revised LISREL Structural Modeling Results

EHypotheses Relationship Colffsﬁlgil;ts t-value Significant ?
H1 AC — ISU 0.67 2.92 Yes
H2 AC —» AMTU 0.54 5.84 Yes
H3 AC — TBMP 0.75 13.98 Yes
H4 AC —» MBMP 0.62 10.49 Yes
H7 TBMP — MCC 0.36 4.67 Yes
HS8 MBMP — MCC 0.34 4.35 Yes
H9 MCC — VCP 0.14 279 Yes
H10 AC— VCP 0.57 7.34 Yes
GFI =093 RMSR =0.039 NFI=0.88 AGFI=0.86

5.3.3. Final LISREL Structural Model

Although the model fit indices were generally acceptable in the revised structural
model, they were not good enough from a higher standard of research. Espedally the
NFI was stll a little lower than the suggested minimum value of 0.90. This might
indicate some other undiscovered relationships in the model. After checking the
modification indices provided by LISREL structural modeling, two interesting new paths
not proposed in the original model were found, which made very good theoretical sense.
The two new paths were 1) the direct positive effects of Information Systems Usage
(ISU) on Time-Based Manufacturing Practices (TBMP), and 2) the direct positive effects
of Advanced Manufacturing Technology Usage (AMTU) on Time-Based Manufacturing
Practices (TBMP). In other word, although the direct effects of ISU and AMTU on

MCC (H5 and HG6) were not significant, they indirectly affect MCC through TBMP.
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These are very interesting and meaningful findings. The implications and theoretical
justifications of these two new relationships will be provided in the next section.

After adding these two new paths, the structural model was estimated again using
LISREL. The final results are preseated in Figure 5.4 and Table 5.3.3. All relationships
have a t-value of greater than 2.0 and significant at the 0.05 level. The model fit indices
have also greatly improved. GFI = 0.96 and AGFI = 0.91 were both well above the
recommended minimum value of 0.90 and 0.80. RMSR = 0.031 was far below the
maximum (.05 level. Note that NFI has improve significantly from 0.88 to 0.93, greater

than the suggested lower limit of 0.90.

Table 5.3. 3. Final LISREL Structural Modeling Results

Hypotheses Relationship CoLeI;EEfx‘ts t-value Significant ?
Hi1 AC—H ISU 0.67 9.92 Yes
H2 AC— AMTU 054 5.84 Yes
H3 AC —» TBMP 0.59 9.46 Yes
H4 AC —» MBMP 0.62 10.49 Yes
H7 TBMP — MCC 0.36 4.64 Yes
HS MBMP — MCC 0.34 4.35 Yes
H9 MCC —> VCP 0.14 278 Yes

H10 AC—H VCP 0.57 134 Yes

H5a ISU > TBMP 0.14 3.09 Yes

Hé6a AMTU — TBMP 0.11 335 Yes
GFI=0.96 RMSR =0.031 NFI1=093 AGFI=091
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Figure 5.4. Final LISREL Structural Model
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5.3.4. Discussion of LISREL Structural Modeling and Hypotheses Testing
Results

The previous sections reported the LISREL structural modeling and hypotheses
testing results on the proposed model. To summarize, 8 out of 10 of the hypothesized
relationships (Hypotheses 1, 2, 3, 4, 7, 8, 9, 10) were significant at the 0.05 level, and the
final LISREL structural model displayed very good fit to the data. For the two non-
significant direct relationships (Hypotheses 5 and 6), two new indirect paths (H5a and
H6a) were found.

However, statistical significance and model fit are not the ultimate objectives of
academic research. They are just the means to achieve the end, which is better
understanding of the subject under investigation and discovery of new relationships. The
results from the research will be of great value both to practitioners in terms of assisting
their business decision making processes, and to researchers in terms of providing some
new instruments for further academic research. Therefore, the practical and theoretical
implications of the LISREL structural model testing results on each hypothesis will be
discussed as follows.

Hpypothesis 1: There s an overall positive relationship between a firme's Absorptive Capacity
(AC) and its level of Information Systems Usage (ISU).

This relationship was found to be significant. Computer based information
systems has evolved from the traditional back office support to a strategic resource for
most firms in the past two decades. This is made possible by the rapidly decreasing cost
and drastically improving power of computers. Along with it, the Internet and Wotld

Wide Web technology have brought about a revolution in information networking
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systems. The new generations of information systems such as Electronic Data
Interchange (EDI) and Electronic Commerce (EC) have become a strategic necessity for
many firms to stay ahead of competition. But to effectively utilize these new information
systems technology is not as simple as purchasing and installing hardware and software.
It requires overall improvements in the knowledge level and learning capability of both
workers and managers to accommodate the new technology. It may even require a
complete change in the firm’s communications structure and culture when the new
technologies totally reengineered the traditional working processes and relationships.

Hypothesis 2: There is an overall positive relationship between a firm’s Absorptive Capacity
(AC) and its level of Advanced Manufacturing Technology Usage (AMTU).

This relationship was found to be significant. Similar to the computer-based
infonmation systems, various advanced manufacturing technologies (AMT) enabled by
computer technology has established their strategic role in many industrdes, espedally in
the hi-tech electronics and auto manufacturing section. Many firms can now achieve the
level of manufacturing flexibility and technical complexity that will otherwise be
impossible without using AMTs. However, many other firms also found that the AMT
system that they invested heavily had not achieve the expected level of performance
(Maansfield, 1993). The important finding from hypothesis 2 empirically confirmed the
proposition by several prominent researchers (Duimering et al., 1993; Lei et al, 1996;
Zammuto and O’Coanor, 1992; Maffei and Mendith, 1993; Chung, 1991), that the
structural and cultural redesign of an organization to improve its absorptive capacity of

new technologies is a fundamental requirement before implementing flexible technology.
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For practitioners, the detailed items of absorptive capacity actually provided very useful
guidelines for their organizational redesign efforts.

Hypothesis 3: There is an averall positive relationship between a firm’s Absorptive Capacity
(AC) and iis level of Time-Based Manufacturing Practices (TBMP).

This relationship was found to be significant. Needless to say, time has become a
dedisive factor of manufactudng performance in today’s increasingly turbulent business
envitonment. But many of the time-based manufacturing practices, such as pull
production, reengineering setup, and dependable suppliers, requires a highly cooperative
and well informed manufacturing operations system. In fact, the Toyota experience has
proved that in a true Just-In-Time system, water (inventory buffer) level has been
minimized, thus rocks (problems) may easily surface if the entire supply chain were not
well coordinated. Building absorptive capacity can help firms to achieve the desired
harmony along the manufacturing supply chain through improved communications
infrastructure and partmership with suppliers and customers. Hypothesis 3 clearly
indicates to manufacturing managers ways of improving absorptive capacity, such as
fostering an open communications climate and knowledge scanning, are valid measures
of fadlitating time-based manufacturing practices in a firm.

Hypothesis 4: There is an overall positive relationship between a firm’s Absorptive Capacity
(AC) and its level of Modularity-Based Manufacturing Practices (MBMP).

This relationship was found to be significant. As suggested by Baldwin and Clark
(1997), manufacturing strategies based on modularity are the best way to deal with
today’s fast-paced change and growing technological complexity. However, modularity is

still rare in many industries other than the computer industry, because modular products
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and processes are much more difficult to design and implement, and they requites a
much higher level of knowledge and expertise. Further, designers must not only focus on
individual modules of products, processes or teams, but also ensure that the modules
will work together harmoniously. Many industries today are modeling after the successful
modularity strategy set forth by the computer industry. The significant positive
relationship between absorptive capacity and modularity-based manufacturing practices
empirically demonstrated to manufactuting managers, that upgrading the firm’s
knowledge base and technical expertise, and promoting company-wide systems thinking
are key to successful modularity-based manufacturing strategy.

Hypothesis 5 and 6: There is an overall positive relationship between the level of
Information Systems Usage (ISU) and the level of Mass Customization Capability (MCC). There is an
overall posttive relationship between the level of Advanced Manufacturing Technology Usage (AMTU)
and the level of Mass Customization Capability (MCC).

Although the bivariate Pearson correlations of these two relationships were
significant at 0.01 level, they were found to be non-significant in the LISREL structural
model. Instead, two new indirect paths were found through Time-Based Manufacturing
Practices (TBMP). That is, Information Systems Usage and Advanced Manufacturing
Technology Usage affects firms’ Mass Customization Capability indirectly through
TBMP. This finding is very valuable because it signifies to manufacturing managers that
use of IS and AMT alone will not necessarily result in a flexible manufacturing system.
Extensive use of IS and AMT may produce a highly automated and computerized

manufacturing system. But to realize its potential for mass customization, automation
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must be accompanied by other organizational practices such as TMBP to achieve a
highly integrated system.

In fact, the level of integration could be a much more important issue. According
to Cooper and Zmud’s (1990) technology implementation stage model, routinization of
technology usage is not the final stage. It is at the infusion stage that a certain technology
is used to its fullest potential and increased organizational effectiveness is obtained by
using the technology in a more comprehensive and integrated manner. Vonderembse,
Raghunathan and Rao (1997) conducted some in-depth case studies concerning the issue
of automation versus integration. They found that, under the industral paradigm of
thinking, firms tend to automate specific tasks to solve local problems, which often
results in “islands of automation” that are not capable of responding quickly to rapidly
changing customer needs. Thus firms operating in the post-industdal environment
should focus first on integration across the value chain, then automate the activities that
add value to customers.

Hypothesis 7: There is an overall positive relationship between the level of Time-Based
Manufacturing Practices (IBMP) and the level of Mass Customization Capability (MCC).

This relationship was found to be statistically significant. This finding is
consistent with Koufteros (1995) conclusion that there is a significant positive
relationship between TBMP and a firm’s compettive capabilities. The focus of the
current study is on the firms’ capability to customize products on a large-scale at time
and cost comparable to general purpose products. The significance of hypothesis 7

confirmed that TBM practices such as reengineering setup, cellular manufacturing, pull



133

production and dependable suppliers could indeed help manufacturers cut down costs
and improve response time when switching between different products.

Hypothesis 8: There is an overall positive relationship between the level of Modularity-Based
Manufacturing Practices (MBMP) and the level of Mass Customization Capability (MCC).

This relationship was found to be significant. It empidcally confirmed the
theoretical notion that modularity could be a major form of mass customization.
Moreover, the study results also show that moduladty practices are not limited to
product modularity. The newer practices of production process moduladty and team
modularity are both very effective ways of achieving mass customizaton. To
manufacturing managers, recognizing these new opportunities and put them to everyday
practice can actually become a real long term asset to the firm.

Hypothesis 9: There is an overall positive relationship between a firm’s Mass Custonrization
Capability (MCC) and its Value to Customer Performance (V'CP).

This relationship was found to be significant. This finding is important because
there has been doubt among researchers and practiioner about investment in product
customization capability. There are some firms stll surviving on a few mass market
products, but the staustical significance of hypothesis 9 verifies that customers indeed
think customized products have higher value, and are more satisfied with the features
customized products provide. Although improving mass customization capability may
incur some investments, it will finally pay off in the long run through a loyal customer
base and sustaining market share.

Hypothesis 10: There is an overall positive relationship between a fimr’s Absorptive

Capacity (AC) and its Value to Custorner Performance (V'CP).
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This relationship was found to be significant. This is a very valuable finding in
that many firms are not putting enough emphasis on improving individual and
organizational continuous learning capability. They think the knowledge level of
employees and communicatdons culture within the firm has little to do with their
customers. Hypothesis 10 clearly signifies that this is not the case. A firm’s capability to
learn and absotb mew knowledge and technology directly affects its ability to create
customer value. It is hard to imagine that a firm with obsolete knowledge base and

limited communication among functional areas can come up with innovative products.



CHAPTER §6: FUTURE RESEARCH DIRECTIONS AND CONCLUSION

The constanty changing global marketplace, rapidly advancing information
technology and emerging managerial practices offer U.S. manufacturers unprecedented
strategic opportunities and also present many management challenges. One of the
biggest challenges is how to achieve distinctive manufacturing capabilities, such as mass
customization capability and absorptive capacity, to support new strategic initiatives
aimed at creating higher value to customers. A customer-oriented manufacturing strategy
eventually determines a firm’s growth in the increasingly competitive global market.

The current research represents one of the first large-scale cross-disciplinary
empirical efforts to systematcally investigate the interrelationships among a
manufacturing firm’s absorptive capacity of knowledge and technology, level of
advanced information technology usage, level of innovative manufacturing practices,
mass customization capability and value to customer performance. The major
contribution of this research is the development of valid and reliable measurement
tnstruments for the following constructs: 1) Absorptive Capacity; 2) Information Systems
Usage; 3) Advanced Manufacturing Technology Usage; 4) Modularity Based
Manufacturing Practices; and 5) Mass Customization Capability. From a researcher’s
point of view, the development and validaton of these important measurement
instruments provided valuable tools to greatly facilitate future interdisciplinary studies in

manufacturing management and information technology management fields.
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The second major contrbution of the current research is the development and
testing of a comprehensive theoretical framework of mass customization. LISREL
structural modeling was used to test the relationships among the major research
constructs. The relationships were represented by Hypotheses 1 to 10 in this research.
The empirical results supported Hypotheses 1, 2, 3, 4, 7, 8, 9 and 10, while Hypotheses 5
and 6 were not supported. That is, the direct impact of a firm’s information systems
usage and advanced manufacturing technology usage on mass customization capability
was not found. However, an interesting finding was that information systems usage and
advanced manufacturing technology usage indirectly affect mass customization capability
through time-based manufacturing practices. The empircal findings on these
relationships added significantly to the current body of knowledge in manufacturing
management and technology management.

From a practitioner’s point of view, the third major contribution of the current
research is that the measurement instruments and structural models developed in this
research provide a set of valuable tools to 1) evaluate a firm’s level of absorptive
capacity, level of information systems and advanced manufacturing technology usage, use
of various manufacturing practices, and degree of mass customization capability;
2) understand the impact of a firm’s absorptive capacity on the effective usage of
information technology and successful implementation of innovative manufacturing
practices; 3) understand the joint impact of information technology and manufacturing
practices on a firm’s mass customization capability; and 4) understand the mechanism of
creating higher customer value through absorptive capacity and mass customization

capability.
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While the current research made significant contributions from both a theoretical
and practical point of view, it also posed some interesting directions for future research.
One immediate direction will be to collect new data set for comfirmatory factor analysis
of the measurement instruments developed in the current research. This will provide
further evidence for the validity and reliability of the instruments.

Future studies can also examine the proposed relationships in a contingent
manner by bringing some contextual varables into the model, such as level of market
turbulence, industry type, and firm size. For example, it will be very interestng to
examine the relationships proposed in Hypotheses 5 and G across different industdes.
While these two relationships were found to be non-significant in the general structural
model, they may become significant in some industry-specific models. It will also be
intriguing to investigate how market turbulence affects the role of absorptive capacity.
The need for absorptive capacity should be more significant under more turbulent
environment where high level of organizational learing is required to deal with
uncertainties.

Future research can also expand on the current theoretical framework by adding
new constructs or studying new relationships. For example, the impact of absorptive
capadty and mass customization capability on overall firm performance can be
examined. The construct of manufacturing strategy can be introduced to check for its
relationship with the constructs in this study. The issue of manufacturing system
automation vs. integration (Vonderembse, Raghunathan and Rao, 1997) can be

empirically studied using the Advanced Manufacturing Technology Usage instrument
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developed in the current research. Finally, the relationships among sub-dimensions of

different constructs will also be worthwhile to explore.
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Appendix I: Demographic Information of Large-Scale Respondents

Firm Size
Number of Employees Frequency Percent
Less than 100 5 1.7%
100 to 499 208 68.6%
500 to 1000 41 13.5%
More than 1000 48 15.8%
Unspecified 1 0.3%
Total 303 100%
Sales Volume
Aanual Sales ($) Frequency | Percent
Less than 10 million 12 4.0%
10 to 50 million 148 48.8%
50 to 100 million 54 17.8%
100 to 250 million 26 8.6%
250 to 500 million 26 8.6%
500 to 1000 million 9 3.0%
1000 million and above 12 4.0%
Unspecified 16 5.3%
Total 303 100%
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Industry Type
Industcy Frequency Percent
Automotive or parts 40 13.2%
Fabricated metal products 85 28.1%
Electronics 26 8.6%
Electrical equipment 21 6.9%
Fumiture and fixtures 7 2.3%
Appliances 11 3.6%
Rubber and plastic products 9 3.0%
Industrial machinery and equipment 52 17.2%
Transportation equipment 9 3.0%
Instruments and related products 20 6.6%
Other 23 7.6%
Total 303 100%
Plant Type
Type of Operations Frequency Percent

Job Shop 77 25.4%

Assembly line 42 13.9%

Batch processing 40 13.2%

Projects (one-of-a-kind) 15 5.0%

Continuous flow process 22 13%

Flexible manufacturing 37 122%

Manufacturing cells 68 224%

Unspecified 2 0.7%

Total 303 100%
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Appendix II: Analysis of Non-respondent Bias

Firms Size Comparison

Number of Batch 1 Batch 2
Employees Frequency Percent Frequency Percent

Less than 100 1 0.8% 4 2.2%

100 to 499 88 71.5% 120 66.7%

500 to 1000 18 14.6% 23 12.8%

More than 1000 16 13.0% 32 17.8%

Unspecified 0 0% L 0.6%

Total 123 100% 180 100%

Sales Volume Comparison
Batch 1 Batch 2
Annual Sales ($)

Frequency |Percent Frequency |Percent
Less than 10 million 4 33% 8 4.4%
10 to 50 million 63 51.2% 85 472%
50 to 100 million 24 19.5% 30 16.7%
100 to 250 million 11 8.9% 15 8.3%
250 to 500 million 9 73% 17 9.4%
500 to 1000 million 3 2.4% 6 33%
1000 million and above 5 41% 7 3.9%
Unspecified 4 33% 12 6.7%
Total 123 100% 180 100%
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Industty Type Comparison
Batch 1 Batch 2
Industry
Frequency Percent | Frequency | Percent
Automotive or parts 16 13.0% 24 13.3%
Fabricated metal products 35 28.5% 50 27.8%
Electronics 8 6.5% 18 10.0%
Electrical equipment 10 8.1% 11 6.1%
Furniture and fixtures 3 2.4% 4 2.2%
Appliances 3.3% 7 3.9%
Rubber and plastic products 5 4.1% 4 2.2%
Industrial machinery and equipment 18 14.6% 34 18.9%
Transportation equipment 3 2.4% 6 3.3%
Instruments and related products 11 8.9% 9 5.0%
Other 10 8.1% 13 7.2%
Total 123 100% 180 100%




151

Appendix III: Large-Scale Mail Survey Questionnaire

1998 Survey of Manufacturing Practices of Product Customization,
Infrastructure Building and Technology Application

Please direct all correspondence to:

Mr. Qiang Tu

Department of ISOM

College of Business Administration
The University of Toledo

Toledo, Ohio 43606
Phone: (419) 530-2420
Fax: (419) 530-7744

E-mail: qtu@uoftQ2.utoledo.edu
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GENERAL INSTRUCTIONS

This questionnaire is part of 2 nationwide study underway to document manufacturing
practices of product customization, infrastructure building, technology application and
their impact on creating higher value to customers.

The questionnaire is divided into eight sections: Each question requires that you choose
the alternative that best fits your views on that topic. We estimate that it should take you
approximately 25 minutes to fill out this questionnaire. No additional file search is
needed to answer the questions. There are no right or wrong answers. We are interested
only in your perceptions. The information provided by you will be treated in the
strictest confidence. Your responses will be entered in a coded format and only be used
for aggregated statistical analyses.

Thank you for your cooperation. We believe that, with your assistance, this study can
help clarify a number of issues pertaining to manufacturing management effectiveness
that have only been addressed so far at a theoretical level. A business-reply envelope is
enclosed for your convenience.
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Section 1. The following statements describe typical manufacturing
practices of flexible product customization through product
modularity, process modularity, dynamic teaming and customer
involvement. Please circle the appropriate number to indicate the
extent to which you agree or disagree with each statement as
applicable to your organization.

Our products use modularized deSigN .....veeeumrnarenrienreennnreeseeresnseeessossmessnn
Our products share common MOdUIES .......coveireemrerecreenicrrecreemerrersrcorsesren
Production teams that can be re-organized are used in our plant ......cecceveuveneeenee
Our product features are designed around a standard base unit ........ceveevveeenneeene
We keep close contact With CUSIOMELS ....cvucenermerncirenrennerenaensnesesessrsrasnsonnns
Production teams can be re-organized in response to product / process changes.....
Our products can be customized by adding feature modules as requested ............
We keep close contact with customers through all functional departments ...........
Our product modules can be reassembled into different forms ....oevververerrrenmeennn
We monitor changes in customer needs through close contacts .....oceevveereennnnnen.
Production teams can be re-assigned to different production tasks .......c.e.eeerernen
We try to understand customers’ exact needs through close contacts ......ceeeeene..n
Production teams are not permanently linked to a certain production task ...........
Our product feature modules can be added to a standard base unit -.....oveceeaeennnen
Production team members can be re-assigned to different teams .........ceceeveeenene
We involve customers in the customization processes through close contacts .......
Our product modules can be rearranged by end-users to suit their needs .............
We help customers clarify their needs through close contacts ......cccceeveerennnnnnn
Production team members are capable of working on different teams ................
Production teams have no difficulty accessing necessary 1eSOUrces ......eveeveevnene
We have a well designed system to ensure close contact with customers ............
Our production process is designed as adjustable modules -.....c.cceeeeercerceneeennnn
Our production process can be adjusted by adding new process modules ............
Our production process modules can be adjusted for changing production needs ...

Our production process can be broken down into standard sub-processes that
produce standard base units and customization sub-processes that firther
customize the base UDILS .....coeenrrmeeecncancrnncans

Our production process modules can be re-arranged so that customization sub-
processes occur last

Our production process modules can be re-arranged so that customization sub-
processes be carried out later at distribution centers . .

s -

....................................

Strongly Disagree

Disagree
Neutral

NN RN PR R NP PR NDPDRDDNNDND NP PR DN

(18]

LW W W W WWWWL W WWWWWWWWL WWWWWW

Agree

S T I S T T T T N N N O SO N O S ST N

Strongly Agree

NV L VLV VLV WLUY LYY VYUYWL Yy Y Yy vy

(]

Not Applicable, or Do
Not Know
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Q

L
Section 2. The following statements describe typical characteristics of %
a firm's capacity to absorb new knowledge and technology. Please A
circle the appropriate number to indicate the extent to which you agree 2
ordisagree with each statement as applicable to your organization. °8°

&
The general knowledge level of our first-line workers is high ......covevvureernereenen 1
The communications between supervisors and their subordinates are extensive.... 1
We seek to leam from tracking new market trends in our indUSITY «vereenreeerecoreenn 1
The communications among functional areas are extensive ......coeceeeeererereerrones 1
We seek to learn, from routine search of useful Information .......ceeveremnreeennsinsans 1
The overall technical knowledge of our first-line workers is high ....ccoevennremunne.s 1
We seek to leam from benchmarking best practices in our industry ........ceeenne.. 1
The communications among functional areas are frequent ......ccceceeercrcerenseeenns 1
We seek to leam from trying out new technologios ......ceeereeerrereeriesnnensennrnnnns 1
The communications between supervisors and their subordinates are frequent ...... 1
The general educational level of our first-line workers is high ....ccoemveenannenn..... 1
The communication of new ideas from one department to another is extensive ..... I
The overall job competence of our first-line workers is high ....ccoconmecicccvennen.. 1
We seek to learn from our customers and Suppliers ... ..o iaiicnrciinnecncecnns 1
The communications between departments are hindered by clear boundaries ....... 1
Weseek to leamn from taking new business OppOrtUIes «..c..ocereereceecrrcseccrrrner 1
The communications has to pass through many hierarchical levels in our firm ...... 1
Our employees tend to trust €aCh Other ...c.oueeereaiiaceaiciecciecec e ciannanseaan 1
Weseekto leam from conducting R&D activities ...c.coeceieeaamceieaminccenrennaneas 1
Our employees are supportive of each other ... o oo ccaaeee 1
Our employees have strong feelings of belonging to our organization ......c..cceee.. 1
The knowledge of our managers is adequate when making business decisions ...... 1
Our employees share ideas freely with each other ...coceieeeceimrneicncccccnenaneans 1
The knowledge of our managers is adequate when dealing with new technologies . 1
Our employees share a very open communications environment .......ccccceeeeereae- 1
Our employees have no difficulty accepting new ideas -~ 1
The knowledge of our managers is adequate when managing daily operations ...... i
The knowledge of our managers is adequate when solving technical problems ..... 1
Our employees are willing to accept changes eememsemsasssassesncssmassaonsasnaes 1

Overall, our organization has high capacity to explore and assimilate newideas ... 1

Disagree

NN NN RN RN R RPN R DR NDDN PR RN DD DN

Neutral

wwuwwwuwwwuwwwwwwwwwwwuuwwwwww

Agree

E I N O N N N N N N N N N N N N N N SO N S S U U T U T S

Strongly Agree

L UL YL VL VL V VY VL VL VL VL VL VLYWLV UYL WYy Uy Wy

Not Applicable, or
Do Not Know
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NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

NA
NA

NA
NA
NA

NA

NA
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Section 3. The following statements describe various advanced manufacturing technologies.
Please circle the appropriate number that best indicates your firm's extent of use of each
technology (column 1) AND !svel of integration of each technolcgy (column 2) wiili other
components of your manufacturing system. Please answer both columns. The measurement scale

to be used are explained below.

1-Very Low, 2-Low, 3-Moderate, 4-High, 5-VeryHigh, NA -Not Applicable or Do Not Know

Extent of use of
this technology in

your company
Automatic numerically controlled machines ........cccevevvvreees 1 23 45 NA
Automated inspection and testing equipment ......ccceeereenennes 1 23 45 NA
Computer-aided technology that monitors the production
process and provides feedback .....cccciaiiiiinnciiciiicncnenns 1 23 45 NA
Computer-aided technology that determines routings between
MACHINES «.cevrrrrreiinriierectieriretrecnraceasresrsesesnneen 1 23 45 NA
Automated storing and retrieving SYStems ....ceeevvecereraveenes 1 23 45 NA

Computer-aided technology that facilitates production by

classifying parts into families according to similarities ...... 1 2 3 4 5 NA

Automated conveyors that deliver parts to work centers ........ I 23 45 NA

Computer-aided technology that plans machining operations.. 1 2 3 4 5 NA |

Computer-aided technology that plans and controls shop floor

material FeqUITEMENtS ...covvreereesressimeorrassseseassssnscassns 1 23 45 NA
Automated guided vehicles that deliver parts and tools ......... 123 45NA
Computer-aided technology that automates parts and tools

ESIZI PrOCESSES orermnrrocenresverosssormmssrortnsesosscosnsennn 1 23 45 NA
Automatic industrial fObOtS ..cciveeiriiiniiciricimcorcrriencerene 123 45 NA
Automated flexible manufacturing Systems ......cc.cceeeceeencen 1 23 435 NA

Computer-aided technology that provides rapid prototyping in
product design Process «.ccveeveveerrecnerecreemnresrennmessrenees 1 23 4 35 NA

Level of integration
of this technology

1

with others

23 45 NA
2 345 NA

2345 NA

4 5 NA
NA

[ 8]
ES
W

345 NA
NA

345 NA

[ S S T ]

345 NA
NA

[ IS I N ]
w
'S
v

4 5 NA
NA
NA

LS
VSR VO W)
v

N

345 NA

Please circle your level of agreement to the following overall statement about your
manufacturing system on a scale of 1 (Strongly Disagree) to 5§ (Strongly Agree).

Overall, our manufacturing system is highly automated. -
Overall, the components of cur manufacturing system are highly integrated ..........

2 3

4 5 NA
4

3 5 NA
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Section 4. The following statements describe the typical usage of

information systems (IS) in a firm. Typical IS may inciude office 3
automation systems, order entry systems, electronic mail and @
con(e(encing systems, intranet and internet systems, executive »‘5’1
decision support systems, expert systems, and other computer-based >
networking systems. Please circle the appropriate number to indicate &b
the extent to which you agree or disagree with each statement as =
applicable to your organization. @
WeuseISto ...

help justifying daily operational deciSions ........ccccaemeeerereecereranceanmnrensneasn 1
help improving the efficiency of daily operational decision processes ............... I
facilitate information distribution throughout the organization .......c.cccecvecrvrnnns 1
help analyzing why problems occur in daily operations ....c..ceeeeevrvcerecarrnneanns 1
facilitate information sharing among employees .....c.occovrirreciemiinicicceeeennees L
facilitate information sharing between different management levels ................. 1
help monitoring the daily operational decision processes .. 1
facilitate information feedback on employee work performance ......ceoeeceencennne 1
help improving the effectiveness of long-term strategic planning processes ........ 1
facilitate reporting of employee WOrk Progress ....cccevereererecensenmerseoseccrsnenens 1
help formulating long-term business plans .....ccceceenee. e 1
facilitate information sharing among different departments .......cceeceveenceecnecene I
help justifying long-term business plans. - 1
help creating new ways of doing BUSINeSS ......ccerrerrenercrieenseirereicerenienes 3
facilitate cross-functional cooperation within the organization 3
help generating long-term strategic advantage ...... 1
exchange information with government agencies ....c.ccovceremcecncnnssscarecoracsenen 1
collect information about best practices in our industry .......ceeeeeeees w1
exchange information with research institutions ........ -
collect information about CUStOMEr FEQUITEMENLS «...vomermononensrnmmenscsrenanersnemns L
keep suppliers involved in our product design and production processes .........-.. L
exchange information with customers ........cccecomeeen.

keep suppliers informed of our specific requirements

collect information about new technologies in our induSty «...cvceemeenemenreeenenns 2

collect information about competitor products .1

Disagree

R R R R PWRNDERPNERRNDERRNDN RN RN D NN

Neutral

W W W W W WWWWWWWWWLWWWWWWWWWWwWwWw

Agree

O S N N S N N N N N N N S N N N O R O

Strongly Agree

A I L IV IV IV IV I VI V RV RV SV V)

W W w

U U U Y vi v W

Wi

Not Applicable, or Do
Not Know

NA
NA
NA
NA
NA
NA
NA

NA
NA

NA
NA

NA
NA

NA
NA
NA
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3
Section 5. The following statements describe a firm's typical shop &
floor production practices. Please circle the appropriate number to A
indicate the extent tc which you agree or disagree with each 2>
statement as applicable to your organization. %"

a
Shop-floor employees are involved in improvement efforts ...........oveeeenerennn I
We use special tools to shorten Setup tMe ....c...eeeveecenrerenneenneenreerreererenns 1
Our employees are trained to reduce SEtUP M ....cccrrereemeeenncaenreaeromesrneens 3
We receive parts from suppliers o tiIMe ...cc.ceriememeccrnrrenrensesesmeesensossesene 1
Products are classified into groups with similar routing requirements ............... 1
Products are classified into groups with similar processing requirements ........... 1
We maintain our equipment regularly .....o.euemeecmaicemeicrenrvrrercrenrensesresnsne 1
Equipment is grouped to produce families of products ...c...ceveveceerrecriereeecnnnn I\
Production at stations is “pulled” by the current demand of the next stations ....... 1
Families of products determine our factory layout .c.....ccorienceemmmmmeerrieneenennnn 1
Shop-floor employees are involved in problem solving teams ......ccceeeernennennn 1
We use fishbone type diagrams to identify causes of quality problems .....ceveneee 1
Production is “pulled” by the shipment of finished goods .- ceeeeee 1
We receive the correct number of parts from SUPPLErs «......ooceeececcircieenceeennnn 1
Employees work on setup IMPrOVEMENt «..ccovaerecercrcerercncesnsenesronssemnsnnnnee 1
We receive high quality parts from SUPPUETS ..o oorearicramcrcrinnreccenean 1
Our employees use quality control Charts .....c.eereeicniirnirentinnenscetiecsssasens L
We conduct process capability studies ......cueemicicmimiiimiiiencniee e cnienenns 1
Shop-floor employees are involved in suggestion Programs - o .cocceeocrecccmccnnn 1
We use a “pull” production system ... 1
We emphasize good preventive maintenance .......cc.cceeeeeee w 1
Records of routine maintenance are KEPt ...ceucesracesocveneeecmeccsesenmmesnssonsansen 1
We redesign or reconfigure equipment to shorten setup time ......ccceecccencuracane 1
We receive the correct type of parts ffom SUPPLErS ..cuevvmeemmvemmemrmree e ccnnnee L

Production is “pulled”™ by an open kanban / bin position .. - -1

Disagree

D0 RN R PR RN PN DR PRLNDD DN RN NN

Neutral

W WL WW W W WWWWWWW WL WWWWWW W WW

Agree

Ll R I R I R SRR TR S N N N O NI S - G G O T S

Strongly Agree

Uiy U L LY VLY VLY LYy LY U VY YV VY U UL Yy vy Yy

Not Applicable, or
Do Not Know

Z

A

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
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Section 6. The following statements measure your firm’'s capability to
customize products inexpensively and quickly. Please circle the
appropriate number which best indicates your perception of the relative

capabilities of your firm as compared to the industry average.

Our capability of customizing products at [ow COSLIS ..vererenreirnsnirnceieanennnenn
Our capability of customizing products on a large scale is ....coevreeevrevmmerenennas

Our capability of translating customer requirements into technical designs
QUECKIY 8 < e cee et ettt ter s st n s s e m e e s s an e saaenaan

Our capability of adding product variety without increasing cost is ......cccceeree.
Our capability of customizing products while maintaining a large volume s ......
Our capability of setting up for a different product at low COStiS ...ocecerenecannens
Our capability of responding to customization requirements quickly is .....c..eeee

Our capability of adding product variety without sacrificing overall production
volume is . .

Our capability of changeover to a different product quickly is ...cccvveerverenvenee.

Our capability of producing customized products with lead time and cost
comparable to mass-produced products is «....everereevemmerserrreeersneeneranne

................................

Section 7. The following statements indicate the value of your
products to customers. Please circle the appropriate number to
indicate the extent to which you agree or disagree with each
statement as applicable to your organization.

Our customers are satisfied with our ability to customize products ......ceeeereenn.
Our customers are satisfied with the variety of our products ........ceeveecneercnncnn
Our customers are satisfied with the quality of our products .....ueeeeeervereannaces
Our customers are satisfied with the features that our products provide ............
Qur customers are loyal to our products
Our customers refer new customers to purchase our products ........ccecceucences
Our customers feel that we offer products with high value ......ccocccciciceccnennens

Our customers perceive that they receive their money’s worth when they
purchase our products

...........................

Much Below Average

I

Strongly Disagree

Disagree

Below Average

NN

SRS S SN S ]

18]

[

{SS N AS I (N N 1N N 06 B (S T 8

(8]

About Average

W W W wWw

w

Neutral

W W w wwww

Above Average

o

F N N U N

M~

Agree

N N O N N

Much Above Average

wv W\

VRV BV T AN

W W

Strongly Agree

Wy v Uy by Y

Not Applicable, or
Do Not Know

NA
NA

NA
NA
NA
NA
NA

NA
NA

5

Not Applicable, or
Do Not Know

FEEEERE

5
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Section 8. General Information
Please provide the following information for statistical purpose.
1. Yourjob title:

2. Howmany employees does you company have?

g Less than 100 g 100to499 g 500to 1000 g More than 1000
3. Please indicate annual sales of your firm/division
g Less than 10 million g 10 to <50 million g 50 to <100 million
g 100 to <250 million f] 250 to <500 million. g 500 to <1000 million

g 1000 million and above

4. Please indicate the category that best describe your primary business:
g Automotive or parts 0 Fabricated metal products {1 Electronics
g Electrical equipment g Furniture and fixtures { Appliances
g Rubber and plastic products { Industrial machinery and equipment
g Transportation equipment g Instruments and related products

g Other (Please specify):

5. What percentage of your end products are customized to specific customer orders ? %
‘What percentage of your end products are general purpose products forthe massmarket? %

6. Please select the type of manufacturing operation that best describe your company / division:

g Job shop g Assembly line g Batch processing

g Projects (one-of —a-kind production) g Continuous flow process

g Ftexible manufacturing g Manufacturing cells
7. What quality certification have you attained ?

g ISO 9000 g QS 9000 g Other (please specify)

8. What is the Standard Industrial Classification (SIC) code of your primary business ?

Thank you for your assistance in this research ! Your time and effort to answer this
survey is greatly appreciated. If you wish to receive a summary of the research findings,

please enter your name and address below or attach a business card.

Name Phone

Firm Name
Address
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