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New product development has been considered a key success factor for

today's businesses. Long term survival of many manufacturing organizations

depends on how successful organizations are introducing new products to compete

in existing markets or in creating new markets. Despite the importance of new

product development, many manufacturing organizations face a limited

understanding of the relationship between manufacturing capabilities and new

product success. This study examined the relationship between manufacturing

flexibility and new product performance.

Eight dimensions of manufacturing flexibility and three measures of new

product performance were identified and the relationships among these variables

were examined. Impact of new product type, value creation mode, and

manufacturing system on the relationships was also assessed. A survey of the U.S.

electronic manufacturing industry was conducted. Data obtained was statistically

analyzed to provide valid and reliable measures for research variables and to test

the hypothesized relationships.

This study supports the multidimensionality of flexibility and the existence

of a hierarchy among flexibility dimensions. A suggested hierarchy of

manufacturing flexibility is offered. Manufacturing flexibility was found to be
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more positively correlated with market success than with quality, cost or delivery.

The difference between quality and cost and delivery was found to be insignificant.

For more radical products, manufacturing flexibility was found to be more

positively correlated with product performance. Another finding suggested that

manufacturing flexibility is more positively correlated with product performance in

a product focused environment than in a process focused or market focused

environment. Manufacturing flexibility was found to be more positively correlated

with product performance in a market focused than in a process focused

environment. Another result suggested that the level of positive correlation

between manufacturing flexibility and new product performance is higher in a Line

Flow manufacturing system and in a Flexible Manufacturing System (FMS) than in

any other manufacturing system.
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Manufacturing Flexibility in New Product Development:
Perceptions and Implications of New Product Performance

INTRODUCTION

This first chapter describes both the background and motivation for this

research. Furthermore, a concise model and several hypotheses to be examined

during the research are developed. Relevant background information, the research

purpose, model, and hypotheses are described.

1.1 Background

New product development has been considered a key success factor for

today's businesses. The importance of new products in the success of a company is

widely reported. For example, Cooper and Kleinschmidt (2000) and Shepherd and

Ahmed (2000) agree that new products are central to the success, growth, and

prosperity of modern companies. Ozer (2000) adds that new products are vital for

the companies' long-term survival. In five years, the portion of company sales

from new products has increased from 33% to 42% (Booz & Hamilton, 1982;

Cooper & Kleinschmidt, 1991; Page, 1993), and the portion is predicted to go up to

about 52% (Kleinschmidt & Cooper, 1995). Griffin (1997) reports that, on

average, best-practice firms collect 49.2% of sales from products commercialized

in the last five years.

Many studies in the manufacturing industry also confirm the importance of

new product development in the success of a manufacturing company. An

extensive survey by the Product Development & Management Association
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(PDMA) reports that the new product portion of sales is significantly higher in

manufacturing industries than in service industries (Griffin, 1997).

Despite the important role of new product development in manufacturing

organizations, there is only limited research on the relationship between new

product development and the capabilities of a manufacturing system. In one of the

few published studies, Brown (2001) reported that manufacturing's role in new

product development is vital.

Flexibility, one aspect of manufacturing capability, is important as a means

of achieving a competitive advantage (Poolton & Barclay, 1998; Upton, 1995a),

and many have considered it the new competitive arena joining quality, cost, and

delivery. Ettlie (1998), in his research on 600 manufacturing firms in 20 countries,

reported that flexibility is important to the success of a company, and the existence

of flexibility is strongly associated with increased market share.

Manufacturing flexibility has been researched since the 1980s, with

research becoming more pervasive since the 1990s. Yet, little has been shown as to

how manufacturing flexibility relates to the success of new product development.

After reviewing previous research on manufacturing flexibility, Vokurka and

O'Leary-Kelly (2000) indicated that much more work is needed in examining the

relationship. One specific area mentioned for further research is defining or

identifying which dimensions of manufacturing flexibility contribute to the

performance of firms competing through new product development.

Before going any further in examining the relationship between

manufacturing flexibility and new product development, it should be realized that a

very important step in the efforts of understanding and improving manufacturing

flexibility is determining how to measure flexibility. Though it has been studied

for many years, measurement of manufacturing flexibility has not been adequately

understood. Flexibility classification or categorization remains a subject of

disagreement among researchers. Measures of manufacturing flexibility have not

been fully developed. D'Souza and Williams (2000) reported that, in general, most



researchers agree to the definition of manufacturing flexibility and to the fact that

manufacturing flexibility is a multidimensional concept. However, they differ

significantly on how to categorize manufacturing flexibility into its dimensions,

how to break it down into its elements, and on what measures to use for each

dimension.

1.2 Purpose

This research has two overall goals. The first goal focuses on the

measurement of manufacturing flexibility. Flexibility dimensions that have been

defined and measures that have been developed from previous research will be

identified. Relationships that might exist among those flexibility dimensions will

be examined and a hierarchical framework of the dimensions will be presented.

The second goal of the research will focus on testing and analyzing the

relationships between flexibility dimensions and new product performance.

Several other variables in manufacturing systems and new product development

will be included in the analysis.

Specifically, the objectives of this research are:

1. To develop comprehensive measures of manufacturing flexibility related to new

product development.

2. To test and develop the hierarchical relationships among the dimensions of new

product related manufacturing flexibility.

3. To test and understand the relationship between manufacturing flexibility and

new product performance.

4. To test and understand the roles of various manufacturing systems and several

factors of new product strategy (i.e., new product type and value creation mode)

in the relationship between manufacturing flexibility and new product

performance.



Measuring manufacturing flexibility and exploring its impact on new

product strategy and performance provide significant contributions to the body of

knowledge and to the manufacturing organizations. The three key deficits in

existing research include:

1. There is still a lack of comprehensive measures for manufacturing flexibility

(Braglia & Petroni, 2000; De Toni & Tonchia, 1998; Gerwin, 1993; Koste &

Malhotra, 1999; Vokurka & O'Leary-Kelly, 2000).

2. There is limited research on the relationship between manufacturing flexibility

and new product development (Vokurka & O'Leary-Kelly, 2000).

3. There is no well-established framework for connecting various dimensions of

manufacturing flexibility to new product performance. This framework is

important for managers of manufacturing organizations in their efforts to

improve new product performance.

1.3 Research Model

1.3.1 Measurement of Manufacturing Flexibility

The first goal of this research was to examine the measurement of

manufacturing flexibility. Manufacturing flexibility is widely understood as a

multi-dimensional concept, composed of many dimensions of flexibility (Gerwin,

1993; Gupta & Somers, 1992, 1996; Hyun & Ahn, 1992; Sethi & Sethi, 1990). For

example, machine flexibility, product-mix flexibility, and capacity flexibility all

contribute to manufacturing flexibility. Given the multi-dimensional nature of

manufacturing flexibility, it is appropriate that the discussion of manufacturing

flexibility proceed at the dimensional level.

As previously stated, this research will focus only on the manufacturing

flexibility dimensions as they relate to new product development. Through a



review of the literature, eight dimensions have been identified and are summarized

in Table 1.1. All eight of these new-product-related flexibility dimensions will be

the subject of this research and often referred to as a group as "manufacturing

flexibility".

Table 1.1 Manufacturing Flexibility Dimensions

Machine Flexibility
Labor Flexibility
Material Handling Flexibility
Operation Flexibility
Routing Flexibility
Capacity Flexibility
Modification Flexibility
New Product Flexibility

Two of the most cited new product related manufacturing flexibility

dimensions are modification flexibility and new product flexibility (Dixon, 1992;

Ettlie & Penner-Hahn, 1994; Gerwin, 1993; Koste & Malhotra, 1999; Sanchez,

1995; Suarez, Cusumano, & Fine, 1995, 1996; Williams & D'Souza, 1995). While

modification flexibility focuses on modifying existing products with minor

changes, new product flexibility focuses on introducing new products (Dixon,

1992; Gerwin, 1993; Sanchez, 1995; Suarez et al., 1995, 1996; Williams &

D'Souza, 1995).

Previous research suggests that modification and new product flexibility

have relationships with five other flexibility dimensions, which are machine (Chen,

Calantone, & Chung, 1992; Hyun & Ahn, 1992; Sethi & Sethi, 1990; Suarez et al.,

1995, 1996), labor (Chen et al., 1992; Hyun & Ahn, 1992; Gerwin, 1993), material

handling (Chen et al., 1992; Sethi & Sethi, 1990), operation (Hyun & Ahn, 1992;

Sethi & Sethi, 1990), and routing flexibility (Chen et al., 1992; Hyun & Ahn,



1992). Koste (1999) confirmed that the relationships among machine, labor,

material handling, routing, modification, and new product flexibility do exist.

Capacity flexibility refers to the capability of a manufacturer to vary

production volume to accommodate changes in demand (Chryssolouris, 1996).

Capacity flexibility is believed to have certain relationships with other flexibility

dimensions. Chandrashekar (1994) suggested that capacity flexibility have some

relationships with other dimensions, such as machine, labor, material, and routing

flexibility.

It is well recognized in previous research that relationships exist between

the dimensions of manufacturing flexibility. Based on those relationships, many

researchers have developed hierarchical models or frameworks for manufacturing

flexibility (Hyun & Ahn, 1992; Koste & Malhotra, 1999; Sethi & Sethi, 1990).

However, there is not agreement on which dimensions should be included nor on

the assignment of dimensions to a level in the hierarchy.

Figure 1.1 is a proposed framework for the dimensions of manufacturing

flexibility and illustrates the proposed hierarchy of the dimensions tested in this

study. This framework is influenced by the previous work by Hyun and Aim

(1992) and Koste and Malhotra (1999). Capacity flexibility is included in the

framework and placed at the 'Shop Floor' level because of its relationships with the

lower level dimensions and its possible impact to dimensions at the higher level.
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Manufacturing Flexibility for New Product Development

Framework Level

New Product Modification
Flexibility Flexibility

Capacity Operation Routing
Flexibility Flexibility Flexibility

OVERARCHING

SHOP FLOOR

OPERATIONAL

Figure 1.1 Proposed Framework for Manufacturing Flexibility

1.3.2 Relationships Model

The second goal of the research is to test and analyze the relationships

between the flexibility dimensions and new product performance. Defining

characteristics of a manufacturing system, new product type, and value creation

mode, has been included in the analysis. Figure 1.2 illustrates the hypothesized

relationships between the variables, manufacturing flexibility, and new product

performance.



Manufacturing Flexibility
Dimensions

Machine Flexibility

Labor Flexibility

Material Handling Flexibility

Operation Flexibility

Routing Flexibility

Capacity Flexibility

IModification Flexibility

New Product Flexibility

Product Change

Process Change

Product Focus

Process Focus

Market Focus

H2 H3

Hi

H4

IType of Manufacturing System I

Figure 1.2 Model of Hypothesized Relationships

Internal Performance

External Performance 1



Manufacturing System

Types of manufacturing system can be classified based on many different

factors. Miltenburg (1995) uses four factors (i.e., product variety, production

volume, plant layout, and material flow) to categorize manufacturing system.

Product variety represents the number of product types a manufacturing plant can

produce, ranging from very many product types to only one product type.

Production volume ranges from one or a few to very high volume of each product

type. Plant layout represents the way machines and production processes are

arranged inside the plant. Possible arrangements include functional, cellular, line

flow, and continuous flow layout. Material flow through the processes is

characterized by the flow regularity ranging from rigid to varied.

Following the classification by Miltcnburg (1995), six different

manufacturing systems were examined in this study. These systems are the Job

Shop, Batch Flow, Line Flow, Continuous Flow, Just-in-Time (JIT), and Flexible

Manufacturing System (FMS). Figure 1.3 shows a matrix of manufacturing

systems, developed by Miltenburg (1995).

New Product Type

Most researchers differentiate the type of new products developed into two

different categories, radical and incremental new products. Radical new products

are characterized by their higher risk, greater unpredictability, and greater

uncertainty (Kotler, 1997; Rice, O'Connor, Peters, & Morone, 1998). Furthermore,

radical new products require different organization structures and processes than

incremental new products do (Nord & Tucker, 1987) and require more resource

commitment (Wheelwright & Clark, 1992) and learning to develop new capabilities

(Sivadas & Dwyer, 2000).
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To distinguish the novelty level of different new product types,

Wheelwright and Clark (1992) used two constructs of product change and process

change. Further research by Tatikonda and Rosenthal (2000a) developed more

detailed measures for each construct. Product technology novelty, or product

change, includes the newness of the product architecture, product parts and

modules, while process technology novelty, or process change, includes the

newness of the manufacturing processes, flows and layouts, and manufacturing

tools.

Value Creation Mode

Value creation mode refers to how an organization designs and manages its

value creation process through new product development. In previous studies,

Research and Development (R&D), Manufacturing, and Marketing are recognized

as the primary drivers of a new product development effort (Gerwin, 1993;

Langerak, Peelen, & Commandeur, 1997; Malhotra, Grover, & Desilvio, 1996;

Ottum & Moore, 1997). Value creation mode will be measured by the roles of

these three drivers in new product development, from the initiation to the

realization of the new products. Additionally, it will be measured by resource

commitment, i.e., the degree to which a firm commits to concentrate its resources

and to delegate responsibilities in the new product development efforts. In its new

product strategy, the firm might opt to commit a large amount of resources and

delegate more responsibilities to R&D, manufacturing, or marketing functions.

Gobeli and Brown (1994) identify three foci of technological innovation

strategies. Maihotra et al. (1996) offer triads of new product development

framework with similar three foci. In this study, the three foci will be called value

creation modes. They are strategic modes that an organization can choose to focus
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on in its value creation effort through technological innovation and new product

development. The three value creation modes are:

Product focus

R&D is viewed as the primary driver in the new product development process.

Research and development activities are the key source of ideas to develop new

products. The firm concentrates on state-of-the-art R&D and leadership in

teclmical designs (Gobeli & Brown, 1994). The value creation process is

driven from an R&D perspective and often called technology push or

technology driven (Fox, Ganri, Shur, Von Glahn, & Zaas, 1998).

Process focus

Efficient operations and quality improvements are the top concerns of this focus

(Gobeli & Brown, 1994). The firm invests a great deal of resources in the

manufacturing area. New products often result from improvements in the

manufacturing or production processes.

Mirket focus

This is often called market driven new product development focusing on

assessing customer needs and using external customers for idea generation (Fox

et al., 1998). The primary driving force is marketing (Gobeli & Brown, 1994).

The firm puts a great deal of resources into marketing efforts including an

extensive analysis of market and customer needs.

New Product Performance

New product performance includes both internal and external performance

measures. 'Internal' is used to characterize a performance focused on the measures

within an organization. Examples of internal measures include how the new

product project is meeting its goals in product quality, cost, and time-to-market
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(Hauptman & Hirji, 1996; Zirger & Hartley, 1996). Market-oriented and other

external measures are outside the scope of internal measures. The performance of a

new product in the market that results in financial and sales-based measures will be

referred to as the external new product performance.

Internal New Product Performance

Internal performance is defined as the extent to which a new product is

meeting product performance, quality, cost, and time-to-market goals, as stated at

the start of the new product development project. Through a review of literature,

four items have been identified to measure internal new product performance. The

items are product quality, product performance, product cost, and time-to-market.

Research by Tatikonda and Rosenthal (2000b), also by Smith and

Reinertsen (1991), considers the main objectives of a new product development

project to be product performance, product quality, product cost, and time-to-

market. These objectives are set in place at the start of the new product

development project, and the achievement is evaluated at the completion of the

project.

Other research confirms that organizations developing new products often

set development schedule, cost, and product quality goals (Sheremata, 2000; Wind

& Mahajan, 1997). Goal attainment often is more important to these organizations

than the absolute speed, cost, or quality of development (Nord & Tucker, 1987).

Previous research, Sheremata (2000), has identified successful new product

development as attaining development schedule, cost, and product quality goals.

Clark and Fujimoto (1991) assert that product development performance

consists of product quality, lead-time, and productivity. Though product quality is

often understood as how well the product meets the demands of target customers,

the term 'quality' has a wide range of meanings. The quality of a product could
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include performance, features, reliability, and/or conformance (Garvin, 1984). For

this research, since performance and features represent the operating characteristics

of a product, both will be referred to as product performance. Reliability and

conformance will be called Product Quality.

The second aspect of performance, lead-time, is the length of time from the

start of concept generation to market introduction (Clark & Fujimoto, 1991).

However, the time of interest here is development time, which is the time from the

end of concept generation to delivery of the product to market. The rationale for

focusing on the time from concept generation to delivery is that organizations

typically do not set schedule, cost, and product quality goals until after a product

concept exists. In addition, generating a concept is a distinctly different task from

turning that concept into a product (Sheremata, 2000). This research will refer to

the lead-time as Time-to-Market.

The third aspect of performance, productivity, is concerned with the number

of resources required for product development (Clark & Fujimoto, 1991). This

includes costs of human resources, materials, equipment, and services. For this

research, productivity is incorporated in Product Cost.

External New Product Performance

A previous literature review of new product market success has identified

financial and sales-based measures as the most frequently used indicators of

external performance (Montoya-Weiss & Calantone, 1994). Because the primary

goal in launching a new product is to produce a profit, profitability is the most

frequently used measure of performance in studies of new product success (Storey

& Easingwood, 1999). Profit margin and Return on Investment (ROT) are two

popular measures for profitability. On the other hand, sales-based measures are

often used as performance measures, because they are an indication of the degree of
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power a firm has in the marketplace. Sales-based measures used in the literature

include total sales, market share, and sales growth. This research used all measures

of profit margin, Return on Investment, total sales, market share, and sales growth.

1.4 Research Hypotheses

Table 1.2 summarizes four research hypotheses that were tested in this

study. The first hypothesis examined the direct relationship between

manufacturing flexibility and new product performance. The other three

hypotheses introduced new product type, value creation mode, and manufacturing

system as moderating variables into the relationship between manufacturing

flexibility and new product performance. Each of the four hypotheses was tested

by twenty-four supporting hypotheses. The supporting hypotheses capture eight

dimensions of manufacturing flexibility and three measures of new product

performance (quality, cost and delivery, and market success).

Table 1.2 Summary of Research Hypotheses

Hypothesis One (Hi): Manufacturing flexibility has a significant relationship
with new product performance.

Hypothesis Two (H2): The relationship between manufacturing flexibility and
new product performance is moderated by new product type.

Hypothesis Three (H3): The relationship between manufacturing flexibility and
new product performance is moderated by value creation mode.

Hypothesis Four (H4): The relationship between manufacturing flexibility and
new product performance is moderated by the type ofmanufacturing
system.
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Previous research provides a conceptual basis for the hypothesized

relationships. Conceptual evidence for each hypothesis has been summarized in

the following section. In a review of the literature, Vokurka and O'Leary-Kelly

(2000) conclude that there is enough evidence to support the relationship between

manufacturing flexibility and new product performance. Olhager (1993) confirms

the impact of manufacturing flexibility on profitability. However, there are two

different analytical models of the relationship. The first model uses a direct

relationship between flexibility and performance (Gupta & Somers, 1996;

Swamidass & Newell, 1987; Vickery, Droge, & Markland, 1997). The second uses

a moderated or mediated model, in which the relationship between flexibility and

performance is evaluated in connection to other variables (Fiegenbaum & Karnani,

1991; Olhager, 1993; Parthasarthy & Sethi, 1993; Ward, Duray, Leong, & Sum,

1995). This study evaluated the presence of a direct relationship between

flexibility and new product performance and moderated relationship.

1.4.1 Hypothesis One

Hypothesis One (HI): Manufacturing flexibility has a sign ficant relationship with

new product performance.

Swamidass and Newell (1987) confirm that there is a significant

relationship between manufacturing flexibility and performance. Greater flexibility

contributes to better performance. Considering the multidimensionality and

complex definition of flexibility, Olhager (1993) notes that the relationship should

be analyzed on a dimensional basis since each dimension of flexibility might have a

different impact on performance.

This first hypothesis reflects the role of manufacturing flexibility in new

product performance. To test this hypothesis, individual relationships between
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eight dimensions of flexibility and three measures of new product performance

were tested. Twenty-four supporting hypotheses were developed to capture

twenty-four individual relationships. The supporting hypotheses are summarized in

Table 1.3.

Table 1.3 Supporting Hypotheses

Hypothesis One (Hi)

Manufacturing flexibility has a significant relationship with new product performance.

Hi-a: Machine flexibility has a significant relationship with quality.
1: Labor flexibility has a significant relationship with quality.

Hi-c: Material handling flexibility has a significant relationship with quality.
H1-d: Operation flexibility has a significant relationship with quality.
H1-e: Routing flexibility has a significant relationship with quality.

[ Capacity flexibility has a significant relationship with quality.
ff.L: Modification flexibility has a significant relationship with quality.
Hi-h: New product flexibility has a significant relationship with quality.
Hi-i: Machine flexibility has a significant relationship with cost and delivery.
f.j: Labor flexibility has a significant relationship with cost and delivery.
Hi-k: Material handling flexibility has a significant relationship with cost and

delivery.
Hi-I: Operation flexibility has a significant relationship with cost and delivery.
Hi-rn: Routing flexibility has a significant relationship with cost and delivery.
Hi-n: Capacity flexibility has a significant relationship with cost and delivery.
Hi-o: Modification flexibility has a significant relationship with cost and delivery.
jj: New product flexibility has a significant relationship with cost and delivery.
L&: Machine flexibility has a significant relationship with market success.

H1-r: Labor flexibility has a significant relationship with market success.
H1-s: Material handling flexibility has a significant relationship with market success.
Hi-t: Operation flexibility has a significant relationship with market success.
Hi-u: Routing flexibility has a significant relationship with market success.
H1-v: Capacity flexibility has a significant relationship with market success.
Hi-w: Modification flexibility has a significant relationship with market success.
Hi-x: New product flexibility has a significant relationship with market success.
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1.4.2 Hypothesis Two

Hypothesis Two (H2): The relationship between manufacturing flexibility and new

product performance is moderated by new product type.

The relationship between manufacturing flexibility and performance in

several previous studies was best explained using moderating or mediating

variables. Various moderating variables have been introduced, including

organizational attributes (Boyer, Leong, Ward, & Krajewski, 1997; Fiegenbaum &

Karnani, 1991; Parthasarthy & Sethi, 1993), business strategies (Parthasarthy &

Sethi, 1993), manufacturing structures (Parthasarthy & Sethi, 1993), technologies

(Boyer et al., 1997), and environmental factors (Ward et al., 1995).

The second hypothesis in this research tested the relationship between

manufacturing flexibility and new product performance with new product type as a

moderating variable. Previous research on new product development has studied

products with varying levels of product novelty. Previous studies have looked at

products with a low level of novelty, incrementally improved or modified products,

and at radical new products with high levels of novelty. Each category of new

product has different characteristics, including the level of risk, uncertainty, and

resource commitment. Furthermore, each new product type reflects certain

strategies and targets (Schilling & Hill, 1998). Kleinschmidt and Cooper (1991)

connect new product type to new product performance, where each type leads to a

certain level of success. On the other hand, each new product type also requires

certain changes in manufacturing processes and technologies (Wheelwright &

Clark, 1992). Incremental new products will likely require incremental changes in

processes.

The distinction between incremental and radical new products is believed to

have an important role based on previous studies of new product development. A

study by Dixon (1992), in an industry with modified new products, suggests that
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radical products. Rochford and Rudelius (1997) also considered new product type

as a moderating variable influencing new product development and performance.

In a third study, Ottum and Moore (1997) also used new product type as a

moderating variable in testing the relationship between marketing and new product

performance.

1.4.3 Hypothesis Three

Hypothesis Three (H3): The relationship between manufacturing flexibility and

new product performance is moderated by value creation mode.

Value creation mode is characterized by three different foci, which are

product focus, process focus, and market focus (Gobeli & Brown, 1994). Product

focus, characterized by a great deal of investment and resource commitment in

R&D activities, is found to positively impact market share performance. Product

focus together with agility provides an even bigger impact on performance (Ettlie,

1998). Though the term 'agility' was used, it was defined similarly to 'flexibility'.

Ettlie (1998) also found that R&D intensity is associated with computerization of

the manufacturing system and flexibility. In addition, flexibility is confirmed to

impact market share performance (Ettlie, 1998).

Chen et al. (1992) studied the roles of marketing and manufacturing in

enhancing firms' performance through manufacturing flexibility. They concluded

that in order to maximize the benefits of flexibility, manufacturing should play as

decisive a role as marketing. Many other studies also examined different roles

played by and given to R&D, manufacturing, and marketing in new product

development. The level of interaction and focus between the three functions

representing value creation modes appears to be a significant factor in formulating
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new product strategy. A high interaction between product focus and process focus

is significantly associated with technology-driven firms (Langerak et al., 1997).

Furthermore, Langerak et al. (1997) indicate that there is no unique solution on the

degree of collaboration between the three functions for all competitive

environments. The value creation mode, therefore, should be viewed as strategic

options allowing firms to focus on either one, two, or even all three modes to

achieve expected performances. The third hypothesis reflects how the value

creation mode moderates manufacturing flexibility in achieving higher new product

performance. Each value creation mode, i.e., product, process, and market focus, is

expected to have a significant correlation with a certain set of manufacturing

flexibility dimensions.

1.4.4 Hypothesis Four

Hypothesis Four (H4): The relationship between manufacturing flexibility and new

product performance is moderated by the type of manufacturing system.

Previous research suggests that each manufacturing system might have a

specific role in moderating the relationship between flexibility and performance.

This leads to the examination of the last hypothesis in this study, which introduces

manufacturing system as a moderating variable in the relationship. Many

researchers studied manufacturing flexibility in Flexible Manufacturing System

(FMS) settings. Examples are Chen and Chung (1996), Pyoun, Choi, and Park

(1995), and Das and Nagendra (1993). Chen and Chung (1996) found that

manufacturing flexibility improves performance, though they studied only machine

and routing flexibility. Stecke and Raman (1995) compared FMS and Job Shop

manufacturing systems in exploring the relationships among several flexibility

dimensions and performance. The authors reported that "the inverse relationship
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that exists between flexibility and productivity for conventional manufacturing

systems does not necessarily carry over to FMS's (Stecke & Raman, 1995, p. 82)."

From the previous research, it is suggested that different types of

manufacturing system might impact the nature of relationships between

manufacturing flexibility and new product performance. Several manufacturing

systems might positively facilitate the relationships, while others might not.
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2 LITERATURE REVIEW

2.1 Definition and Classification of Manufacturing Flexibility

Manufacturing flexibility has been researched since I 980s, with research

becoming more pervasive since the 1990s. Flexibility is defined as an ability to

adapt to various changes. Sethi and Sethi (1990) consider a manufacturing system

flexible if it is capable to adapt to a wide range of possible changes required to deal

with changes in environment. Gerwin (1993) defines manufacturing flexibility as a

capability of a manufacturing system to adjust its resources effectively in response

to internal and external changes. D'Souza and Williams (2000) consider

manufacturing flexibility an ability to respond appropriately to the changing

competitive environment. Similarly, Vokurka and O'Leary-Kelly (2000) define

manufacturing flexibility as an ability of a manufacturing system to respond to

changes in customer needs and in the competitive environment. Previous research

has shown an agreeable definition of manufacturing flexibility. The definition of

manufacturing flexibility could be summarized as an ability or capability ofa

manufacturing system to respond effectively to internal changes or external

changes including changes in customer needs and in the competitive environment.

The manufacturing flexibility can also be defined using its elements. Upton

(1995b) defines manufacturing flexibility using three elements of flexibility (i.e.,

mobility, range, and uniformity). The element of mobility represents an ability to

respond quickly to the changes, while the element of range represents an ability to

produce a wide range of products. Uniformity refers to an ability of a system to

keep comparably uniform performance, such as productivity and costs, when

switching to different products. The two elements of range and mobility were also

used by D'Souza and Williams (2000). Furthermore, Koste and Malhotra (1999)
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use four elements of flexibility (i.e., range-number, range-heterogeneity, mobility,

and uniformity) to define manufacturing flexibility. The concept of range is

divided into two different elements to distinguish between the number of products

and the heterogeneity of products. Mobility is indicated by the transition penalties

(e.g., time, cost, and effort) that might occur to move from one option to another.

Uniformity represents the similarity of product performance outcomes (e.g.,

quality, cost, and time) that might be affected when a system is responding to

changes (Koste & Malhotra, 1999).

Previous research has provided a general agreement of multidimensionality

of manufacturing flexibility (Vokurka & O'Leary-Kelly, 2000; D'Souza &

Williams, 2000; Koste & Malhotra, 1999; Hyun & AIm, 1992). To understand the

nature of manufacturing flexibility, the use of multiple dimensions is suggested.

The classification of manufacturing flexibility into its multiple dimensions has been

debated by researchers. They still differ considerably on what dimensions should

represent manufacturing flexibility (D'Souza & Williams, 2000). Overlapped

definitions for different dimensions were also reported. Table 2.1 summarizes

various dimensions of manufacturing flexibility used by researchers.
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Table 2.1 Review on the Dimensions of Manufacturing Flexibility

Dimension Author

Sethi & Sethi (1990), Gupta & Somers (1992), Hyun &

Machine Flexibility
Abri (1992), Upton (1994), Koste (1999), Koste &
Malhotra (1999), Braglia & Petroni (2000), Vokurka &
O'Leary-Kelly (2000)

Material Handling
Sethi & Sethi (1990), Gupta & Somers (1992), Koste

Flexibility
(1999), Koste & Maihotra (1999), D'Souza & Williams
(2000), Vokurka & O'Leary-Kelly (2000)
Sethi & Sethi (1990), Upton (1994), Chryssolouris

Operation Flexibility (1996), Koste & Maihotra (1999), Vokurka & O'Leary-
Kelly (2000)
Sethi & Sethi (1990), Gupta & Somers (1992), Hyun &

Process Flexibility
Ahn (1992), Upton (1994), Jordan & Graves (1995),
Sanchez (1995), Braglia & Petroni (2000), D'Souza &
Williams (2000), Vokurka & O'Leary-Kelly (2000)
Sethi & Sethi (1990), Gupta & Somers (1992), Hyun &

Routing Flexibility Ahn (1992), Gerwin (1993), Upton (1994), Braglia &
Petroni (2000), Vokurka & O'Leary-Kelly (2000)
Sethi & Sethi (1990), Hyun & Ahn (1992), Olhager

Product Flexibility
(1993), Upton (1994), Sanchez (1995), Chryssolouris
(1996), Koste & Maihotra (1999), Braglia & Petroni
(2000), Vokurka & O'Leary-Kelly (2000)
Sethi & Sethi (1990); Gupta & Somers (1992); Hyun &
Ahn (1992); Olhager (1993); Gerwin (1993); Ettlie &
Penner-Hahn (1994); Upton (1994); Suarez et al. (1995,

Volume Flexibility 1996); Williams & D'Souza (1995); Larso, Dunn, Paul,
& Chandrashekar (1998); Koste & Maihotra (1999);
Braglia & Petroni (2000); D'Souza & Williams (2000);
Vokurka & O'Leary-Kelly (2000)
Sethi & Sethi (1990), Hyun & Ahn (1992), Upton

Expansion Flexibility (1994), Koste & Maihotra (1999), Braglia & Petroni
(2000), Vokurka & O'Leary-Kelly (2000)

Program!Programming
Sethi & Sethi (1990), Gupta & Somers (1992), Hyun &

Flexibility
Ahn (1992), Upton (1994), Vokurka & O'Leary-Kelly
(2000)

Production Flexibility Sethi & Sethi (1990), Vokurka & O'Leary-Kelly (2000)

Market Flexibility
Sethi & Sethi (1990), Gupta & Somers (1992), Vokurka
& O'LearyKelly (2000)

Materials Flexibility Gerwin (1993)
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Table 2.1 (Continued)

Dimension Author

Dixon (1992), Hyun & Ahn (1992), Gerwin (1993),

Mix Flexibility Olhager (1993), Upton (1994), Sanchez (1995), Suarez
et al. (1995, 1996), Williams & D'Souza (1995), Larso
et al. (1998), Koste (1999), Koste & Malhotra (1999)
Dixon (1992), Gerwin (1993), Sanchez (1995),

Modification Flexibility Williams & D'Souza (1995), Koste (1999), Koste &
Maihotra (1999)

Changeover Flexibility Gerwin (1993), Sanchez (1995)
Dixon (1992), Suarez et al. (1995, 1996), Larso et al.

New Product Flexibility (1998), Koste (1999), Koste & Malhotra (1999),
Vokurka & O'Leary-Kelly (2000)

Delivery Time Olhager (1993), Suarez et al. (1995, 1996), Larso et al.
Flexibility (1998), Vokurka & O'Leary-Kelly (2000)
Control Flexibility Hyun & Ahn (1992)

Worker/Labor Hyun & Ahn (1992); Upton (1994); Koste (1999),

Flexibility Koste & Malhotra (1999); Vokurka & O'Leary-Kelly
(2000); Schultz, McClain, & Thomas (2003)

Capacity Flexibility Chandrashekar (1994), Chryssolouris (1996), Larso et
al. (1998)

Variety Flexibility Olhager (1993), D'Souza &Williams (2000)
Automation Flexibility Vokurka & O'Leary-Kelly (2000)
Layout Flexibility Braglia & Petroni (2000)
Lead time Flexibility Olhager (1993)
Customization

Olhager (1993)
Flexibility_______________________________________________________
Action Flexibility Upton (1994)
State Flexibility Upton (1994)
Design-change

Upton (1994)
Flexibility__________________________________________________________
Product & Production

Gupta & Somers (1992)Flexibility
Expansion & Market

Gupta & Somers (1992)
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2.2 Measures of Manufacturing Flexibility

Measurement of manufacturing flexibility is an important step in the efforts

toward understanding and improving flexibility of a manufacturing system.

Though it has been studied for many years, measurement of manufacturing

flexibility has not been adequately understood. Items to measure each flexibility

dimension have not been fully developed. However, literature review shows that

there is a progress on the development of the items. Significant contributors in the

development of measurement items for manufacturing flexibility include Sethi and

Sethi (1990), Gupta and Somers (1992), Koste (1999), Koste and Malhotra (1999),

and D'Souza and Williams (2000). In one of the most comprehensive studies in

flexibility measurement, Koste (1999) identified and tested measurement items for

six flexibility dimensions (i.e., machine flexibility, labor flexibility, material

handling flexibility, mix flexibility, new product flexibility, and modification

flexibility). For the purpose of this research, the following tables summarize

Koste's (1999) measurement items and definition for each of five related flexibility

dimensions. Mix flexibility was not included in this research.
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Table 2.2 Definition and Measurement Items for Machine Flexibility
(Source: Koste, 1999)

Dimension: Machine Flexibility
The number and heterogeneity (variety) of operations a machine can execute
without incurring high transition penalties or large changes in performance
outcomes

Element Item Measure
Range-Number
(R-N)

A large number of operations can be performed by more
than one machine.
A typical machine can use many different tools.
The number of different operations that a typical
machine can perform is high.

Range-Heterogeneity
(R-H)

Machine can perform operations which are not very
similar to one another.
Machines can perform various types of operations.
Machine can perform a variety of operations.
Machine can perform operations which differ greatly
from one another.

Mobility
(M)

Machine changeovers between operations are easy.
Machine set-ups between operations are quick.
Machine tools can be changed quickly.

Uniformity
(U)

All machines achieve similar performance across all
operations.
Machines are equally effective, in terms of productivity,
for all operations.
Machines are equally efficient for all processing
operations.
Machines are equally effective, in terms of quality, for all
operations.
Machines are equally reliable for all operations.
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Table 2.3 Definition and Measurement Items for Labor Flexibility
(Source: Koste, 1999)

Dimension: Labor Flexibility
The number and heterogeneity (variety) of tasks/operations a worker performs
without incurring high transition penalties or large changes in performance
outcomes.

Element Item Measure
Range-Number
(R-N)

Workers can perform a large number of tasks.
Workers are responsible for more than one task.
Workers are cross-trained to perform many different
tasks.
Workers posses many different skills.

Range-Heterogeneity
(R-H)

Workers perform a diverse set of tasks.
Workers can perform various types of tasks.
Workers can perform tasks which differ greatly from one
another.

Mobility
(M)

A short time delay occurs when workers are moved
between different tasks.
A small cost is incurred (in dollars) when workers are
moved between different tasks.
A small cost is incurred (in terms of lost productivity)
when workers are moved between different tasks.

Uniformity
(U)

Workers are equally effective, in terms of quality, for all
tasks.
Workers are equally efficient at all tasks.
Workers achieve similar performance levels for all tasks.
Worker choice does not affect the processing cost (in
dollar) of a task.
Workers are equally reliable for all tasks.
Workers are equally effective, in terms of productivity,
for all tasks.



Table 2.4 Definition and Measurement Items for Material Handling
Flexibility (Source: Koste, 1999)

Dimension: Material Handling Flexibility
The number of existing paths between processing centers and the heterogeneity
(variety) of material which can be transported along those paths without incurring
high transition penalties or large changes in performance outcomes

Element Item Measure
Range-Number
(R-N)

Material can be routed along many paths.
There are many different material handling paths
between processing centers.
There are a large number of material paths.

Range-Heterogeneity
(R-H)

The material handling system can transport materials of
different shapes.
The material handling system uses a large proportion of
general purpose pallets.
The material handling system can transport materials of
different sizes.
The material handling system can transport a wide
variety of materials.

Mobility
(M)

Changing a material handling path is easy.
Changing a material handling path is inexpensive.
Changing a material handling path is quick.
Material handling paths can be easily added.
Material handling paths can be easily removed.

Uniformity
(U)

The choice of material handling path does not affect the
material transfer time.
The choice of material handling path does not affect the
efficiency of material transfer.
The quality of materials is not affected by the material
handling path used.
The choice of material handling path does not affect the
material transfer cost (in dollars).
All material handling paths exhibit similar performance.
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Table 2.5 Definition and Measurement Items for Modification
Flexibility (Source: Koste, 1999)

Dimension: Modification Flexibility
The number and heterogeneity (variety) of product modifications that are
accomplished without incurring high transition penalties or large changes in
performance outcomes.

Element Item Measure
Range-Number A large number of products are modified to the
(R-N) customer's specifications.

The features of existing products are often modified.
Engineering change orders are often used to modify
products.
There are a large number of modified products produced
each year.
Existing product lines are frequently modified.

Range-Heterogeneity The product modifications made are fairly similar to one
(R-H) another.

Modified products are very similar to existing products.
Modified products are very different from each other.
Modified products are very different from existing
products.

Mobility Modified products can be made quickly.
The average cost of introducing modified products into(M)
full-scale production is low.
Product modifications are performed quickly.
The time to produce modified products is small.
Product modifications are easy to make.

Uniformity Productivity levels are not affected when a modified
(U) product is introduced into the manufacturing system.

Manufacturing system performance is not affected by the
production of modified products.
The average cost/unit of products is not affected when a
modified product is introduced into the production
system.
The quality of existing products is not affected when a
modified product is introduced into the manufacturing
system.
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Table 2.6 Definition and Measurement Items for New Product
Flexibility (Source: Koste, 1999)

Dimension: New Product Flexibility
The number and heterogeneity (variety) of new products which are introduced
into production without incurring high transition penalties or large changes in
performance outcomes.

Element Item Measure
Range-Number The number of new products introduced into production
(R-N) each year is high.

A large number of new product prototypes are produced
in the system each year.
A large proportion of our products has been introduced
within the past year.
A large number of new products are introduced each
year.

Range-Heterogeneity New products are very similar to existing products.
New products are incremental improvements of existing(R-H)
products.
New products are often extensions of existing product
lines.
New products are often improvements of existing
products.
New products are refinements of existing products.

Mobility The managerial effort required to introduce a new
(M) product into full-scale production is low.

The start-up cost (in dollars) of introducing new products
into full-scale production is low.
The number of months from the earliest stage of design
to production of a saleable product is low.
The time required to develop and introduce new products
is extremely low.

Uniformity Manufacturing system performance is not affected when
(U) a new product is introduced into the production system.

The quality of existing products is not affected when a
new product is introduced into the production system.
The average cost/unit of products is not affected when a
new product is introduced into the production system.
Productivity levels are not affected when a new product
is introduced into the production system.
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2.3 Hierarchies of Manufacturing Flexibility

The existence of relationships among various dimensions of manufacturing

flexibility has been reported in previous research (e.g., Sethi & Sethi, 1990; Hyun

& Ahn, 1992; Larso et al., 1998; Koste & Malhotra, 1999). Linkages between

these various dimensions suggest that there is a hierarchy among dimensions of

manufacturing flexibility. Review on prior literature revealed that several

hierarchies have been developed to represent the relationships among flexibility

dimensions. The major contributors in the development of the hierarchies include

Sethi and Sethi (1990), Hyun and Ahn (1992), and Koste and Malhotra (1999).

Sethi and Sethi (1990) proposed a hierarchy which includes eleven

dimensions of flexibility. These eleven dimensions were divided into three levels:

1. Component/Basic Flexibilities, consisting of machine, material handling,

and operation flexibilities,

2. System Flexibilities, consisting of process, routing, product, volume, and

expansion flexibilities,

3. Aggregate Flexibilities, consisting of program, production, and market

flexibilities.

Flexibilities in the Basic level provide support to flexibilities in the System level,

and in turn, influence flexibilities in the Aggregate level.

Hyun and Ahn (1992) offered three different points of view associated with

flexibility. Based on the functional structure of an organization, the Systems view

classifies flexibility dimensions into three levels (i.e., Business, Functional,

Component levels). In the Manufacturing functional level, manufacturing

flexibility consists of hardware and software aspects. Hardware flexibility includes

machine and routing flexibilities. Software flexibility includes control and worker

flexibilities. In order to be successful, both aspects should be managed in balance.

With the Environment-Associated view, flexibility is characterized by its

interaction with environmental uncertainties, either static or dynamic. Five
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dimensions of flexibility (i.e., Expansion, Product, Mix, Volume, and Program

flexibilities) posses both static and dynamic components. The last point of view is

the Decision-Hierarchical view consisting of three decision aspects (i.e., long-

term/strategic, mid-term/tactical, and short-term/operational decisions). Program

flexibility is considered a short-term/operational flexibility. Volume flexibility is

considered a mid-term/tactical flexibility. Process, product, and expansion

flexibilities could be considered either mid-term/tactical or long-term strategic

flexibilities depending on the characteristics of the environment (i.e., static or

dynamic).

Koste and Malhotra (1999) offered a hierarchy of flexibility dimensions,

which includes five levels (i.e., Strategic Business Unit, Functional, Plant, Shop

Floor, and Individual Resource). In the Manufacturing functional level, ten

dimensions of manufacturing flexibility were placed into three levels:

1. Plant level, consisting of new product, modification, volume, expansion,

and mix flexibilities,

2. Shop Floor level, consisting of routing and operation flexibilities,

3. Individual Resource level, consisting of material handling, machine, and

labor flexibilities.

This hierarchy suggests that the lower level flexibilities support flexibilities at the

higher level.

2.4 New Product Development

New product development plays an important role in the success of today's

businesses. Research on new product development has been conducted for

decades, but prior literature suggests that the failure rate of new product

development efforts is still considered high (Poolton & Barclay, 1998). The nature

of new product development is a broad and complex subject comprising of steps
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from research to marketing and surrounded by various internal and external

uncertainties. The next sections review several factors in the new product

development, relevant to this research, in order to contribute toward more

understanding on the subject of new product development.

2.4.1 New Product Type

Most researchers differentiate the type of new products developed into two

different categories, which are radical and incremental new products. Previous

researchers have concluded that radical new products require different organization

structures and processes (Nord & Tucker, 1987). Radical new products require a

greater concentration of resources, are riskier, more unpredictable and uncertain

than incremental new product. Radical new products tend to require more time to

develop the products and more time to develop new capabilities (Sivadas & Dwyer,

2000).

The novelty of new product type, referred to by some as technology

novelty, is a major contributor to task uncertainty in new product development

(Tatikonda & Rosenthal, 2000a; Wheelwright & Clark, 1992). Tatikonda and

Rosenthal (2000) studied two dimensions of the novelty. Product technology

novelty, also known as product change, includes the newness of the product

architecture, product parts, and modules, while process technology novelty, also

known as process change, includes the newness of the manufacturing flows and

layouts, manufacturing tools, and process stages.
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2.4.2 Value Creation Mode

The value creation mode refers to an organization's focus on its value

creation process through new product development. The value creation mode

involves two aspects, i.e., the primary driver of new product development efforts

and resource commitment. The primary driver refers to the function in the

organization that will contribute the most in new product development efforts from

the initiation to the realization of new products. Typically, the primary drivers are

people from three functional areas, i.e., Research & Development (R&D),

Manufacturing, and Marketing. The resource commitment refers to the degree to

which a firm will dedicate its resources to new product development efforts. In

developing new product strategy, a firm might spend a large amount of resources in

the R&D area, the manufacturing area, and/or the marketing area.

Gobeli and Brown (1994) identify three foci of technological innovation

strategy. Those are:

Product focus

R&D is viewed as the primary driver in the new product development process.

Although R&D should listen to the customers, they are not the key source of

ideas for new product development. The firm concentrates on state-of-the-art

R&D and in leadership in technical designs (Gobeli & Brown, 1994). The

decision process is driven from R&D perspective and often called technology

push or technology driven (Fox et al., 1998).

Process focus

Efficient operations and quality improvements are the top concerns of this

approach (Gobeli & Brown, 1994). The firm commits a great deal ofresources

in the manufacturing area. New products often result from improvements in the

manufacturing or production processes.



Market focus

This is often called market driven new product development. With market

focus, product development is centered on assessing customer needs and using

external customers for idea generation (Fox et al., 1998). The primary driving

force is marketing (Gobeli & Brown, 1994). The firm commits resources to

marketing efforts including an extensive analysis of market and customer

needs.

2.4.3 New Product Performance

Internal New Product Performance

The internal new product performance is the degree to which an individual

new product project achieves its original objectives. The word 'internal' is used to

characterize that the performance focus is on the internal dimensions inside the

organization, which is how the new product project is meeting its goals in product

quality, cost, and time-to-market. It is an internal measure (Hauptman & Hirji,

1996) and multidimensional (Zirger & Hartley, 1996). However, market-oriented

and other external measures are beyond this internal scope. The performance of

new product in the market that results in financial- and sales-based dimensions will

be referred to as the External New Product Performance. It will be reviewed in the

next sub-chapter.

Organizations that develop new products have set development schedule,

cost, and product quality goals (Sheremata, 2000; Wind & Mahajan, 1997). Goal

attainment often is more important to these organizations than the absolute speed,

cost, or quality of development (Nord & Tucker, 1987). Further, Sheremata (2000)

identifies that successful new product development is related to the organization

attaining the targeted development schedule, cost, and product quality goals.
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Clark and Fujimoto (1991) assert that new product performance consists of

the dimensions of design quality, cost of development, and lead-time. Design

quality is how well the product meets the demands of target customers. The term

'quality' has a very wide range of possible meanings. The quality of product could

include performance, features, reliability, and/or conformance (Garvin, 1984).

Since performance and features represent the operating characteristics of a product,

both will be referred to as product performance. Then, reliability and conformance

will be referred to as product quality.

A third dimension is the cost of development, or the total financial and

human resources required to complete the new product development project.

Finally, lead-time is the length of time from the start of concept generation to

market introduction. However, the time of interest here is development time,

which is time from the end of concept generation to delivery of the product to

market. The reason for defining lead-time in this way is that organizations

typically do not set schedule, cost, and product quality goals until a product concept

exists. In addition, generating a concept is a distinctly different task from turning

that concept into a product (Sheremata, 2000). This research will refer to the time

between the end of concept generation and the delivery of the product to market as

Time-to-Market.

Previous research has consistently asserted that primary objectives for a

new product development project are product performance, product quality,

product cost, and time-to-market (Smith and Reinertsen, 1991; Tatikonda &

Rosenthal, 2000b). These objectives are set in place by the start of the new product

development project, and their achievement is evaluated at the completion of the

project.

From the literature, this research will use Product Performance, Product

Quality, Product Cost, and Time-to-Market as the dimensions of Internal New

Product Performance. The internal performance is defined as the extent to which a
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new product is meeting product performance, quality, cost and time-to-market

goals, as stated at the start of the new product development project.

External New Product Performance

Recent review on new product success in the market have identified

financial- and sales-based measures as the most frequently used indicators of

performance (Montoya-Weiss & Calantone, 1994). Because the primary goal in

launching a new product is to produce a profit, the profitability is the most

frequently used measure of performance in studies of new product success (Storey

& Easingwood, 1999). Sales-based measures are often used as performance

measures, because they are an indication of the degree of power a firm has in the

marketplace. Sales-based measures used in the new product development literature

include the level of sales, market share, and sales growth.

In this research, both sales performance and profitability will be examined.

Sales performance reflects on the performance of the new product in the

marketplace. Sales performance consists of measures of total sales, market share,

and sales growth. In addition, sales performance also includes sales measures

relative to planned objectives. Profitability includes both the level of profits and

profits against planned objectives.



3 METHODOLOGY

This chapter describes the methodology that has been applied for this

research. An explanation of the process from the identification of item measures to

the assessment of survey results has been included. The chapter consists of a

methodological overview and a discussion of item measure development,

questionnaire development, and survey administration.

3.1 Overview

Figure 3.1 shows an outline of the methodology for this research. The

discussion of methodology consists of four sections including Item Measure

Development, Questionnaire Development, Survey Management, and Data

Analysis. Data Analysis is discussed in Chapter 4.

Item measures were identified, developed, and justified for all variables

included in the study. Most item measures were based on previous research. Some

measures were specifically developed for this study. Q-sort analysis and interviews

were conducted to test the clarity and relevance of the measures. Validity was

assessed for the new measures. Measure refinement was completed before

measures were included in the questionnaire.

Questionnaire development was influenced by the Total Design Method

(TDM) developed by Dillman (1978). The development process followed

suggestions by Salant and Dillman (1994). The Total Design Method intends to

assure that each aspect of the survey processes, from developing the questionnaire

to survey administration, leads to the best possible responses to the questionnaire.

Furthermore, pilot tests, assessment of validity and reliability, and refinement were

included to obtain the best possible questionnaire.
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3.2 ITEM MEASURE DEVELOPMENT

3.2.1 Identification of Item Measures
3.2.2 Q-Sort and Interview
3.2.3 Validity Assessment

3.3 QUESTIONNAIRE DEVELOPMENT

3.3.1 Construction of Initial Questionnaire
3.3.2 Pilot Test
3.3.3 Validity and Reliability Analyses
3.3.4 Refinement

3.4 SURVEY ADMINISTRATION

3.4.1 Survey Plan
3.4.2 Survey Implementation
3.4.3 Response Analysis

4 DATA ANALYSIS
(Presented in Chapter 4 FIND[NGS)

Figure 3.1 Research Methodology



Steps in Survey Administration included survey planning, implementation,

and post-survey analysis. Target industry, sample frame, and sample size were

chosen and determined. TDM principles were applied in conducting the mail

survey. Analysis of post-survey results included aggregate respondent profile,

response rate analysis, and non-response bias assessment.

The final step of the methodology described is Data Analysis. Data

obtained from the survey was analyzed by employing appropriate statistical

methods in order to test all research hypotheses. Validity and reliability

assessments were generated as well. Data analysis results are summarized

separately in Chapter 4.

3.2 Item Measure Development

3.2.1 Identification of Item Measures

Measures for manufacturing flexibility, manufacturing system, new product

type, value creation mode, and new product performance were largely identified

through a review of the literature. New items were developed and added for

measures that could not be identified from literature. This process resulted in

multiple-item measures for each construct except for manufacturing system.

Manufacturing Flexibility Measures

This study measures eight dimensions of flexibility. For each dimension,

measurement items were identified and developed using four elements of flexibility

to assure an adequate coverage of the dimension. Items were identified from

previous research. Items for five of the eight dimensions were identified mainly
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from Koste (1999). Items for three other dimensions (i.e., operation flexibility,

routing flexibility, and capacity flexibility) were developed following Koste and

Malhotra's (1999) approach using four elements of flexibility to assure an adequate

coverage of the flexibility domain. In each element, multiple items were

developed. As a result, the number of items identified and developed for each

dimension ranged between 13 and 18.

Manufacturing System Measures

This construct identifies the production system that is in use at the plant

being studied. It is measured using six categories of manufacturing system, which

are Job Shop, Batch Flow, Line Flow, Continuous Flow, Just-in-Time (JIT), and

Flexible Manufacturing System (FMS).

New Product Type Measures

The variable of New Product Type measures the degree to which a new

product is considered a radical or incremental new product. This variable consists

of two constructs, which are product change and process change. Product change

was measured by three survey items, focused on the newness of product parts,

newness of product modules, and newness of product architecture. Process change

was measured by three survey items, which are the newness of the manufacturing

processes, of manufacturing flows and layouts, and of manufacturing tools.
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Value Creation Mode Measures

Value creation mode consists of three constructs, which are product focus,

process focus, and market focus. The three foci closely represent R&D,

Manufacturing, and Marketing functions. Measures for each dimension were

developed based on the roles of each function in product initiation, realization

processes, and the resource commitment the firm put into each function. The

measures covered the function's roles in a specific project and in the company-wide

new product development efforts. As a result, each construct of value creation

mode had six items developed, consisting of initiation role, decision role,

contribution during development, role in the company's new product development,

resource control, and responsibility.

New Product Performance Measures

New product performance consists of nine items from internal product

performance and external performance. From internal product performance, four

items were identified: product performance, product quality, product cost, and

time-to-market. Five items from external product performance were identified:

total sales, market share, sales growth, profit margin, and return on investment

(ROl).

3.2.2 0-sort and Interview

Analysis using Q-sort technique was conducted to evaluate the clarity and

relevance of newly developed items. The newly developed items were the only
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target in this analysis since these items had not been previously tested and their

validity and reliability were not known.

The goal of a Q-sort analysis is to sort each item and to match each item to

a specific construct. The degree of matching between the construct and its items

represents the level of clarity of items and of the construct. The Q-sort analysis

also indicates the level of association between items and the construct that they

intend to measure. Follow-up interviews were conducted to address items in which

the analysis indicated a lack of clarity, ambiguity, and/or a wording issue.

A group of eight practitioners and graduate students participated in the

analysis process. They reviewed items for three flexibility dimensions (i.e.,

operation flexibility, routing flexibility, and capacity flexibility). The percentages

of correct identification of items to each dimension are shown in Table 3.1.

Table 3.1 Q-sort Analysis on Item Measures

Dimension
Correct Identification

to Dimension

Operation Flexibility 97 %

Routing Flexibility 95 %

Capacity Flexibility 97 %

Item measures developed for all three flexibility dimensions showed high

level of performance in the Q-sort analysis. At least 95 % of the items were

correctly identified to represent their associated dimension. During the analysis,

some clarity and wording issues were reported. Through interviews, the concerns

were addressed by rewriting several items to improve their clarity.



3.2.3 Validity Assessment

A good measurement instrument must meet two key criteria. The

instrument must be valid and reliable. Validity refers to the extent to which the

instrument measures what it is supposed to measure. Reliability refers to the

accuracy or consistency of the measurement instrument. Reliable instruments

provide consistent results at different times under different conditions. Content

validity was the first criteria assessed.

The content validity of an instrument refers to "the extent to which it

provides adequate coverage of the topic under study" (Cooper & Emory, 1995,

page 149). The determination of content validity is subjective. Three approaches

have been used to assure that adequate domain has been covered and coverage of

each dimension of manufacturing flexibility is sufficient. The three approaches

used were (1) the collection of items from a large number of publications and

authors, (2) the identification and development of items based on the dimension's

elements, and (3) the opinion of experts through the Q-sort analysis.

The item identification process involved an extensive review of research

publications by many authors. The reviewed literature ranged from early research

on manufacturing flexibility and new product development to the most recently

published research. The publications included both national and international

journals and as a result covered findings from countries throughout the world.

Additionally, the literature reviewed included results from different industrial

sectors including service, chemical, automotive, and electronics.

Items for each dimension of manufacturing flexibility were developed to

encompass all four elements of flexibility defined by Koste and Maihotra (1999).

Items for each element (i.e., Range-Number, Range-Heterogeneity, Mobility, and

Uniformity) help ensure the comprehensiveness of the measures.

Content validity was further confirmed as a result of the experts' opinions

solicited in the Q-sort analysis for three flexibility dimensions (i.e., operation
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flexibility, routing flexibility, and capacity flexibility). The results ensure that

developed items adequately cover the content for each dimension.

As a result of Q-sort analysis and follow-up interviews, six items were

deleted and eight others were modified for clarity. The resulting items are

presented in Appendix A. Each of the four elements of flexibility was represented

by multiple items. Items for all variables were identified, developed, and refined.

3.3 Questionnaire Development

A mail survey was used to gather data from organizational respondents.

This method of data collection is widely used in organizational research for many

reasons. Besides its relatively low cost, it allows researchers to collect data from a

large sample of population (Greer, Chuchinprakarn, & Seshadri, 2000). It also

provides ample time for respondents to respond to the questions. Mail surveys also

allow respondents to maintain confidentiality.

Despite its many advantages, there are some concerns related to the use of

mail surveys. One concern is the potential for survey bias resulting from low

response rates. Two important factors, questionnaire design and administration, are

essential to mitigate this potential issue. The development of the questionnaire and

the administration of survey activities must be designed to produce the best

possible response to questionnaire items and the highest possible response rate. For

this reason, the Total Design Method (TDM) was followed for this research. The

TDM was utilized in questionnaire development and in the administration of survey

activities. The potential of non-response bias was also evaluated post-hoc (after the

survey was administered).
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3.3.1 Construction of Initial Questionnaire

Writinj Questions

Writing good questions is an important step for the success of a mail

survey. The writing process was characterized by:

avoiding the use of emotional and biased words

structuring the questions to ensure credible information

identifying questions that the respondents are able and willing to answer.

TDM principles were exercised throughout the writing process. The principles

included the use of simple and specific words and the use of short, not-too-

demanding, non-objectionable questions.

Structurinj Questions

Almost all of the questions were closed-ended with ordered response

choices. Each question provided a range of response choices representing a

continuum from the lowest level to the highest level of a single concept.

Respondents answered the question by finding the most appropriate level on the

continuum. Compared to open-ended questions, this kind of questions is less

demanding and easier for respondents to answer, and they also facilitate coding and

analysis of responses by the researcher.

Scaling techniques, which use multiple-item measures for one construct, are

often applied to measures of attitudes or beliefs (Salant & Dillman, 1994). For

examining multiple-item measures, the structure of closed-ended questions with

ordered response choices is ideal. After evaluating and comparing three scales, i.e.

Guttman, Thurstone, and Likert scales, Kline (1993) concluded that Likert scales

are the best for measuring attitudes. Likert scales, developed by Likert (1932),
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typically use 5 or 7 scale options to capture the response for each question (Kline

1993). The options could range from STRONGLY DISAGREE to STRONGLY

AGREE, from MUCH WORSE to MUCH BETTER, or use other responses, which

are relevant to the questions. Seven-point Likert scales were used in this research

due to their higher reliability (Braglia & Petroni, 2000) without significantly

compromising the clarity of scale points.

Ordering questions in the questionnaire is another important step in efforts

to improve response rates. More useful or important questions were placed earlier

in the questionnaire. Demographic or general questions were placed at the end of

the questionnaire. In addition, the early questions should be easy to answer to

maintain a respondent's participation. Another TDM principle utilized was the

grouping of questions with similar content. As a result of these principles, common

questions on new product characteristics and performance were placed earlier in the

questionnaire than more detailed and specific questions on flexibility dimensions.

Form attinji the Questionnaire

The questionnaire was formatted as a booklet that could be folded into a

4.125 x 9.5 inch envelope for mailing with one first-class stamp. The initial

questionnaire was printed on ivory-color paper and contained 12 pages including

front and back covers.

In designing the individual page-by-page format, the goal was to make it as

easy as possible for respondents to move from one question to another and to

record their responses. The following TDM principles were used to facilitate page-

by-page formatting:

. Provide brief directions on how to answer the questions

. Use transition sentences for continuity and smooth flow



Use multiple-column design for multiple items with the same response

options

Avoid splitting questions across pages

Use lowercase letters for questions and uppercase letters for responses.

3.3.2 Pilot Test

Pilot testing the questionnaire or pre-testing was completed. Three

objectives were achieved as a result of the pilot test. First, the pilot test was used to

solicit feedback for questionnaire improvement. Second, the pilot test was used

pre-evaluate issues associated with survey administration. Third, pilot testing was

used to evaluate the performance of measure items. Both the format of the

questionnaire and the clarity of each question, including its response options were

assessed following the pilot. Key aspects of survey administration, such as

identifying the sample frame, organizing the mailings, and analyzing the responses

were also addressed. Finally, preliminary information on the validity and reliability

of measure items for each research variable was assessed. Results from the pilot

survey are summarized below.

This study targeted U.S. electronic manufacturers, whose Standard

Industrial Classification (SIC) code is 367, as the population of interest. A sample

of sixty companies was randomly selected for pilot testing. The contact names and

addresses of the selected companies were then collected. The intended respondent

for the questionnaire was an individual at the selected company who was familiar

with the operations of the manufacturing plant and who had some understanding or

involvement in new product development projects. The target individual was

expected to hold a position such as the President, Vice President of

Engineering/Operations/Manufacturing, General Manager, Plant Manager,

Manufacturing Engineer, etc.



In the pilot testing, the targeted respondents were sent an initial

questionnaire by mail. The questionnaire contained ordered directions instructing

the respondent to fill out the questionnaire, fill out the general checklist of items

focused on the questionnaire format, and identify individual questions that needed

rewording or any other feedback that the respondent wished to share. In addition to

completing the survey, the respondents to the pilot could provide qualitative

feedback on the clarity of the instructions, questions, response options, or the

questionnaire in general.

Out of 60 questionnaires initially sent, five were not deliverable due to

unknown address or expired forwarding time. Later, two companies were found to

be out of business. Five new companies were randomly selected to replace them.

Twenty-four completed questionnaires were returned, resulting in a response rate of

40%. Several studies using surveys in the similar industries reported their response

rates ranging from 21% to 32% (Greer et al., 2000; Langerak et al., 1997; Lynn,

Abel, Valentine, & Wright, 1999). The use of postage-paid return envelope and the

availability of contact names and addresses contributed to the comparably higher

response rate.

The profile of the respondents is shown in Tables 3.2 and 3.3. Table 3.2

reports that 87.50 % of the respondents were managers in relevant more than 4

years in their positions and more than 15 years with their companies, on average.

In general, the questionnaires had reached the intended targets, and the

respondents' positions and experience assured their familiarity with the subject of

the study.
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Table 3.2 Respondents' Job Titles (Pilot Test)

Job Title Percentage

President/Chairman/CEO/Owner 16.67

Vice President/Director/COO Engr./Ops./Mfg. 25.00

General Manager 8.33

Manager Mfg./Ops./Prod./Plant 37.50

Engineer Mfg./Prod./Process 12.50

Table 3.3 Respondents' Years of Experience (Pilot Test)

Experience Years

Average years in position 4.3

Average years with the company 15.7

Despite the high response rate, a concern of potential non-response bias still

needs to be addressed. A small-scale assessment was conducted by contacting six

non-respondents. This assessment revealed that the non-respondents' general

characteristics were similar to those of the respondents. The characteristics

assessed included organizational size, industry sector, and respondents' years of

experience in position and organization.

3.3.3 Validity and Reliability Analyses

Content validity was assessed as part of item measure development.

Following the pilot test, the analysis was focused on reliability and construct

validity assessment.
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Item Analysis and Reliability

Item analysis is intended to evaluate the performance of items in measuring

the intended variable. Poorly performing items should be discarded from the

measurement instrument. The statistical information that can be used to analyze

item performance is the correlation of each item with the total score, known as the

item-to-total correlation (Nurmally, 1978). A low value for this correlation

represents the existence of a low performing item. Cronbach's coefficient alpha

was assessed and used as the indicator to select items to discard from the

instrument to achieve high reliability. High performing items were identified from

this analysis and the level of reliability for each variable, as measured by

Cronbach's alpha, was calculated.

Tables 3.4 3.11 summarize the item analyses for each of the

manufacturing flexibility dimensions. Each table contains information on item-to-

total correlations, Cronbach's alphas, and the decision made on whether an item

would be maintained or discarded. Every action taken generated a new set of

information on the correlations and new Cronbach's alphas, and identified the next

action. The final set of items was found at the point where deleting any remaining

items would not increase the Cronbach's alpha. The summary tables show the

correlations and alphas assuming targeted items were deleted, summarizes all

actions taken in subsequent iterations, indicates the resulting Cronbach's alphas for

the final set of items, and notes the final number of items to be included.
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Table 3.4 Item Analysis and Reliability for New Product Flexibility

Alpha before actions: .8455 (n = 15)
Alpha after all actions: .9730 (n = 7)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V6A .9878 .8164
V6B -.1890 .8558 4.delete(a=.9373)
V6C -.2774 .8836 1. delete (a= .8836)
V6D -.1890 .8558 3. delete (a= .9207)
V6E .9135 .8158
V6F .9878 .8164
V6G .9135 .8158
V6H .0640 .8600 2. delete (a= .905 5)
V61 .3 509 .8436 7. delete (a= .9603)
V6J .9286 .8069
V6K .7206 .8 192 6. delete (a= .9567)
V6L .9862 .7935
V6M .0000 .8675 5. delete (a= .9492)
V6N .9042 .8053
V60 .3509 .8436 8. delete (a= .9730)
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Table 3.5 Item Analysis and Reliability for Modification Flexibility

Alpha before actions: .6935 (n = 15)
Alpha after all actions: .98 16 (n 4)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V7A .9627 .5869 7. delete (a= .9554)
V7B .3054 .6791
V7C .6492 .6176 4. delete (a= .8462)
V7D .5892 .6407
V7E .3054 .6791
V7F -.1997 .7 191 9. delete (a= .9709)
V7G -.5000 .7479 1. delete (a= .7479)
V7H -.1997 .7191 10. delete (a= .98 16)
V71 -.62 18 .7260 8. delete (a= .9682)
V7J .5892 .6407
V7K .4582 .6537 11.delete(a=.9841)
V7L .5000 .6605 5. delete (a= .8837)
V7M .5000 .6605 6. delete (a= .9274)
V7N .1723 .7027 2. delete (a= .7738)
V70 .3974 .6660 3. delete (ct= .8112)

Table 3.6 Item Analysis and Reliability for Capacity Flexibility

Alpha before actions: .7775 (n 11)
Alpha after all actions: .992 1 (n = 5)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V8A .4039 .7636 5. delete (ct= .9795)
V8B .3592 .7686 4. delete (a= .9728)
V8C .9449 .7012
V8D .6061 .7359 6. delete (a= .992 1)
V8E -.9991 .8973 1. delete (a= .8973)
V8F .9982 .6846
V8G .9449 .7012
V8H .9449 .7012
V81 .9982 .6846
V8J -.0 109 .8047 2. delete (a= .9229)
V8K .3054 .775 3 3. delete (a= .9469)
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Table 3.7 Item Analysis and Reliability for Routing Flexibility

Alpha before actions: 0.3 862 (n = 11)
Alpha after all actions: 0.7890 (n = 5)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V9A -.3420 .4646 2. delete (a= .7078)
V9B .3847 .3247 5. delete (a= .7828)
V9C . 4782 .3685 6. delete (a= .7890)
V9D . 9745 -.6328
V9E .0024 .445 8 3. delete (cx= .75 87)
V9F .7413 -.5652
V9G .8236 -.7946
V9H -.5960 .5236 1. delete (a= .5236)
V91 .1757 .2613 4. delete (az= .7734)
V9J .6565 .3383
V9K .7436 .0244

Table 3.8 Item Analysis and Reliability for Operation Flexibility

Alpha before actions: 0.4734 (n = 11)
Alpha after all actions: 0.9462 (n = 4)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V1OA -.7680 .6580 2. delete(a= .8198)
V1OB .6719 .3814
V1OC .9608 .2137
V1OD .5960 .3119
V1OE .0000 .5037 4. delete (a= .9286)
V1OF -.9646 .6071 3. delete(a= .8855)
VIOG .9986 .0285 7. delete (a= .9462)
V1OH .9959 -.1587 5.delete(u=.9316)
ViOl .9449 .3351 6. delete (a= .9325)
V1OJ .6719 .3814
V1OK -.6547 .7202 1. delete (a= .7202)
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Table 3.9 Item Analysis and Reliability for Material Handling Flexibility

Alpha before actions: -.6306 (n = 13)
Alpha after all actions: .9669 (n = 7)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V11A -.9897 .4230 1. delete(ciL= .4230)
V11B -.9148 .1179 3. delete (a= .8733)
V11C -.9148 .1179 4. delete(a= .9567)
V11D .9245 -1.5222 6. delete (a= .9669)
VilE -.9998 .3610 2.delete(a=.7571)
VhF .9245 -1.5222
V11G .9245 -1.5222
V11H .4271 -1.6806
Viii .7146 -1.8280
V11J .7206 -2.6667
V11K .9449 -2.6883
V11L .5000 -1.1800 5.delete(a=.9659)
V11M .9449 -2.6883

Table 3.10 Item Analysis and Reliability for Machine Flexibility

Alpha before actions: .09 17 (n = 11)
Alpha after all actions: .9999 (n = 5)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V12A .7559 -.4762

V12B -.9177 .5263 1. delete (a= .4230)
V12C .7559 -.4762
V12D -.9 177 .5263 2. delete (a= .7634)
V12E .7559 -.4762
V12F -.9177 .5263 3. delete(a= .8958)
V12G .7559 -.4762 5. delete (a= .9677)
V12H .7559 -.4762 6. delete (a= .9999)
V121 -.2774 .2564 4. delete (a= .9573)
V12J .7559 -.4762
V12K .7559 -.4762
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Table 3.11 Item Analysis and Reliability for Labor Flexibility

Alpha before actions: .9705 (n = 15)
Alpha after all actions: .9850 (n = 7)

Items
Item-to-Total

.Correlation
Alpha if item

.is deleted Iteration

V13A .9912 .9658
V13B .9919 .9694 5. delete (a= .9825)
V13C .9107 .9676 6. delete (a= .9841)
V13D .7978 .9691 4. delete (a= .9810)
V13E .5792 .9725 1. delete (a= .9725)
V13F .5792 .9725 2. delete (a= .9753)
V13G .5792 .9725 3. delete (a= .9792)
V13H .7741 .9694 7. delete(o= .9854)
V131 .9732 .9655
V13J .9732 .9655
V13K .9905 .9653
V13L .9141 .9691 8. delete (a= .9850)
V13M .8768 .9675
V13N .9912 .9658
V130 .8768 .9675

Table 3.12 summarizes all remaining (or selected) items for each of the

manufacturing flexibility dimensions. Cronbach's alphas, as measures of scale

reliability, are also reported for all dimensions. All but one constructs had

Cronbach's alphas of at least 0.9462. The construct for Routing Flexibility had the

lowest alpha of 0.7890. Each dimension of manufacturing flexibility included four

to seven items.
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Table 3.12 Measure Items for Manufacturing Flexibility Dimensions

Dimension
(Cronbach' s Alpha)

Measure Items

New Product Flexibility
(.9730)

(A) The number of new products introduced into production
each year is high.
(E) New products are very different from existing products.
(E) New products are radical improvements of existing
products.
(G) New products create platforms for new product lines.
(J) The start-up cost (in dollars) of introducing new products
into full-scale production is low.
(L) Manufacturing system performance is not affected when
a new product is introduced into the production system.
(N) The average cost/unit of products is not affected when a
new product is introduced into the production system.

Modification Flexibility
(.98 16)

(B) The features of existing products are often modified.
(D) There are a large number of modified products
produced each year.
(E) Existing product lines are frequently modified.
(J) Modified products can be made quickly.

Capacity Flexibility
(.992 1)

(C) The existing capacity can adjust to a large number of
production volume changes.
(F) The existing capacity can handle a high variation in
volume changes.
(G) Capacity changes can be made quickly.
(H) Capacity changes can be made economically.
(I) Changes in capacity do not increase time delays.

Routing Flexibility
(.7890)

(D) A route can process products/parts, which differ greatly
to one another.
(F) A route can process a variety of products/parts.
(G) Route changes can be made quickly.
(J) Alternate routes do not increase costs.
(K) Alternate routes do not decrease quality of
products/parts.



Table 3.12 (Continued)

Dimension
(Cronbach' s Alpha)

Measure Items

Operation Flexibility
(.9462)

(B) The ordering of several operations for a part/product
type can be done in many different ways.
(C) There are a large number of interchanges or
substitutions of operations.
(D) There is a large variety of interchanges or substitutions
of operations.
(J) Alternate sequencing plans do not increase costs.

Material Handling
Flexibility

(.9669)

(F) The material handling system can transport materials of
different sizes.
(G) The material handling system can transport a wide
variety of materials.
(H) Changing a material handling path is inexpensive.
(I) Changing a material handling path is quick.
(J) The choice of material handling path does not affect the
material transfer time.
(K) The choice of material handling path does not affect the
efficiency of material transfer.
(M) The choice of material handling path does not affect the
material transfer cost (in dollars).

Machine Flexibility
(.9999)

(A) Typical machines can use many different tools.
(C) Machines can perform operations, which are not very
similar to one another.
(E) Machines can perform a high variety of operations.
(J) Machines produce equal quality for all operations.
(K) Machines are equally reliable for all operations.

Labor Flexibility
(.9850)

(A) Workers can perform a large number of tasks.
(I) A small cost is incurred (in dollars) when workers are
moved between different tasks.
(J) A small productivity is lost when workers are moved
between different tasks.
(K) Workers perform all tasks with equal quality.
(M) Choice of worker does not affect the processing cost (in
dollar) of a task.
(N) Workers are equally reliable for all tasks.
(0) Workers are equally productive for all tasks
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In addition to the reliability analysis of manufacturing flexibility measures,

Cronbach's alphas were also generated for other variables included in the study.

Details for these analyses are summarized in Table 3.13.

Table 3.13 Cronbach's Alphas

Construct No. of
Items

Cronbach's
Alpha

New Product Type (NPT) 8 .7302
Value Creation Mode (VCM) 6 .7890
Internal New Product Performance (NPP-I) 4 .8767
External New Product Performance (NPP-E) 5 .9274
New Product Flexibility (MF1-NP) 7 .9730
Modification Flexibility (MF2-MO) 4 .98 16
Capacity Flexibility (MF3-CA) 5 .992 1

Routing Flexibility (MF4-RO) 5 .7890
Operation Flexibility (MF5-OP) 4 .9462
Material Handling Flexibility (MF6-MH) 7 .9669
Machine Flexibility (MF7-MA) 5 .9999
Labor Flexibility (MF8-LA) 7 .9850

The table shows that all constructs had Cronbach's alphas of at least 0.7302.

For established scales, a coefficient alpha of 0.70 or higher is considered

acceptable, while 0.60 or higher is acceptable for new scales (Nunnally, 1978).

Constructs for flexibility dimensions, in particular, showed high reliability with all

at least 0.7890 and most above 0.9. Also, measures for external new product

performance were highly reliable. This result was as expected since the measure

items have been well established and widely used in previous research.

Construct Validity

Construct validity concerns the underlying construct being measured by the

instrument. The constructs could be factors or variables involved in the research.
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The determination of construct validity involves subjective and objective

evaluation (Balian, 1994; Cooper & Emory, 1995). The subjective evaluation is

often based on the common use and validity of the constructs in the previous

research. As an objective evaluation, Factor Analysis is usually applied to develop

constructs or factors within each instrument.

The use of Factor Analysis in assessing construct validity is not

recommended in the early stage of instrument construction (Nunnally, 1978). Such

analyses are seldom highly successful and extremely laborious. As an example,

Factor Analysis requires at least ten subjects (or respondents) per item. For this

research, Factor Analysis was completed for the larger data set obtained in the final

survey administration.

3.3.4 Refinement

The refinement process was conducted as a result of the item analysis on

flexibility dimensions. For each dimension, low performing items were eliminated.

Table 3.12 summarized the measure items for each flexibility dimension used in the

final questionnaire. Each construct, i.e. flexibility dimension, had multiple-item

measures ranging from four to seven items.

During the pilot test, respondents were also asked to provide feedback on

the questionnaire, either regarding the clarity of concepts, instructions, questions,

and answers, or an evaluation of the questionnaire as a whole. Several wording and

order changes were suggested and followed in the development of the final

questionnaire. An unimportant question was identified and then deleted. In

categorizing 'manufacturing systems', the initially open-ended question was

replaced by a partially closed-ended question with six identified manufacturing

systems as the primary answer options.
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The length and the size of the questionnaires were also identified as

concerns. The final questionnaire was reduced to eight pages of half legal-size (8.5

x 14 in.) paper. This was a substantial reduction from the initial twelve pages of

letter-size (8.5 x 11 in.) paper. This reduction in size was an important factor in

increasing the professional look of the questionnaire and in making the

questionnaire less burdensome for respondents.

Qualitative feedback focused on the variables of 'new product type' and

'value creation mode'. Though Cronbach's alphas were considered acceptable for

both of these variables, they were low compared to others used in the survey.

Refinement of the items associated with these concepts was expected to improve

reliability. Some of the wording used for 'new product type' were revised. The

use of eight-measure items for the 'new product type' variable was also reviewed

using a larger data set from the final survey.

Significant revision was completed on the items associated with the 'value

creation mode' variable. The feedback received focused primarily on the need for a

different scale. Rewriting the measure items for this new scale produced two

important benefits. First, it allowed the use of seven-point Likert scales for the

variable. Second, this revision resulted in three independent constructs

representing three different value creation modes. The value creation modes

developed were product focus, process focus, and market focus.

The questionnaire development processes included the application of TDM

principles, pilot testing, and assessment of validity and reliability. The

questionnaire resulting from these processes was expected to be valid and reliable

in measuring the constructs, and to result in the best possible responses and the

highest possible response rate in the administration of the final research survey.

The final questionnaire is included in Appendix B.
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3.4 Survey Administration

As suggested by Salant and Dillman (1994), at every step, survey

administrators should always try to minimize errors. The four types of errors are

coverage error, sampling error, measurement error, and non-response error. The

existence of these errors cannot be completely eliminated, but a lack of attention to

the potential of these errors could hamper the success of a survey. The efforts

taken to improve response rate were focused on reducing non-response errors. In

addition, the previous two sections have addressed measurement errors through the

development of valid and reliable measure items and a carefully designed

questionnaire for data collection.

Since the success of a survey depends not only on the quality of

questionnaire, but also on how survey activities are administered, this section will

cover the survey plan and its implementation. The survey plan contained details

related to the determination of a targeted industry and respondents and the design

of survey sampling, which primarily addresses the coverage and sampling errors. In

addition, the plan also impacts the measurement errors by targeting the 'right'

industry and respondents. Survey implementation details step-by-step activities in

managing contacts with respondents, such as sending questionnaires, postcards, and

other follow-ups based on TDM principles. These actions in implementation were

expected to increase the response rate and, as such, lower the non-response errors.

The section concludes with reports summarizing the analyses of general

information collected from the survey. The first assessment evaluates the response

rate. The second assessment summarizes the profiles of the survey sample and

respondents. The final assessment is focused on addressing the potential of non-

response errors.
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3.4.1 Survey Plan

3.4.1.1 Targeted Industry

The electronic manufacturing industry is an ideal setting in which to

examine the relationship between manufacturing flexibility and new product

development. After surveying nearly 600 CEOs in the U.S. electronics industry,

Rayner (1991) reported that technological innovation and adaptation to changes in

competitive environments are the two most compelling issues in the industry. Both

new product development and flexibility are highly relevant to these issues. In

particular, this study emphasizes the critical aspects of new product design and

development in the survival of a company in the industry.

The U.S. electronic manufacturing industry was the target for the research.

This industry (SIC code 367) comprises eight industrial sectors (Standard Industrial

Classification Manual, 1987), and covers 6,42lmanufacturing companies, as of

February 22, 2002 (Harris Manufacturers Directory, 2002). The SIC codes,

industrial sectors, and the number of companies in each sector are shown in the

Table 3.14.

Table 3.14 Targeted Industry

SIC Code Industrial Sector Number of
Companies

3671 Radio & TV Receiving Electron Tubes 50
3672 Printed Circuit Boards 1,403
3674 Semiconductors 877
3675 Electronic Capacitors 127
3676 Electronic Resistors 58
3677 Electronic Coils & Transformers 210
3678 Electronic Connectors 188
3679 Electronic Components, NEC* 3,508

Total 6,421
*NEC Not Elsewhere Classified



3.4.1.2 Unit ofAnalysis and Targeted Respondent

Most studies of manufacturing flexibility have been conducted either at a

single plant or at a strategic business unit (SBU). Vokurka and O'Leary-Kelly

(2000) reported that the use of a SBU as a unit of analysis might face an important

problem due to the different levels of flexibility across multiple plants within the

SBU. A single plant is considered more appropriate as a unit of analysis for

manufacturing flexibility research. This research used a single plant as a unit of

analysis. All manufacturing flexibility dimensions included in the research were

covered in the scope of a single plant.

The use of a plant as a unit of analysis is limited, however, when the goal of

the study is to examine the effect of manufacturing flexibility on firm performance

(Vokurka & O'Leary-Kelly, 2000). It is not easy to evaluate the contribution of an

individual plant, among many others in the firm, to the overall performance of the

firm. In this study, the interest was not on firm performance, but on new product

performance. The evaluation was based on a specific new product that had been

most recently developed in and completed at an individual plant. Thus, the

examination of the relationship between manufacturing flexibility and new product

performance could be conducted on the same basis.

Considering the unit of analysis was a single manufacturing plant, the

targeted respondent should be someone familiar with the operations of the

manufacturing plant as a whole entity and who had some understanding or

involvement in new product development projects. The person could include the

President, Vice President of Engineering, Operations, or Manufacturing, General

Manager, Plant Manager, Operations Manager, Production Manager,

Manufacturing Engineer, or someone similar. This targeted respondent should

possess adequate knowledge to accurately complete the questionnaire.

Collecting data from organizational managers was consistent with previous

studies in the areas of manufacturing flexibility and new product development. For
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example, Parthasarthy and Sethi (1993) targeted managers with titles such as

President, Vice President, Chief Operating Officer, or General Manager for having

strategic responsibilities and possessing knowledge about manufacturing

technologies. Tatikonda and Rosenthal (2000a) and Verganti (1999) focused on

managers as having a broad view and the technical knowledge of product

development proj ects.

3.4.1.3 Sampling Frame and Survey Sample

The sampling frame is a list of targeted population members from which a

survey sample will eventually be drawn. The list used in this study contained all

6,421 electronic manufacturers in the U.S. under SIC code 367 and was obtained

from the Harris Manufacturers Directory (2002).

Vokurka and O'Leary-Kelly (2000) summarized the use of surveys in

manufacturing flexibility studies and found that the average sample size used was

115. Only three out often surveys had sample sizes of more than 150. Having a

sample size of at least 200 with the population size of about 6,000 will result in a

sampling error of between ± 5% and ± 10% with a 95% confidence level (Salant &

Dillman, 1994). After taking into account survey costs and response rates from

previous studies (between 21% and 32 %), 730 companies were selected for the

study.

The 730 companies were randomly drawn from the sampling frame of

6,42lcompanies using a simple random sampling design. A simple random

sampling design assures that each unit has equal probability of being selected in the

sample and that "every possible combination of n units is equally likely to be the

sample selected" (Thompson, 1992, page 11).



3.4.2 Survey Implementation

Survey implementation basically managed contacts with respondents in

order to achieve a higher response rate. The activities included sending the

questionnaire, thank-you and reminder postcard, and other follow-ups. No pre-

notification or advance-notice letter was sent. Pre-notification letters were costly

due to the number of mailings. In addition, pre-notification letters are not

considered effective in stimulating response rates for business respondents (Greer

et al., 2000).

The first activity was sending a questionnaire using first-class mail to each

potential respondent. The contents of this first mailing included a cover letter, a

questionnaire, and a postage-paid return envelope. The cover letter was written for

a single purpose only, which was to invite participation in this research. Its

contents included a brief explanation of the research purpose, sponsorship,

confidentiality, and intended respondent, as well as brief information on how to

proceed with the questionnaire, and contact information. The cover letter is shown

in Appendix B.

The three most important factors in industrial surveys are the study content,

sponsorship, and a postage-paid return envelope (Greer et al., 2000). All three

were addressed in the cover letter. And, together with the short questionnaire and

the inclusion of postage-paid return envelope, they helped contribute to a

reasonably high response rate.

Within two weeks after the first mailing, respondents were sent postcards to

thank them for returning the surveys, to remind them about the questionnaire, and

to inquiry as to whether or not a questionnaire replacement was needed. The

postcard is included in Appendix B following the questionnaire.

In the following three weeks, follow-up contacts were conducted with

potential respondents who asked for new questionnaires, who had questions, or

who wanted to discuss the study. These contacts were completed primarily through
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phone calls and email. In the follow-up phase, 105 sets of new questionnaires,

cover letters, and postage-paid envelopes were sent.

3.4.3 Response Analysis

Table 3.15 shows the number of questionnaires sent and the number of

complete responses received for each SIC code. The last column is the number of

questiormaires that did not reach the intended respondents and were returned

because of unknown addresses.

Table 3.15 Summary of Survey Responses

SIC
Code

Populati-
on Size

Number of
Questionnaires

sent

Complete
Responses

Undeliver-
ables

% of
Response

3671 50 12 7 1 63.6

3672 1403 152 49 32.2

3674 877 79 17 4 22.7

3675 127 17 6 35.3

3676 58 19 12 1 66.7

3677 210 35 19 - 54.3

3678 188 28 10 1 37.0

3679 3508 388 153 6 40.1

Total 6421 730 273 13 38.1

Table 3.16 shows the distribution of response times. The response time was

measured as the time from sending the questionnaire to receiving the completed

questionnaire.



Table 3.16 Distribution of Response Time

t 2 weeks 2 <t 4 weeks t > 4 weeks

62% 31% 7%

time from sending a questionnaire to receiving complete responses

About 93% of the completed responses came back within 4 weeks of the

mailing. The earliest response was at 6 days and the latest response was received

43 days after sending the questionnaire. The average response time was 15 days.

Profiles of Survey Sample and Respondents

The sample covered all industrial sectors of the electronic manufacturing

industry. Their contribution percentages to the sample can be seen in Table 3.17.

More than half of the sample was electronic companies, which are not classified

elsewhere in the first 7 industrial sectors. But, this large portion of SIC code 3679

in the sample resembled the similar portion of its existence in the population.

Companies in this sector had various primary products, such as electrical wiring

harness, power supplies, power conditioning products, frequency control products,

automotive sensors, appliance switches, diode assemblies, and other electronics for

automotive, aerospace, and medical equipment.



Table 3.17 Industrial Sectors of Survey Sample

SIC
Code

.Industrial Sector Population
Percentage

Sample
Percentage

3671 Radio & TV Receiving Electron Tubes 0.78% 2.56%

3672 PrintedCircuitBoards 21.85% 17.95%

3674 Semiconductors 13.66% 6.23%

3675 Electronic Capacitors 1.98% 2.20%

3676 Electronic Resistors 0.90% 4.40%

3677 Electronic Coils & Transformers 3.27% 6.96%

3678 Electronic Connectors 2.93% 3.66%

3679 Electronic Components, NEC 54.63% 56.04%

Total 100% 100%

The organization size represents the number of employees in the

organization, either at an individual plant or company-wide. Table 3.18

summarized the organization size. The size ranged from 25 or fewer to more than

1,000 employees. More than 65% of the plants had between 51 and 250

employees. About 26 % had 50 employees or less, while about 8% remaining had

more than 250 employees in the plant. Company-wide, almost 40% of the sample

had 100 or fewer employees, about 32% had between 101 and 500 employees, and

30% other companies had more than 500 employees. The profile illustrates that the

sample spans a variety of organization sizes: small, medium, and large companies.
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Table 3.18 Organization Size of Survey Sample

Organization Size

[Iii--

II_2
rr_.__

0 Plant

20 I Company

1 23 4567
Size

No. Organization
Size

Percentage of
Plant Size

Percentage of
Company Size

1 25orless 12.58 11.26

2 26-50 13.91 7.28

3 51-100 41.06 19.87

4 101-250 24.50 29.14

5 251-500 4.64 2.65

6 501-1000 1.32 15.89

7 1001 or more 1.99 13.91

The profile of the survey respondents is shown in Tables 3.19 and 3.20.

More than 80% of the respondents were managers in relevant fields with adequate

experiences, more than 6 years in their positions and more than 11 years with their

companies, on average. In general, the questionnaires had reached the intended

targets. The respondents' positions and experience assured their familiarity with

the operations of the manufacturing plant as a whole entity and their broad

knowledge of new product development projects.
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Table 3.19 Respondents' Job Titles (Survey)

Job Title Percentage

President/ChairmanlCEO/Owner 11.90

Vice President/Director/COO Engr./Ops./Mfg. 19.05

General Manager 11.90

Manager Mfg./Ops./Prod./Plant 40.48

Engineer Mfg./Prod./Process 16.67

Table 3.20 Respondents' Years of Experience (Survey)

Experience Years

Average years in position 6.3

Average years with the company 11.1

Respondents sampled in the survey were single informants in their

individual plants. Using multiple informants for each plant is one strategy for

avoiding possible bias and incompetence; however, the cost associated with this

strategy was not acceptable. The relevant knowledge and experience of

respondents to the survey topic decreased the possibility of incompetence. In

addition, the varied job titles and positions of respondents within their

organizations minimized the potential of respondent bias.
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Response Rate

Out of 730 questionnaires sent, 13 were not deliverable due to unknown

address or expired forwarding time. 273 completed questionnaires were returned,

resulting in a response rate of 38%. Several studies using surveys in similar

industries reported their response rates ranging from 21% to 32% (Greer et al.,

2000; Langerak et al., 1997; Lynn et al., 1999).

Greer et al. (2000) noted that the response rates of industrial or business

populations usually are lower than those of consumer populations due to work

preoccupation, confidentiality, or company's rules and policies. In addition, it is

harder to obtain respondents' identities prior to the survey. A response rate of

38%, that might be low for consumer surveys, exceeded expectation for industrial

surveys. Contributing factors included efforts to find respondents' general

identities (e.g., names, titles, and addresses) and the use of TDM principles,

especially in questionnaire development. Other factors might be the attractiveness

of study content, sponsorship, confidentiality, and the use of postage-paid return

envelopes.

Non-Response Bias

Non-response bias is a potential error when the non-responding group

possesses significantly different characteristics from the ones of the responding

group. This error limits the ability to extend the results to the general population.

In this study, non-response bias was addressed by collecting data on general

characteristics of the non-responding companies to allow comparisons between the

two groups. General data, such as organizational size, industry sector, and

respondents' experience were obtained from 34 companies. The results found no

significant differences in characteristics between responding and non-responding
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companies. Another analysis was conducted to address the concern by comparing

the respondent characteristics between early and late responses. This approach

resulted in a similar conclusion that no significant differences were found between

the two groups.

Non-response bias was also assessed by investigating three key variables

(i.e., new product flexibility, market success, and years of experience with

company) across eight different industrial sectors. The goal was to evaluate

whether the different sectors produce different responses and whether a post-

stratification adjustment was needed. Analyses of variance were utilized to

examine the differences across eight industrial sectors. There were no significant

differences across the industrial sectors so that a post-stratification was not

followed. On all three selected variables, the analyses resulted in p-values of

greater than 0.1.
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4 FINDINGS

This chapter presents the results of the analysis of the final survey data.

The results of various statistical analyses employed to validate the use of all

measures involved to investigate the nature of manufacturing flexibility

measurement and to examine the relationships between variables of interest are

discussed. The statistical analyses include simple descriptive statistics, Correlation

Analysis, Cronbach's alpha, Hierarchical Cluster Analysis, Factor Analysis, and

Sign Tests.

4.1 Findings on the Measurement of Research Constructs

Measurement analysis was intended to assess important properties of all

constructs used in this study. The properties for a good construct include

unidimensionality, validity, and reliability (Nunnally & Bernstein, 1994).

Unidimensionality, often referred to as convergent validity, was evaluated

on each variable involving multiple-item measures. The objective is to assess

whether the measures converge to a single construct or factor. Factor analysis was

employed to examine if all measure items load on a single construct or factor.

Item-to-total correlations and Cronbach's alpha coefficients were generated as

additional criteria in achieving the unidimensionality of measure items for a

construct.

While unidimensionality or convergent validity indicates if items are

measuring a common construct, discriminant validity is used to assess whether or

not items are measuring only the intended construct, not other constructs. In Factor

Analysis, the items should not load significantly on any other constructs other than

the intended construct.
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Factor analysis is also very useful in assessing three types of validity, which

are predictive, content, and construct validity.

Factor analysis mainly is important to predictive validity in suggesting
predictors that will work well in practice. Factor analysis is important to
content validity in suggesting how to revise instruments. Factor analysis
provides some of the tools needed to define internal structures and cross
structures for set of variables in construct validity (Nunnally & Bernstein,
1994, pages 111-112).

Reliability was assessed using Cronbach's alpha coefficient. This

coefficient is a measure of internal consistency since its value is based on the

average correlation among items within a construct. Nunnally (1978) notes that

Cronbach's alpha provides a good estimate of reliability and should be evaluated

first.

4.1.1 Factors and Measures for Manufacturing Flexibility

Manufacturing flexibility variables consists of eight constructs representing

the eight dimensions of manufacturing flexibility. The eight constructs are:

1. New Product Flexibility

2. Modification Flexibility

3. Capacity Flexibility

4. Routing Flexibility

5. Operation Flexibility

6. Material Handling Flexibility

7. Machine Flexibility

8. Labor Flexibility
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Analysis of unidimensionality was conducted for each construct using loadings and

cross-loadings from Factor Analysis, Item-to-Total Correlations, and Cronbach's

alpha coefficients.

New Product Flexibilltv

To measure the new product flexibility construct, seven items were tested

for unidimensionality. In the first iteration, Factor Analysis was conducted on the

seven items. Item-to-total correlations and Cronbach's alphas were calculated.

Table 4.1 summarizes the results of these analyses. Item v4b, which is 'new

products are very dfferent to existing products' , was removed due to low loading,

high cross-loading, and low item-to-total correlation. By removing the item,

Cronbach's alpha improved from .5970 to .6156.

In the second iteration, similar analyses were conducted on the remaining

six items. Item v4c, which is 'new products are radical improvements of existing

products', was removed due to low loading, high cross-loading, and low item-to-

total correlation. Removing the item for unidimensionality changed Cronbach's

alpha slightly from .6 156 to 6147.

In the third iteration, item v4d, which is 'new products create platforms for

new product lines', was removed due to low loading, high cross-loading, and low

item-to-total correlation. By removing the item, Cronbach's alpha improved from

.6 147 to .6622.

In the fourth iteration, item v4a, which is 'the number of new products

introduced into production each year is high', was removed due to low loading,

high cross-loading, and low item-to-total correlation. By removing the item,

Cronbach's alpha improved from .6622 to .695 1.

In the fifth iteration, with three items remaining, Factor Analysis resulted in

the extraction into one component only (Appendix C shows the output of the Factor

Analysis). All three items loaded into one factor. At this point, the analysis was
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completed since the three items have shown their unidimensionality for the new

product flexibility construct. The Cronbach's alpha for the remaining three items is

0.695 1.

Table 4.1 Unidimensionality of New Product Flexibility Measures (n273)

Alpha before actions: .5 970 (n = 7)
Alpha after all actions: .695 1 (n = 3)

iteration I (action: remove v4b)
Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v4a .517 .298 .614 .5421

v4b -.148 .685 .315 .6156

v4c .069 .718 .452 .5770

v4d .139 .822 .580 .5471

v4e .767 -.139 .532 .5683

v4f .858 -.032 .660 .5030

v4g .667 .051 .586 .5454

iteration 2 (action: remove v4c)
Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v4a .472 .298 .631 .5640

v4c -.038 .718 .426 .6147

v4d .059 .822 .533 .6014

v4e .688 -.139 .642 .5424

v4f .882 -.032 .694 .5087

v4g .749 .051 .569 .5849
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Table 4.1 (Continued)

iteration 3 (action: remove v4d)
Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v4a .315 .697 .654 .5595

v4d -.090 .851 .455 .6622

v4e .671 .230 .656 .5372

v4f .889 .085 .750 .4620

v4g .772 -.038 .631 .5580

iteration 4 (action: remove v4a)
Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v4a .527 .714 .636 .6951

v4e .716 .263 .703 .5917

v4f .869 -.237 .809 .4710

v4g .715 -.501 .691 .6083

iteration 5
Measure

Item
Loadmg*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v4e .711 .732 .7296

v4f .904 .878 .3536

v4g .755 .761 .6854

* Only I component was extracted.
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Modification Flexibility

To measure the modification flexibility construct, four items were tested for

unidimensionality. In the first iteration, Factor Analysis was conducted on the four

items. Item-to-total correlations and Cronbach's alphas were calculated. Table 4.2

summarizes the results of these analyses. Item v4k, which is 'modfIed products

can be made quickly', was removed due to low loading, high cross-loading, and

low item-to-total correlation. By removing the item, Cronbach's alpha improved

from .7879 to .8740.

Table 4.2 Unidimensionality of Modification Flexibility Measures (n=273)

Alpha before actions: .7879 (n = 4)
Alpha after all actions: .8740 (n 3)

iteration I (action: remove v4k)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v4h .801 .071 .789 .7393

v4i .933 .188 .926 .5955

v4j .926 .080 .879 .6497

v4k .120 .992 .484 .8740

iteration 2

Measure

Item
Loading*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v4h .802 .822 .9453

v4i .951 .942 .7255

v4j .929 .919 .7741

* Only 1 component was extracted.



In the second iteration, with three items remaining, Factor Analysis resulted

in the extraction into one component. All three items loaded into one factor. At

this point, the analysis was completed since the three measure items have shown

their unidimensionality for the modification flexibility construct. The measures

provide the coefficient of Cronbach's alpha of .8740.

Capacity Flexibility

To measure the capacity flexibility construct, five items were tested for

unidimensionality. In the first iteration, Factor Analysis was conducted on the five

items. Item-to-total correlations and Cronbach's alphas were calculated. Table 4.3

summarizes the results of these analyses.

Table 4.3 Unidimensionality of Capacity Flexibility Measures (n=273)

Alpha: .8701 (n = 5)
iteration I

Measure

Item
Loading*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v41 .849 .839 .8317

v4m .825 .816 .8403

v4n .878 .879 .8178

v4o .778 .786 .8523

v4p .723 .734 .8675

* Only 1 component was extracted.

Factor Analysis resulted in the extraction into one component only. All five

items loaded into one factor showing their unidimensionality for the capacity

flexibility construct. The measures show high item-to-total correlations and

provide the coefficient of Cronbach's alpha of .8701.
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RoutinR Flexiljilitv

To measure the routing flexibility construct, five items were tested for

unidimensionality. In the first iteration, Factor Analysis was completed using the

five items. Item-to-total correlations and Cronbach's aiphas were calculated.

Table 4.4 summarizes the results of these analyses. Item v5a, which is 'a route can

process products/parts, which dffer greatly to one another', was removed due to

low loading, high cross-loading, and low item-to-total correlation. By removing

the item, Cronbach's alpha improved from .79 10 to .8400.

In the second iteration, similar analyses were conducted on the remaining

four items. Item v5d, which is 'alternate routes do not increase costs', was

removed due to low loading and high cross-loading. Removing the item for

unidimensionality improved Cronbach's alpha from .8400 to .8493.

In the next iteration, with three items remaining, Factor Analysis resulted in

the extraction into one component. All four items loaded into one factor. At this

point, the analysis was completed since the three measure items have shown their

unidimensionality for the routing flexibility construct. The measures provide the

coefficient of Cronbach's alpha of .8493.



Table 4.4 Unidimensionality of Routing Flexibility Measures (n=273)

Alpha before actions: .79 10 (n 5)
Alpha after all actions: .8493 (n = 3)

iteration I (action: remove v5a)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v5a .021 .958 .585 .8400

v5b .575 .694 .847 .7018

v5c .884 .176 .820 .7089

v5d .763 .053 .677 .7724

v5e .856 .186 .811 .7233

iteration 2 (action: remove v5d)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v5b .861 .127 .790 .8126

v5c .753 .473 .883 .7503

v5d .242 .952 .734 .8493

v5e .842 .303 .876 .7630

iteration 3

Measure

Item
Loading*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v5b .826 .827 .8525

v5c .891 .890 .7641

v5e .902 .912 .7328

* Only 1 component was extracted.



Operation Flexibility

To measure the operation flexibility construct, four items were tested for

unidimensionality. In the first iteration, Factor Analysis was conducted on the four

items. Item-to-total correlations and Cronbach's aiphas were calculated. Table 4.5

summarizes the results of these analyses. Item v5i, which is 'alternate sequencing

plans do not increase costs', was removed due to low loading, high cross-loading,

and low item-to-total correlation. By removing the item, Cronbach's alpha

improved from .7956 to .9067.

Table 4.5 Unidimensionality of Operation Flexibility Measures (n=273)

Alpha before actions: .795 6 (n 4)
Alpha after all actions: .9067 (n = 3)

iteration 1 (action: remove v5i)
Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v5f .803 .383 .885 .6637

v5g .971 .019 .907 .6352

v5h .962 -.048 .875 .6693

v5i .048 .981 .417 .9067

iteration 2

Measure

Item
Loading*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v5f .848 .866 .9677

v5g .965 .957 .7940

v5h .947 .937 .8305

* Only 1 component was extracted.



In the second iteration, with three items remaining, Factor Analysis resulted

in the extraction into one component only. All three items loaded into one factor.

At this point, the analysis was completed since the three measure items have shown

their unidimensionality for the operation flexibility construct. The measures

provide the coefficient of Cronbach's alpha of .9067.

Material Hai,dlinji Flexibility

To measure the material handling flexibility construct, seven items were

tested for unidimensionality. In the first iteration, Factor Analysis was conducted

on the seven items. Item-to-total correlations and Cronbach's aiphas were

calculated. Table 4.6 summarizes the results of these analyses.

Table 4.6 Unidimensionality of Material Handling Flexibility Measures
(n=273)

Alpha: .9456 (n 7)
iteration I

Measure

Item
Loading*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v5j .842 .835 .9407

v5k .806 - .798 .9441

v51 .851 - .859 .9394

v5m .845 - .851 .9395

v5n .894 - .896 .9339

v5o .929 .929 .9297

v5p .919 .917 .9313

* Only I component was extracted.



Factor Analysis resulted in the extraction into one component only. All

seven items loaded into one factor showing their unidimensionality for the material

handling flexibility construct. The measures show high item-to-total correlations

and provide the coefficient of Cronbach's alpha of .9456.

Maclime Flexibility

To measure the machine flexibility construct, five items were tested for

unidimensionality. In the first iteration, Factor Analysis was conducted on the five

items. Item-to-total correlations and Cronbach's aiphas were calculated. Table 4.7

summarizes the results of these analyses. Item v6e, which is 'machines are equally

reliable for all operations', was removed due to low loading, high cross-loading,

and low item-to-total correlation. By removing the item, Cronbach's alpha

improved from .6887 to .725 1.

In the second iteration, similar analyses were conducted on the remaining

four items. Item v6d, which is 'machines produce equal quality for all operations',

was removed due to low loading, high cross-loading, and low item-to-total

correlation. Removing the item for unidimensionality improved Cronbach's alpha

from .7251 to .7333.

In the third iteration, with three items remaining, Factor Analysis resulted in

the extraction into one component only. All three items loaded into one factor. At

this point, the analysis was completed since the three measure items have shown

their unidimensionality for the machine flexibility construct. The measures provide

the coefficient of Cronbach's alpha of .7333.



Table 4.7 Unidimensionality of Machine Flexibility Measures (n=273)

Alpha before actions: .6887 (n = 5)
Alpha after all actions: .7333 (n = 3)

iteration 1 (action: remove v6e)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v6a .770 -.174 .521 .7121

v6b .775 .200 .679 .6206

v6c .879 .166 .748 .5794

v6d .140 .943 .535 .6956

v6e -.004 .969 .436 .7251

iteration 2 (action: remove v6d)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v6a .801 -.199 .678 .6180

v6b .737 .331 .758 .5201

v6c .867 .219 .836 .4257

v6d .081 .947 .547 .7333

iteration 3

Measure

Item
Loading*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v6a .730 .780 .7683

v6b .803 .786 .6851

v6c .896 .874 .4807

* Only 1 component was extracted.



Labor Flexibility

To measure the labor flexibility construct, seven items were tested for

unidimensionality. In the first iteration, Factor Analysis was conducted on the

seven items, item-to-total correlations and Cronbach's alphas were calculated.

Table 4.8 summarizes the results of these analyses. Item v6g, which is 'a small

cost is incurred (in dollars) when workers are moved between dfferent tasks', was

removed due to low loading, high cross-loading, and low item-to-total correlation.

By removing the item, Cronbach's alpha improved from .8506 to .8635.

In the second iteration, similar analyses were conducted on the remaining

six items. Item v6h, which is 'a small productivity is lost when workers are moved

between dfferent tasks', was removed due to low loading, high cross-loading, and

low item-to-total correlation. Removing the item for unidimensionality improved

Cronbach's alpha from .8635 to .9006.

In the third iteration, item v6f, which is 'workers can perform a large

numbers of tasks', was removed due to low loading, high cross-loading, and low

item-to-total correlation. By removing the item, Cronbach's alpha improved from

.9006 to .95 15.

In the fourth iteration, with four items remaining, Factor Analysis resulted

in the extraction into one component only. All four items loaded into one factor.

At this point, the analysis was completed since the four measure items have shown

their unidimensionality for the machine flexibility construct. The measures provide

the coefficient of Cronbach's alpha of .9515.



Table 4.8 Unidimensionality of Labor Flexibility Measures (n=273)

Alpha before actions: .8506 (n = 7)
Alpha after all actions: .9515 (n = 4)

iteration I (action: remove v6g)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v6f .177 .708 .527 .8539

v6g .043 .861 .541 .8635

v6h .136 .772 .574 .8603

v6i .848 .366 .901 .7902

v6j .926 -.052 .727 .8286

v6k .954 .176 .881 .7964

v61 .957 .187 .888 .7947

iteration 2 (action: remove v6h)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v6f .141 .813 .484 .8825

v6h .119 .810 .517 .9006

vói .851 .352 .914 .8005

v6j .913 .011 .807 .8311

v6k .958 .166 .922 .7977

v61 .962 .173 .926 .7966



Table 4.8 (Continued)

iteration 3 (action: remove v6f)

Measure

Item
Loading

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v6f .127 .985 .444 .9515

v6i .857 .342 .926 .8542

v6j .908 .012 .858 .8740

v6k .966 .119 .950 .8404

v61 .965 .157 .962 .8357

iteration 4

Measure

Item
Loading*

Cross-

Loading

Item-to-Total

Correlation

Alpha if item

is deleted

v6i .906 .916 .9542

v6j .894 .885 .9576

v6k .972 .971 .9164

v61 .977 - .976 .9133

* Only 1 component was extracted.

After all manufacturing flexibility measures were evaluated for their

unidimensionality, the selected items were analyzed to assess discriminant validity.

Discriminant validity was evaluated using Factor Analysis. In particular, Factor

Analysis was used to confirm that all items loaded to the eight factors representing

the eight dimensions of flexibility. Items for each factor, i.e., flexibility dimension,

should load only on the intended factor and not significantly on any other factor. A

total of 31 items was included in this Factor Analysis. The result is summarized in

Table 4.9.



Table 4.9 Factor Analysis on Manufacturing Flexibility Measures (n=273)

Rotated Component Matrix a

Item
Component

1 2 3 4 5 6 7 8

4e .345 .012 .086 .202 .106 .230 -.205 .643

4f .043 .276 .210 .029 -.144 .353 .122 .751

4g .074 .174 .335 -.160 -.141 .042 .292 .625

4h .159 -.265 -.054 -.110 .819 -.090 -.083 -.086

4j -.144 -.250 .125 .294 .813 .107 .102 .026

4j -.132 -.298 .189 .283 .783 .015 .106 -.034

41 .243 -.044 .743 .106 .021 .427 -.056 .099

4m .210 .099 .739 .127 .083 .315 .095 -.077

4n .183 -.004 .830 -.027 .236 .087 -.033 .190

4o .191 .147 .663 -.164 .185 .003 .244 .377
.021 .352 .759 .035 -.298 -.056 .065 .139

5b .151 .196 .260 .230 .170 .615 .168 .203

5c .343 .220 .227 .269 -.044 .682 .053 .208

5e .293 .033 .139 .003 -.070 .866 .125 .159

5f .200 -.047 .050 .784 .052 .151 .139 .231

5g .108 .043 -.027 .937 .112 .086 .035 -.002

5h .079 .032 .036 .934 .113 .052 .069 -.154

5j .790 .268 -.018 .149 .216 .157 .065 .146

5k .739 .191 .034 .223 .091 .099 -.126 .251

51 .863 -.060 .168 .001 .054 .106 .061 .033

5m .816 .156 .158 -.152 -.017 .258 -.051 -.034

5n .878 -.049 .141 .110 -.156 .035 .004 .010

5o .860 .146 .241 .127 -.056 .131 -.107 .049

Sp .892 .126 .065 .095 -.165 .060 .058 .074

6a .228 -.069 -.040 .117 -.122 .048 .816 -.035

6b -.173 .145 .133 .181 .208 .256 .679 -.049
6c -.199 .235 .108 -.007 .066 .011 .810 .251

6i .246 .836 .186 .020 .003 .166 .016 .270

6j .151 .852 .122 .011 -.298 -.049 .093 -.094

6k .133 .895 .058 -.025 -.275 .161 .087 .109

61 .155 .910 .049 .035 -.220 .090 .095 .139
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 8 iterations.
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The Factor Analysis confirmed that these thirty-one items loaded onto eight

factors representing eight dimensions of flexibility. Items for each dimension load

on a single intended factor and not significantly on any other factors. Therefore,

these thirty-one measure items demonstrate convergent and discrirninant validity in

measuring the eight dimensions of manufacturing flexibility. Table 4.10 presents

the eight factors and their corresponding measure items for manufacturing

flexibility. The Cronbach's alpha coefficients, as measures of reliability, are also

reported. Through thorough statistical analyses, the resulted measures have been

shown to be unidimensional, valid, and reliable in measuring the manufacturing

flexibility constructs.

4.1.2 Factors and Measures for New Product Type

To measure New Product Type, six items were tested. Factor Analysis

showed that the six items loaded into two separate factors (Complete results of the

Factor Analysis are shown in Appendix D). These two factors represent the

existence of 'product technology change' and 'process technology change' for

measuring the new product type. Table 4.11 summarizes the results of Factor

Analysis, item-to-total correlations, and Cronbach's alpha coefficients as evidence

of unidimensionality, validity, and reliability of the measures.
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Table 4.10 Factors and Measures for Manufacturing Flexibility

Factors
(Alpha)

Measure Items

New Product
The start-up cost (in dollars) of introducing new products into full-scale
production is low.

Flexibility
NPF

Manufacturing system performance is not affected when a new product is
introduced into the production system.

(.6951) The average costlunit of products is not affected when a new product is
introduced into the production system.

Modification The features of existing products are often modified.
Flexibility There are a large number of modified products produced each year.

(8740) Existing product lines are frequently modified.

Capacity
The existing capacity can adjust to a large number of production volume
changes.

Flexibility The existing capacity can handle a high variation in volume changes.
CAF Capacity changes can be made quickly.
(.8701) Capacity changes can be made economically.

Changes in capacity do not increase time delays.
Routing A route can process a variety of products/parts.
Flexibility Route changes can be made quickly.

(8493) Alternate routes do not decrease quality of products/parts.

Operation
Flexibility

The ordering of several operations for a part/product type can be done in
many different ways.

OPF There are a large number of interchanges or substitutions of operations.
(.9067) There is a large variety of interchanges or substitutions of operations.

The material handling system can transport materials of different sizes.
The material handling system can transport a wide variety of matenals.

M
Changing a material handling path is inexpensive.

t al
Handlin Changing a material handling path is quick.

Flexibility
MHF

The choice of material handling path does not affect the material transfer
time.

(9456) The choice of material handling path does not affect the efficiency of
material transfer.
The choice of material handling path does not affect the material transfer
cost (in dollars).

Machine Typical machines can use many different tools.
Flexibility
MAF

Machines can perform operations, which are not very similar to one
another.

(.7333) Machines can perform a high variety of operations.
Labor Workers perform all tasks with equal quality.
Flexibility Choice of worker does not affect the processing cost (in dollar) of a task.
LAF Workers are equally reliable for all tasks.
(.95 15) Workers are equally productive for all tasks.
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Table 4.11 Analyses of New Product Type Measures (n=273)

Item Factor Analysis Item-to-Total
Correlation

Cronbach's
AlphaFactor 1 Factor 2

vid .777 .220 .819

.7995vie .849 .ii4 .844

vif .843 .236 .871

vig .146 .704 .705

.7256vlh .164 .770 .792

vii .226 .867 .903

Table 4.12 presents the two factors and their items for new product type.

The first factor corresponds with the 'product technology change' and has three

items. The second factor corresponds with the 'process technology change' and

also has three items.

Table 4.12 Factors and Measures for New Product Type

Factors
(Alpha) Measure Items

Product Technology
Change
(.7995)

How new were the product parts to your plant?
How new were the product modules (e.g., sub-systems, sub-
assemblies) to your plant?
How new was the product architecture/configuration (the
way modules are linked together) to your plant?

Process Technology
Change
(.7256)

How new were the manufacturing processes to your plant?
How new was the process flow or layout to your plant?
How new were the manufacturing tools to your plant?



4.1.3 Factors and Measures for Value Creation Mode

To measure the Value Creation Mode construct, eighteen items were tested.

Factor Analysis showed that the eighteen items loaded into three different factors

(Complete results of the Factor Analysis are shown in Appendix E). These three

factors represent the existence of 'product focus', 'process focus', and 'market

focus'. Table 4.13 shows the results of Factor Analysis, item-to-total correlations,

and Cronbach's alpha coefficients as evidence of unidimensionality, validity, and

reliability of the measures.

Table 4.13 Analyses of Value Creation Mode Measures (n=273)

em Factor_Analysis Item-to-Total
Correlation

Cronbach's
AlphaFactor 1 Factor 2 Factor 3

v3a .596 -.062 -.055 .675
v3d .770 .155 -.031 .769

.8942v3g .826 -.078 -.192 .824
v3j .787 -.140 .032 .808

v3m .886 -.222 .036 .888
v3p .895 -.196 -.118 .889
v3c -.107 .767 -.030 .766
v3f -.034 .808 -.114 .823
v3i .137 .748 .061 733
v3l -.132 .859 -.056 .869

.8941

v3o -.321 .774 -.226 .824
v3r -.167 .849 .088 .853
v3b .124 -.261 .604 .633
v3e .051 -.041 .771 .762
v3h -.223 .078 .769 .754 .8150
v3k .062 -.028 .844 .822
v3n -.114 -.086 .745 .758
v3g -.233 .098 .586 .621
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Table 4.14 presents the three factors and their items for value creation

mode. Each of the three factors has six measure items with at least .8 150 of

Cronbach's alpha coefficient.

Table 4.14 Factors and Measures for Value Creation Mode (n=273)

Factors
(Alpha)

Measure Items

The R&D function's staff initiated the product idea.
The R&D function was most influential in the decision to go
ahead with the project.
The R&D function contributed the most to the project from start

Product Focus
8942

to completion.
The R&D function is the pnmary driver of the company s new
product development efforts.
The R&D function controls the most resources for new product
development efforts.
The R&D function has the most responsibility in developing new
products.
The Manufacturing function's staff initiated the product idea.
The Manufacturing function was most influential in the decision
to go ahead with the project.
The Manufacturing function contributed the most to the project

Process Focus
8941\

. '

from start to completion.
The Manufacturing function is the primary driver of the
company's new product development efforts.
The Manufacturing function controls the most resources for new
product development efforts.
The Manufacturing function has the most responsibility in
developing new products.
The Marketing function's staff initiated the product idea.
The Marketing function was most influential in the decision to go
ahead with the project.
The Marketing function contributed the most to the project from

Market Focus
8l5O

start to completion.
The Marketing function is the primary driver of the company s
new product development efforts.
The Marketing function controls the most resources for new
product development efforts.
The Marketing function has the most responsibility in developing
new products.
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4.1.4 Factors and Measures for New Product Performance

To measure the New Product Performance construct, nine items were

tested. Factor Analysis showed that the nine items loaded into three different

factors (Complete results of the Factor Analysis are shown in Appendix F). The

existence of three factors is not consistent with prediction that the construct would

be best represented by two factors, internal and external new product performance.

All items for external new product performance loaded to a single factor, but items

for the internal new product performance were loading onto two different factors.

These three factors were renamed:

1. Product Market Success, which contains total sales, market share, sales

growth, profit margin, and return-on-investment,

2. Product Cost and Delivery, which contains product unit cost, and time-

to-market, and

3. Product Quality, which contains product features/performance and

conformance.

Table 4.15 shows the results of Factor Analysis, item-to-total correlations,

and Cronbach's alpha coefficients as evidence of unidimensionality, validity, and

reliability of the measures. Table 4.16 summarizes the three factors of new product

performance and the corresponding items.
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Table 4.15 Analyses of New Product Performance Measures (n=273)

Item Factor Analysis Item-to-Total
Correlation

Cronbach's
AlphaFactor 1 Factor 2 Factor 3

v2a .058 .374 .740 .890
.6964________

v2b
__________

.115
__________

-.017
_________

.897
_________________

.863

v2c .335 .727 .274 .861
.6647________

v2d
_________

.056
__________

.829
_________

.101
________________

.869

v2e .878 -.019 .103 .784

v2f .679 .496 -.101 .823

v2g .752 .501 -.102 .865 .8746

v2h .796 .125 .323 .801

v2i .592 .517 .348 .812

Table 4.16 Factors and Measures for New Product Performance

Factors
(Alpha) Measure Items

Product Market Success
(8746)

Total sales
Market share
Sales growth

Profit margin
Return-on-Investment (ROl)

Product Cost and Delivery
(.6647)

Product unit cost
Product time-to-market

Product Quality
(.6964)

Product features (performance)
Product conformance (quality)



4.2 Findings on Manufacturing Flexibility Measurement

In the previous section all measures for each variable of interest have been

evaluated and tested for unidimensionality, validity, and reliability. The resulting

measures can be further analyzed to address the research objectives. This section in

particular presents the nature of relationships among the eight dimensions of

flexibility. Correlation Analysis and Cluster Analysis have been employed to

examine the relationships, resulting in a hierarchical model for manufacturing

flexibility measurement.

4.2.1 Correlation Analysis

Bivariate correlation coefficients among the eight flexibility dimensions are

presented in Table 4.17. (For more information, Appendix G presents the p-value

for each correlation. The p-value is the smallest level of significance a for which

the survey data indicate that the correlation is statistically significant. A smaller p-

value shows more compelling evidence of its significance).

Table 4.17 Coefficients of Correlation among Flexibility Dimensions (n=273)

Variables NPF MOF CAF ROF OPF MHF MAF

NPF -

MOF -.098 -

CAF 509* .084 -

ROF 555* .020 504*

OPF 113 245* 111 331* -

MHF 355* 071 380* 498* 233*

MAF .207* .094 .204* .264* .203* -.012 -

LAF .412* .446* .304* 355* .051 .341* .191*

* Correlation is significant at a Bonferroni adjusted level of 0.001 (a = 0.05, 2-tailed).



Out of 28 correlations examined, 19 are statistically significant. Of the 19

statistically significant correlations, all but one were positive correlations. The

only significant negative correlation is between Modification Flexibility and Labor

Flexibility. Figure 4.1 presents a diagram of significant correlations between New

Product Flexibility and other dimensions and between Modification Flexibility and

other dimensions. A diagram of significant correlations for all flexibility

dimensions is presented in Figure 4.2.

NPFI IMOF

55 /509 .355 \.207 .412 /-.446 \.245

ROF
I I

CAF
I I

MHF
I
MAF

I I LAF I I OPF

* All correlation coefficients are significant at a Bonferroni adjusted level
of 0.001 (a = 0.05, 2-tailed)

Legend:

NPF New Product Flexibility
MOF Modification Flexibility
CAF Capacity Flexibility
ROF Routing Flexibility
OPF Operation Flexibility
MHF Material Handling Flexibility
MAF Machine Flexibility
LAF Labor Flexibility

Figure 4.1 Diagram for New Product and Modification Flexibility
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.J..tL .1y1

All correlation coefficients are significant at a Bonferroni adjusted level
of 0.001 (a = 0.05, 2-tailed)

Legend:

NPF New Product Flexibility
MOF Modification Flexibility
CAF Capacity Flexibility
ROF Routing Flexibility
OPF Operation Flexibility
MHF Material Handling Flexibility
MAF Machine Flexibility
LAF Labor Flexibility

Figure 4.2 Diagram of Correlations among All Flexibility Dimensions
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4.2.2 Hierarchical Cluster Analysis

Cluster Analysis is an exploratory technique often used in examining the

complex relationships among multiple variables. Grouping or clustering can

provide important information suggesting a natural structure of the relationships

(Johnson & Wichern, 1992).

A hierarchical cluster analysis uses either agglomerative or divisive

approach. With an agglomerative approach, the grouping process starts from

individual variables and merges them one-by-one to form a cluster or clusters based

on the degree of similarity. A divisive approach starts from a single group of all

variables, divides the group into two subgroups, and continues on dividing until

each individual variable becomes a group. The end result of the process is a

dendrogram, a two-dimensional diagram illustrating all mergers or divisions made

at the successive steps.

Linkage methods, from the agglomerative approach category, are useful in

grouping variables (Johnson & Wichern, 1992). The three well-known linkage

methods are single linkage, average linkage, and complete linkage. They differ on

the merging criteria based on the distance between the two groups to merge. Single

linkage uses the minimun distance between members in the two groups. Complete

linkage uses the maximum distance between members in the two groups. Average

linkage uses an average distance between members in the two groups.

There are many ways to allocate values for distance. In grouping variables,

one of the common distance values is correlation coefficient. This measures the

association or closeness between two variables. The other values of distance

include Euclidean distance and squared Euclidean distance.

Hierarchical Cluster Analysis, like most clustering techniques, conducts no

formal assessment on sources of error and variation. So, the possible existence of

outliers might create a problem. A careful examination of the final hierarchy is
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strongly recommended to confirm its appropriateness. Johnson and Wichern

(1992) recommend to conducting the Cluster Analysis using several clustering

methods to see if the results are consistent.

In this study, six different clustering procedures were employed

encompassing three different agglomerative methods (i.e., single linkage, average

linkage, and complete linkage) and three different distance-allocating methods (i.e.,

correlation coefficient, Euclidean distance, and Squared Euclidean distance).

Figure 4.3 summarizes the resulting dendrograms from the six different procedures.

4.3 Findings on Relationships among Variables

The final goal of this research is to understand the relationship between

manufacturing flexibility and new product performance. The impact of moderating

variables (i.e., new product type, value creation mode, and type of manufacturing

system) was analyzed. Statistical analyses were conducted to examine these

relationships.

The analysis on the direct relationship between manufacturing flexibility

and new product performance involved eight dimensions of flexibility and three

measures of new product performance. For each dimension of flexibility, analysis

was conducted to examine its relationship with each of the three measures of new

product performance.

The relationships between manufacturing flexibility and new product

performance were further explored by taking new product type, value creation

mode, or manufacturing system into consideration. The new product type was

divided into three levels, i.e., incremental new product, radical new products, and a

middle level representing new products requiring moderate changes. The

relationship between manufacturing flexibility and new product performance was

analyzed separately for each level of new product type. The value creation mode
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Method 1: Single Linkage Correlation Coefficient

NPF 1

ROF 4

CAF 3

MHF' 6

LAF 8

OFF 5

MAF 7

MOF 2

Method 2: Single Linkage Euclidean Distance

NPF 1

CAF 3

ROE 4

MHF 6

MAF 7

LAP 8

OPE 5

MOF 2

Method 3: Average Linkage Correlation Coefficient

NPF 1

ROE 4

CAF 3

MHF 6

LAP 8

MAE 7

OFF 5

MOE 2

Figure 4.3 Dendrograms
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Method 4: Average Linkage Squared Euclidean distance

NPF I

CAF 3

MAF 7

ROF 4

MHF 6

OPF 5

LAF 8

MOF 2

Method 5: Complete Linkage Correlation Coefficient

NPF 1

ROF 4

CAF 3

MHF 6

LAF 8

MOF 2

OPF 5

MAF 7

Method 6: Complete Linkage Euclidean distance

NPF 1

CAF 3

MAF 7

OPF 5

LAF 8

__1 _________

Figure 4.3 (Continued)
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was divided into product, process, and market focus. The value of a certain focus

represents its relatively higher score compared to scores of the other two foci.

Similarly, the relationship between manufacturing flexibility and new product

performance was analyzed separately for each focus of value creation mode. The

relationships between manufacturing flexibility and new product performance were

examined in each of the six manufacturing system types. Table 4.18 summarizes

the abbreviations for the variables included in this research.

Table 4.18 Abbreviations of Research Variables

Manufacturing Flexibility
NPF New Product Flexibility
MOF Modification Flexibility
CAF Capacity Flexibility
ROF Routing Flexibility
OPF Operation Flexibility
MHF Material Handling Flexibility
MAF Machine Flexibility
LAF Labor Flexibility

New Product Type
NPT1 Product Change
NPT2 Process Change

Value Creation Mode
VCM1 Product Focus
VCM2 Process Focus
VCM3 Market Focus

New Product Performance
NPPI Quality
NPP2 Cost and Delivery
NPP3 Market Success
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4.3.1 Relationship between Manufacturing Flexibility and New Product
Pe rfn r man ce

Scatter Plots

Figure 4.4 shows 24 scatter plots of the relationships between each

dimension of flexibility and each measure of new product performance.

Correlation Analysis

The bivariate correlations between each of the eight dimensions of

manufacturing flexibility and each of the three measures of new product

performance were generated to identify the significant correlations. Table 4.19

summarizes the coefficients of correlation and their p-values. Out of 24, seven

correlations are significant at a Bonferroni adjusted level of 0.003.

The significant correlations are shown in Figure 4.5. The results of this

correlation analysis can be summarized as follows:

1. Six out of eight dimensions of manufacturing flexibility were significantly

correlated with Product Market Success. Labor Flexibility had the only

negative correlation.

2. Operation flexibility was the only flexibility dimension having significant

correlation with Product Quality. It was a positive correlation.

3. No significant correlations were found between any dimension of

manufacturing flexibility and Product Cost and Delivery.
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Figure 4.4 Scatterplots of Flexibility vs. New Product Performance (n=273)
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Table 4.19 Coefficients of Correlation and p-Values for the Relationships
between Flexibility and New Product Performance (n=273)

New Product Performance
Manufacturing

Quality Cost and Delivery Market Success
Flexibility

p p-value p p-value p p-value
New Product
Flexibility

.080 .187 .028 .639 .260* <.001

Modification
Flexibility

.112 .065 -.119 .049 .239* <.001

Capacity
Flexibility -.064 .294 -.033 .592 .124 .041

Routing
.042 .491 -.129 <.001Flexibility .033 .224*

Operation .258* <.001 <.001Flexibility________ .011 .858 .225*

Material Handling
Flexibility .119 .049 .039 .517 .273* <.001

Machine
Flexibility .006 .919 -.001 .990 .123 .042

Labor
Flexibility -.077 .204 -.159 .008 .2l8* <.001

Correlation is significant at a Bonferroni adjusted level of 0.003 (a = 0.05, 2-tailed).

Manufacturing New Product Manufacturing New Product
Flexibility Performance Flexibility Performance

+.26O

+.239

Cost and I

Delivery

+.22

Market
Success

+.273

/* Significance Level = .003 (Bonferroni adjusted)

Figure 4.5 Significant Correlations between Flexibility and New Product
Performance
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4.3.2 Impact of New Product Type

The impact of new product type was analyzed to investigate if the

relationship between manufacturing flexibility and new product performance is

different between incremental new products and more radical new products. The

variable of new product type consists of two factors, which are product change and

process change. Each factor was divided into three levels (low, medium, and high).

The low level of product change or process change includes data where values are

between land 3 on a 7-point scale. The medium level was between 3 and 5, and

the high level was for values between 5 and 7. Analysis of the impact was

conducted for three different levels of new product type, i.e., incremental new

products, radical new products, and a middle level representing new products

requiring moderate changes. Table 4.20 summarizes the results of these analyses.
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Table 4.20 Coefficients of Correlation and p-Values for Analysis of the Impact
of New Product Type

(n = 105 for 'Incremental'; n = 96 for 'Moderate'; n = 72 for 'Radical')

Flexi-
bility

New Product
Type

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
Incremental .021 .831 -.012 .906 .177 .070

NPF Moderate .103 .314 .095 .354 .392* <.001
Radical .424* <.001 .155 .200 444* <.001
Incremental .246 .012 -.265 .006 -.037 .710

MOF Moderate 333* .001 -.113 .269 339* .001
Radical .221 .066 -.161 .183 435* <.001
Incremental .294* .002 .271 .005 .317* .001

CAF Moderate -.124 .225 .407* <.001 -.05 5 .588
Radical -.073 .548 -.172 .155 -.103 .397
Incremental -.075 .446 -.2 19 .025 497* <.001

ROF Moderate .308* .002 -.099 .331 337* .001
Radical .047 .700 .042 .729 -.075 .537
Incremental -.064 .514 555* <.001 -.167 .089

OPF Moderate .093 .363 -.096 .346 .277 .006
Radical .308 .010 .287 .016 .352* .003
Incremental -.045 .651 -.183 .062 .385* <.001

MHF Moderate .390* <.001 .144 .156 .284 .005
Radical .108 .372 .114 .346 .120 .324
Incremental .426* <.001 -.186 .058 .221 .024

MAF Moderate .113 .267 -.082 .423 -.236 .019
Radical 439* <.001 .280 .019 .231 .054
Incremental -.193 .048 -.218 .025 .3l5* .001

LAF Moderate .011 .913 -.264 .009 -.287 .004
Radical .288 .016 .229 .056 .069 .571

* Correlation is significant at a Bonferroni adjusted level of 0.003 (a = 0.05, 2-tailed).

4.3.3 Impact of Value Creation Mode

The impact of new product type was examined by comparing the

relationship of flexibility and new product performance in three value creation

modes (i.e., product, process, and market focus). A focus is determined by its

relatively higher score compared to scores of the other two foci. For example,

product focus means that the variable of product focus scores higher than those of

process or market focus. Table 4.21 summarizes the results of the analysis.
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Table 4.21 Coefficients of Correlation and p-Values for Analysis of the Impact
of Value Creation Mode

(n = 79 for 'Product Focus'; n = 32 for 'Process Focus'; n = 52 for 'Market Focus')

Flexi-
bility

Value Creation
Mode

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
Product Focus 339* .003 .425* <.001 .472* <.001

NPF Process Focus .832* <.001 933* <.001 .680* <.001
Market Focus .695* <.001 .212 .144 -.102 .487
Product Focus .158 .170 -.018 .875 .605* <.001

MOF Process Focus .615* .001 599* .001 -.444 .016
Market Focus -.167 .250 .529* <.001 .137 .347
Product Focus .341* .002 .507* <.001 .517* <.001

CAF Process Focus .660* <.001 .703* <.001 .924* <.001
Market Focus .068 .642 -.200 .169 .204 .161
Product Focus .527* <.001 .168 .143 .766* <.001

ROF Process Focus .663* <.00 1 .761* <.00 1 .866* <.001
Market Focus -.183 .208 .489* <.001 -.162 .267
Product Focus .229 .045 -.131 .257 .526* <.001

OPF Process Focus -.132 .504 -.3 52 .092 .834* <.00 1
Market Focus .851* <.001 .062 .673 .189 .194
Product Focus .582* <.001 .061 .596 597* <.001

MHF Process Focus .926* <.001 .721* <.001 .617* <.001
Market Focus .279 .052 -.253 .079 .414* .003
Product Focus 545* <.001 .232 .042 .385* .001

MAF Process Focus -.478 .010 .714* <.001 .717* <.001
MarketFocus -.365 .010 .137 .348 -.019 .899
Product Focus .452* <.001 .365* .001 .258 .023

LAF Process Focus ..983* <.001 .941* <.001 -.293 .131
MarketFocus -.233 .107 -.381 .007 .746* <.001

* Correlation is significant at a Bonferroni adjusted level of 0.003 (a = 0.05, 2-tailed).

4.3.4 Impact of the Type of Manufacturing System

The impact of manufacturing system type on the relationship between

manufacturing flexibility and new product performance was analyzed in each type

of manufacturing system. Each of Tables 4.22-4.27 summarizes the results for

each manufacturing system. Coefficients of correlation and their corresponding p-

values were reported for examining the significance of the relationships.
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Table 4.22 Coefficients of Correlation and p-Values for the Relationships
between Flexibility and New Product Performance in Jo b-S hop

(n=70)

Manufacturing
Flexibility

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
New Product .040 .742 .517* <.001 .790* <.001
Modification -.249 .038 -.165 .173 .356* .003
Capacity .505* <.001 -.3 15 .008 -.342 .004
Routing 493* <.00 1 -.089 .466 .041 .739
Operation -.241 .044 -.013 .914 -.037 .763
Material Handling -.229 .057 .018 .883 -.105 .387
Machine .256 .033 .128 .292 -.2 18 .070
Labor .370* .002 .346* .003 -.193 .109
* Correlation is significant at a Bonferroni adjusted level of 0.003 (a = 0.05, 2-tailed).

Table 4.23 Coefficients of Correlation and p-Values for the Relationships
between Flexibility and New Product Performance in Batch-Flow

(n=62)

Manufacturing
Flexibility

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
New Product .396* .001 -.176 .171 .158 .220
Modification .381* .002 .388* .002 375* .003
Capacity -.291 .022 .278* .029 .180 .161
Routing .233 .069 .062 .633 .700* <.001
Operation .382* .002 495* <.001 -.254 .046
Material Handling .174 .177 379* .002 -.286 .024
Machine -.308 .015 .448* <.00 1 -.164 .204
Labor .542* <.001 .181 .160 .155 .228
* Correlation is significant at a Bonferroni adjusted level of 0.003 (a = 0.05, 2-tailed).
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Table 4.24 Coefficients of Correlation and p-Values for the Relationships
between Flexibility and New Product Performance in Line-Flow
(n=29)

Manufacturing
Flexibility

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
NewProduct -.113 .558 .740* <.001 .630* <.001
Modification 757* <.001 -.113 .559 793* <.001
Capacity .227 .236 .446 .015 .784* <.001
Routing .429 .020 .174 .367 933* <.001
Operation .904* <.00 1 -.3 89 .037 .684* <.001
Material Handling .681* <.00 1 -.229 .232 .909* <.00 1
Machine .525* .003 .131 .497 .858* <.001
Labor .246 .199 .435 .018 .161 .403
* Correlation is significant at a Bonferroni adjusted level of 0.003 (a = 0.05, 2-tailed).

Table 4.25 Coefficients of Correlation and p-Values for the Relationships
between Flexibility and New Product Performance in Continuous-

Flow (n28)

Manufacturing
Flexibility

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
New Product .378 .047 .440 .019 .703* <.00 1
Modification -.390 .040 .614* .001 .865* <.001
Capacity -.531 .004 .564* .002 -.187 .340
Routing .591* .001 .360 .060 -.282 .147
Operation .984* <.001 .906* <.001 .426 .024
Material Handling .468 .012 .299 .123 .007 .973
Machine .858* <.001 .813* <.001 .582* .001
Labor .648* <.001 .538* .003 .306 .113
* Correlation is significant at a Bonferroni adjusted level of 0.003 (a = 0.05, 2-tailed).
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Table 4.26 Coefficients of Correlation and p-Values for the Relationships
between Flexibility and New Product Performance in Just-In-Time
(n=48)

Manufacturing
Flexibility

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
New Product .319 .027 .630* <.001 -.155 .294
Modification -.337 .019 -.295 .042 .347 .016
Capacity .081 .583 .780* <.001 -.235 .109
Routing .021 .890 .662* <.001 -.358 .012
Operation .425* .003 .139 .345 757* <.001
Material Handling .141 .341 .143 .334 -.004 .979
Machine -.248 .089 -.119 .419 .142 .336
Labor -.284 .050 755* <.001 .87l* <.001
* Correlation is significant at a Bonferroni adjusted level of 0.003 (cx = 0.05, 2-tailed).

Table 4.27 Coefficients of Correlation and p-Values for the Relationships
between Flexibility and New Product Performance in Flexible-
Manufacturi,ig-System (n=36)

Manufacturing
Flexibility

New Product Performance
Quality Cost and Delivery Market Success

p p-value p p-value p p-value
New Product .015 .933 573* <.001 .457 .005
Modification .524* .001 .114 .508 554* <.001
Capacity .390 .019 .738* <.001 .719* <.001
Routing .565* <.001 .243 .154 .523* .001
Operation -.442 .007 .663* <.001 .719* <.001
Material Handling .752* <.001 .551* <.001 .852* <.001
Machine .171 .320 .722* <.001 .601* <.001
Labor .275 .105 .580* <.001 -.323 .054
* Correlation is significant at a Bonferroni adjusted level of 0.003 (cx = 0.05, 2-tailed).
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4.4 The Sign Tests on the Relationships among Variables

The sign tests are distribution-free tests used to investigate the difference

among pairs of population. Three dimensions of new product performance were

analyzed to investigate differences in their relationships with manufacturing

flexibility. The impact of new product type, value creation mode, and

manufacturing system on the relationship between manufacturing flexibility and

new product performance were also tested individually.

4.4.1 Sign Tests on the Relationships between Manufacturin2 Flexibility and
New Product Performance

Three dimensions of new product performance (i.e., quality, cost and

delivery, and market success) were examined. The results of these sign tests are

presented in Table 4.28.

Table 4.28 Sign Tests on the Differences among New Product Performances

Difference Z-stat p-Value

Quality Cost and Delivery 1.0607 0.1446

Market Success Quality 1.7678 0.0384

Market Success Cost and Delivery 2.4749 0.0068

The tests suggested that the correlation between manufacturing flexibility

and market success are stronger than between manufacturing flexibility and the

other two performances, i.e., quality (p-value = 0.0384) and cost and delivery (p-

value = 0.0068). In other words, manufacturing flexibility is more correlated with

market success than with quality or cost and delivery. The difference between

quality and cost and delivery was found to be insignificant (p-value = 0.1446).
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4.4.2 Sipn Tests on the Impact of New Product Type

Three levels of new product type (i.e., incremental, moderate, and radical)

were examined. The results of these sign tests are presented in the following Table

4.29.

Table 4.29 Sign Tests on the Impact of New Product Type

Difference Z-stat p-Value

Moderate Incremental 1.8371 0.0329

Radical Incremental 2.6536 0.0040

Radical Moderate 1.837 1 0.0329

The tests suggested that in more radical new products, manufacturing

flexibility is more positively correlated with new product performance.

Manufacturing flexibility is more correlated with new product performance in

radical new products than in moderate new products (p-value = 0.0329), in radical

new products than in incremental new products (p-value = 0.0040), and in

moderate new products than in incremental new products (p-value = 0.0329).

4.4.3 Sign Tests on the Impact of Value Creation Mode

Three value creation modes (i.e., product focus, process focus, and market

focus) were examined. The results of these sign tests are presented in the following

Table 4.30.
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Table 4.30 Sign Tests on the Impact of Value Creation Mode

Difference Z-stat p-Value

Product Focus Process Focus 3.8 784 <0.0002

Market Focus Process Focus 3.4701 0.0003

Product Focus Market Focus 3.06 19 0.0011

The tests suggested the significantly different impact of the three value

creation modes on the relationship between manufacturing flexibility and new

product performance. Manufacturing flexibility is more positively correlated with

new product performance in a product focus environment that in other value

creation modes, i.e., process focus (p-value < 0.0002), market focus (p-value =

0.00 11). Manufacturing flexibility is more positively correlated with new product

performance in market focus than in process focus (p-value = 0.0003).

4.4.4 Sign Tests on the Impact of Manufacturing System

All six different types of manufacturing system were examined. The results

of these sign tests were presented in Table 4.31.

Table 4.31 Sign Tests on the Impact of Manufacturing System

Difference Z-stat p-Value

Line Flow Batch Flow 4.2 866 <0.0002

Line FlowJust-In-Time 3.0619 0.0011

Line Flow Job Shop 2.2454 0.0 122

Line Flow FMS
(Flexible Manufacturing System)

0.6 124 0.2709



119

Table 4.31 (Continued)

Difference Z-stat p-Value

Line Flow Continuous Flow -0.2041 0.5793

FMS Just-In-Time 3.06 19 0.00 1 1

FMS-BatchFlow 1.8371 0.0329

FMS-Job Shop 1.0206 0.1539

FMS Continuous Flow -0.204 1 0.5 793

Continuous Flow Just-In-Time 2.2454 0.0 122

Continuous Flow-Batch Flow 1.4289 0.0764

Continuous Flow Job Shop 1.4289 0.0764

Job Shop Just-In-Time 0.2041 0.4207

Job Shop Batch Flow -0.204 1 0.5 793

Batch Flow Just-In-Time -0.204 1 0.5 793

The tests suggested that the level of positive correlation between

manufacturing flexibility and new product performance is higher in Line Flow

manufacturing system than in any other manufacturing system. The next highest

level of positive correlation was found in a Flexible Manufacturing System.
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5 DISCUSSION

This chapter discusses key findings and limitations of this research. Areas

for future research are also identified. The discussions on key findings include the

measurement of manufacturing flexibility and the relationship between

manufacturing flexibility and new product performance. The impact of new

product type, value creation mode, and manufacturing system is also discussed.

5.1 Manufactu ring Flexibility Measurement

Table 5.1 summarizes key findings on the measurement of manufacturing

flexibility. Two objectives were targeted: (I) to examine flexibility dimensions and

develop items to measure each of these dimensions, (2) to examine the hierarchical

relationships of these flexibility dimensions.

Table 5.1 Key Findings on Manufacturing Flexibility Measurement

Manufacturing flexibility is a multidimensional entity consisting of many
flexibility dimensions. The study found eight dimensions of manufacturing
flexibility and identified multiple items to measure each of the eight
dimensions.
The study found significant evidence of the distinction between new product
flexibility and modification flexibility.
The study supports the existence of a hierarchical framework for
manufacturing flexibility. The suggested hierarchy is divided into three
levels. The Overarching level consists of new product flexibility and
modification flexibility. The Shop-floor level consists of capacity, routing,
and operation flexibility. The Operational level includes flexibility of
individual resources, including material handling flexibility, machine
flexibility, and labor flexibility.
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Multidimensionality and Eight Dimensions of Flexibility

This research supports multidimensionality of flexibility. The concept of

manufacturing flexibility is too complex to be measured with a single dimension.

Consequently, measurement of manufacturing flexibility must be conducted using

multiple dimensions. Each dimension requires a set of measure items. The eight

dimensions of flexibility and multiple items for measuring each dimension have

been identified and tested for their validity and reliability. Table 5.2 presents the

eight different dimensions of the flexibility and their respective items. The eight

manufacturing flexibility dimensions identified in this research were based in a new

product development environment. Several other dimensions, such as volume,

mix, expansion, and market flexibility were left out from consideration due to

either lack of theoretical support on their relationships with new product

development or vague definitions.

This study provides evidence of the existence of the eight dimensions

consistent with many theoretically based studies, e.g., Gerwin (1993), Gupta and

Somers (1992), Hyun and Ahn (1992), Koste and Malhotra (1999), and Sethi and

Sethi (1990). A conceptual framework for manufacturing flexibility by Koste and

Malhotra (1999), for example, includes ten dimensions of flexibility. Seven of

these dimensions were supported by this study.

This study suggests the existence of capacity flexibility in addition to the

other seven dimensions. The ability to make changes in manufacturing capacity

without high penalty is key to accommodate changes in demand (Chryssolouris,

1996). Changes in demand could be in the form of new or modified products.

Thus, there is a reason to believe that capacity flexibility is somewhat related to

new product flexibility or modification flexibility. The research data provided

significant support on the relationship between capacity flexibility and new product

flexibility. But, the data did not support the relationship between capacity

flexibility and modification flexibility. The ability to change capacity is influenced
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Table 5.2 Manufacturing Flexibility Dimensions and Measure Items

Dimension Measure Items

New Product
Flexibility

The start-up cost (in dollars) of introducing new products into full-scale
production is low.
Manufacturing system performance is not affected when a new product is
introduced into the production system.
The average cost/unit of products is not affected when a new product is
introduced into the production system.

Modification
Fl bltexi ii

'

The features of existing products are often modified.
There are a large number of modified products produced each year.
Existing product lines are frequently modified.

Capacity
Flexibility

The existing capacity can adjust to a large number of production volume
changes.
The existing capacity can handle a high variation in volume changes.
Capacity changes can be made quickly.
Capacity changes can be made economically.
Changes in capacity do not increase time delays.

R
Ft cxi i i

A route can process a variety of products/parts.
Route changes can be made quickly.
Alternate routes do not decrease quality of products/parts.

Operation
Flexibility

The ordering of several operations for a part/product type can be done in
many different ways.
There are a large number of interchanges or substitutions of operations.
There is a large variety of interchanges or substitutions of operations.

Material
Handlin
Flexibility

The material handling system can transport materials of different sizes.
The material handling system can transport a wide variety of materials.
Changing a material handling path is inexpensive.
Changing a material handling path is quick.
The choice of material handling path does not affect the material transfer
time.
The choice of material handling path does not affect the efficiency of material
transfer.
The choice of material handling path does not affect the material transfer cost
(in dollars).

Machine
Fl b'ltcxi i i

Typical machines can use many different tools.
.

Machines can perform operations, which are not very similar to one another.
Machines can perform a high variety of operations.

Labor
Flexibility

Workers perform all tasks with equal quality.
Choice of worker does not affect the processing cost (in dollar) of a task.
Workers are equally reliable for all tasks.
Workers are equally productive for all tasks.
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by other types of flexibility (Chandrashekar, 1994). This study found significant

relationships between capacity flexibility and routing flexibility, material handling

flexibility, machine flexibility, and labor flexibility.

This study resulted in valid and reliable items for measuring each of the

eight dimensions of manufacturing flexibility. The items are presented in Table

5.2. Koste and Malhotra (1999) proposed four elements of manufacturing

flexibility, i.e., Range-Number, Range-Heterogeneity, Mobility, and Uniformity.

Though this study did not attempt to prove the existence of the four elements, the

concept of flexibility elements has been useful in generating multiple items for

measuring each flexibility dimension. The resulting measure for each flexibility

dimension consists of multiple items representing several elements of flexibility.

The finding of multiple items for flexibility measurement is important in a

number of ways. Ability to measure manufacturing flexibility is key to

understanding and improving the flexibility capability of an organization. Braglia

and Petroni (2000) reported that there is a lack of comprehensive measures for

flexibility. The results of this study contribute toward the development of the

comprehensive measures. The measure items provide organizations with

instruments for their flexibility improvement efforts. The use of multiple items for

measuring a dimension theoretically improves reliability of the measurement result

(Nunnally & Bernstein, 1994). The results show that the instruments are reliable.

New Product Flexibility versus Modification Flexibility

Two of the eight flexibility dimensions included in this study are new

product flexibility and modification flexibility. Both were found to be distinct

factors representing two different dimensions of flexibility. This result supports the

use of two distinct dimensions proposed by Dixon (1992) and Koste and Malhotra

(1999). But, this finding is in contrast to the studies by Chen et al. (1992), Ettlie
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and Penner-Hahn (1994), Hyun and Ahn (1992), and Sethi and Sethi (1990) who

used a single dimension, Product Flexibility, encompassing both the introduction of

new products and the modification of existing products. The use of a single

dimension might not be adequate for several reasons. Developing more radical

new products involves higher risks, more unpredictability, and uncertainty than

incremental new products. More radical new products require different

organization skills and processes (Nord & Tucker, 1987) and require more resource

commitment (Wheelwright & Clark, 1992). More radical products also require

more time to develop new capabilities (Sivadas & Dwyer, 2000).

Understanding the difference between new product flexibility and

modification flexibility helps organizations in developing and pursuing their

product strategy. As competition increases, organizations focus their product

strategies on differentiating themselves to survive. Some develop more radical new

products for new markets and others modify their existing products for lower costs

and/or better products to gain a competitive advantage. By knowing the difference

between the two dimensions of flexibility, organizations can choose a product

strategy that is best suited to their existing capability. In another scenario, once a

strategy is chosen, organizations can focus on developing the right capability to

support the strategy. Each capability might have a different impact on performance

(Olhager, 1993).

Using Correlation Analysis and Hierarchical Cluster Analysis, this study

further examined the nature of relationships among the eight dimensions of

flexibility. One of the key findings was the confirmation that new product

flexibility and modification flexibility are different in nature. There was no

significant correlation between them. Not only were the two consistently clustered

at the farthest distance, but they also have significantly different relationships with

other dimensions of flexibility. New product flexibility has five significant positive

relationships with routing, capacity, labor, material handling, and machine

flexibility, individually. On the other hand, modification flexibility was found to
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have only one significant positive relationship with operation flexibility. Labor

flexibility has a significant negative relationship with modification flexibility.

Hierarchy of Manufacturing Flexibility

This study suggests the existence of a hierarchy among manufacturing

flexibility dimensions. As explained in the previous section, the data analysis

found that new product flexibility and modification flexibility were consistently

grouped in the farthest clusters in all resulting dendrograms. The difference

between the two flexibility dimensions is further indicated by the fact that they

have different sets of dimensions to which they are closely related. New Product

Flexibility has the strongest positive correlation with Routing Flexibility (p =

0.555, p-value <0.001) and with Capacity Flexibility (p = 0.509, p-value < 0.00 1).

On the other hand, Modification Flexibility has the only significantly positive

correlation with Operation Flexibility (p = 0.245, p-value < 0.001). These results

imply that these three dimensions might be placed in the next lower level of a

hierarchy than the previous two dimensions (New Product Flexibility and

Modification Flexibility). The remaining three dimensions (i.e., Material Handling

Flexibility, Machine Flexibility, and Labor Flexibility) were found to have

moderate or no relationships with other dimensions in the previous two levels.

Material Handling Flexibility and Machine Flexibility have moderately positive

correlation with all three previous flexibility dimensions (i.e., Routing Flexibility,

Capacity Flexibility, and Operation Flexibility). Labor Flexibility has moderately

positive correlation with Routing Flexibility and Capacity Flexibility, but no

significant relationship with Operation Flexibility. The three dimensions of

Material Handling Flexibility, Machine Flexibility, and Labor Flexibility have

moderately positive correlation with New Product Flexibility, but no positive

correlation with Modification Flexibility. Labor Flexibility even has a significantly
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negative correlation with Modification Flexibility. These results suggest the

existence of a hierarchy among manufacturing flexibility dimensions. Figure 5.1

illustrates the suggested hierarchical model.

Figure 5.1 Hierarchy of Manufacturing Flexibility
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The suggested hierarchical model has three levels of flexibility dimensions,

which are Overarching, Shop-Floor, and Operational levels.

The OVERARCHING level consists of New Product Flexibility and

Modification Flexibility. The fact that these two dimensions are different with

no significant correlation suggests that, on the more strategic Overarching level,

organizations should be able to make an independent choice on which

capability they need to develop for each plant.

The SHOP-FLOOR level hosts the three dimensions, two of which have highly

significant positive correlations (i.e., coefficients of correlation> 0.5) with new

product flexibility and one dimension (operation flexibility) has significant

positive correlation with modification flexibility. The three dimensions at this

level have the highest coefficients of correlation with the higher level

flexibility. It implies that developing one of these dimensions (or capabilities)

might lead to significant improvement on the linked dimension (or capability)

in the Overarching level. The Shop-floor level's dimensions (i.e., Capacity

Flexibility, Routing Flexibility, and Operation Flexibility) include multiple

elements of a manufacturing system. They generally have moderate

correlations with dimensions in the Operational level, which are based on the

individual elements or resources of the system. This set of hierarchical

relationships suggests that flexibility at the Shop-floor level has a mediating

role between Operational level and Overarching level of flexibility.

The OPERATIONAL level includes Material Handling Flexibility, Machine

Flexibility, and Labor Flexibility. These flexibility dimensions are related to

the individual elements or resources of the manufacturing system (material

handling, machines, and labor).

Placing new product flexibility and modification flexibility at the higher

level of the hierarchy represents the more strategic roles of the dimensions. At the

Overarching level, an organization has strategic options in developing its flexibility
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for more radical new products or modified ones in each plant. The hierarchy is

divided into two parts representing the distinction between new product and

modification flexibility. Each of the two flexibility dimensions in the Overarching

level is supported by lower level flexibility dimensions. New product flexibility is

supported by capacity and routing flexibility at the Shop-floor level. These two

dimensions are supported by machine, material handling, and labor flexibility in the

Operation level. On the other side of the hierarchy, modification flexibility is only

supported by operation flexibility at the Shop-floor level. And, operation flexibility

is supported by machine and material handling flexibility at the Operational level.

As results of this study suggested, the hierarchy of manufacturing flexibility

might be used to provide a framework for manufacturing organizations to build a

desired flexibility. Building machine or material handling flexibility is suggested

to have positive impact on the higher levels of flexibility. Machine flexibility and

material handling flexibility seem to be beneficial in improving flexibility for

radical or incremental new products.

A manufacturing organization that tries to achieve higher flexibility for

more radical new products might also benefit from developing labor flexibility at

the Operational level, and capacity and routing flexibility at the Shop-floor level.

Building labor flexibility seems also to provide positive impact for higher capacity

flexibility and routing flexibility. Consequently, improving the flexibility of the

plant workers might be key for building capabilities needed for the development of

radical new products.

A manufacturing organization that focuses on achieving higher flexibility

for incremental or modified new products might also benefit by paying attention to

operation flexibility at the Shop-floor level. At the Operational level, machine and

material handling flexibility seem to provide support for higher operation

flexibility. Though they might be key for radical new products, flexible workers

might not be beneficial for incremental or modified new products. The ability of a

worker to efficiently move from a task to another would certainly be needed in
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developing a radical new product characterized by significant changes in product

and process technologies. Developing incremental or modified products might not

require the same ability of workers possibly as a result of overlapped responsibility,

lower motivation, or reduced performance (Schultz et al., 2003).

In addition to the implications for practitioners, the hierarchy of

manufacturing flexibility and the examination of the relationships among flexibility

dimensions contribute to the body of knowledge and provide support of the

relationships. These findings are significant because previous research has not

examined the interrelationships among different flexibility dimensions. "To date,

very little is known about potential trade-offs or possible synergies that may exist

among these variables" (Vokurka & O'Leary-Kelly, 2000, page 499). This study

provides some evidence of the relationships between the eight dimensions of

manufacturing flexibility. The suggested hierarchy of manufacturing flexibility

supports the theoretical framework by Koste and Maihotra (1999). Compared to

their framework, machine, material handling, and labor flexibility were placed in

the same Operational level or base level of the hierarchy. Operation and routing

flexibility were placed in the same next level of the hierarchy (i.e., Shop-floor

level). The key difference is that the results from this research support a hierarchy

in which capacity flexibility is included at the Shop-floor level together with

operation flexibility and routing flexibility. Capacity flexibility was found to have

a significant positive correlation with new product flexibility in the Overarching

level and with all three dimensions in the Operational level. Unlike many other

hierarchies, the hierarchy resulting from this study offers information about the

relationships among the eight flexibility dimensions. The hierarchy is divided into

two parts representing the distinction between new product and modification

flexibility. In each part, positive correlations were found among flexibility

dimensions in Overarching, Shop-floor, and Operational levels. These findings

contribute to the discussions on the hierarchy of manufacturing flexibility and

allow other researchers to reevaluate the existing theoretical hierarchies.
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5.2 Relationships between Manufacturing Flexibility and New Product
Performance

Analysis was conducted to test all research hypotheses developed in

examining the relationships between manufacturing flexibility and new product

performance and the impact of a certain variable on the relationships. Results of

the analysis are summarized in Tables 5.3 5.11. Table 5.3 summarizes the results

from examining the direct relationships between eight manufacturing flexibility

dimensions and three measures of new product performance (Hypothesis 1). Table

5.4 summarizes the results from examining the impact of new product type on the

relationships between manufacturing flexibility and new product performance

(Hypothesis 2). The new product type was divided into three levels, i.e.,

incremental new product, radical new products, and a middle level representing

new products requiring moderate changes. Results related to Hypothesis 3 examine

the impact of value creation mode, and are summarized in Table 5.5. The value

creation mode was defined as product focus, process focus, and market focus. The

value of a certain focus is represented by the relative score when compared to the

scores obtained for both of the remaining two foci. The final analysis was focused

on the impact of manufacturing system in the relationships between manufacturing

flexibility and new product performance. The relationships were examined for

each of the six manufacturing system types (Hypothesis 4). The results are

summarized in Tables 5.6-5.11.
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Table 5.3 Results on the Relationships between Manufacturing Flexibility and
New Product Performance (n=273)

Hypothesis 1: Manufacturing flexibility has a significant relationship with
new product performance

Hi Manufacturing Flexibility
New Product Performance

Quality
Cost and
Delivery

Market
Success

a New Product Flexibility 0 0 +

b Modification Flexibility 0 0 +

c Capacity Flexibility 0 0 0
d Routing Flexibility 0 0 +

e Operation Flexibility + 0 +

f Material Handling Flexibility 0 0 0
g Machine Flexibility 0 0 +

j Labor Flexibility 0 0

+ -Positive and significant relationship
-Negative and significant relationship

0 -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)



Table 5.4 Results on the Impact of New Product Type

Hypothesis 2: New product type moderates the relationship between
manufacturing flexibility and new product performance

New Product
Type

Incremental
New Products

(n = 105)

Moderate
Changes in

New Products
(n 96)

Radical
New Products

(n = 72)

Manufacturing Flexibility

New Product Flexibility
Modification Flexibility
Capacity Flexibility
Routing Flexibility
Operation Flexibility
Material Handling Flexibili
Machine Flexibility
Labor Flexibility
New Product Flexibility
Modification Flexibility
Capacity Flexibility
Routing Flexibility
Operation Flexibility
Material Handling Flexibili
Machine Flexibility
Labor Flexibility
New Product Flexibility
Modification Flexibility
Capacity Flexibility
Routing Flexibility
Operation Flexibility
Material Handling Flexibili
Machine Flexibility
Labor Flexibility
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New Product Performance
Cost and Market

Quality
Delivery Success

0 0 0

0 0 0

0 +
0 0 +
0 0

0 0 +

0 0

0 0

0 0 +

0 +

0 0

+ 0 +

0 0 0

+ 0 0
0 0 0

0 0 0

+ 0 +

0 0 +

0 0 0
0 0 0
0 0 +

0 0 0

+ 0 0
0 0 0

+ -Positive and significant relationship
-Negative and significant relationship

0 -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a 0.05, 2-tailed)



Table 5.5 Results on the Impact of Value Creation Mode

Hypothesis 3: Value creation mode moderates the relationship between
manufacturing flexibility and new product performance

Value Creation
Mode

Product Focus
(ii = 79)

Process Focus
(n = 32)

Market Focus
(n=52)

Manufacturing Flexibility

New Product Flexibility
Modification Flexibility
Capacity Flexibility
Routing Flexibility
Operation Flexibility
Material Handling Flexibility
Machine Flexibility
Labor Flexibility
New Product Flexibility
Modification Flexibility
Capacity Flexibility
Routing Flexibility
Operation Flexibility
Material Handling Flexibility
Machine Flexibility
Labor Flexibility
New Product Flexibility
Modification Flexibility
Capacity Flexibility
Routing Flexibility
Operation Flexibility
Material Handling Flexibility
Machine Flexibility
Labor Flexibility
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New Product Performance

Quality
Cost and
Delivery

Market
Success

+ + +

o 0 +
+ + +

+ 0 +

o o +

+ 0 +

+ 0 +
+ + 0

+ + 0

o 0

0
- 0

+ 0 0
o 0

o o 0

o 0
+ 0 0

o 0 +

o 0 0
0 0

+ -)Positive and significant relationship
-Negative and significant relationship

o -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)
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Table 5.6 Results in the Job Shop Manufacturing System (n = 70)

No. Manufacturing Flexibility
New Product Performance
.

Quality
Cost and
Delivery

Market
Success

1 New Product Flexibility 0 + +

2 Modification Flexibility 0 0 +

3 Capacity Flexibility 0 0

4 Routing Flexibility 0 0
5 Operation Flexibility 0 0 0
6 Material Handling Flexibility 0 0 0
7 Machine Flexibility 0 0 0
8 Labor Flexibility + + 0

+ -)Positive and significant relationship
-Negative and significant relationship

o -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)

Table 5.7 Results in the Batch Flow Manufacturing System (n = 62)

No. Manufacturing Flexibility
New Product Performance
.

Quality
Cost and
Delivery

Market
Success

I New Product Flexibility + 0 0
2 Modification Flexibility + -

3 Capacity Flexibility 0 + 0
4 Routing Flexibility 0 0 +

5 Operation Flexibility + 0
6 Material Handling Flexibility 0 0
7 Machine Flexibility 0 0

8 Labor Flexibility 0 0

+ -Positive and significant relationship
-Negative and significant relationship

0 -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)
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Table 5.8 Results in the Line Flow Manufacturing System (n = 29)

No. Manufacturing Flexibility
New Product Performance
.

Quality
Cost and
Delivery

Market
Success

1 New Product Flexibility 0 + +

2 Modification Flexibility + 0 +

3 Capacity Flexibility 0 0 +

4 Routing Flexibility 0 0 +

5 Operation Flexibility + 0 +

6 Material Handling Flexibility + 0 +

7 Machine Flexibility + 0 +

8 Labor Flexibility 0 0 0

+ -Positive and significant relationship
-Negative and significant relationship

o -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)

Table 5.9 Results in the Continuous Flow Manufacturing System (n = 28)

No. Manufacturing Flexibility
New Product Performance

Quality
Cost and
Delivery

Market
Success

1 New Product Flexibility 0 0 +

2 Modification Flexibility 0 - -

3 Capacity Flexibility 0 0
4 Routing Flexibility + 0 0
5 Operation Flexibility + + 0
6 Material Handling Flexibility 0 0 0
7 Machine Flexibility + + +

8 Labor Flexibility + + 0
+ -)Positive and significant relationship

-Negative and significant relationship
0 -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)
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Table 5.10 Results in the Just-In-Time (fIT) Manufacturing System (n = 48)

No. Manufacturing Flexibility
New Product Performance
.

Quality
Cost and
Delivery

Market
Success

I New Product Flexibility 0 0
2 Modification Flexibility 0 0 0

3 Capacity Flexibility 0 0

4 Routing Flexibility 0 0
5 Operation Flexibility + 0 +

6 Material Handling Flexibility 0 0 0
7 Machine Flexibility 0 0 0
8 Labor Flexibility 0 -

+ -Positive and significant relationship
-Negative and significant relationship

o -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)

Table 5.11 Results in the Flexible Mali ufacturing System (FMS) (n = 36)

No. Manufacturing Flexibility
New Product Performance
.

Quality
Cost and
Delivery

Market
Success

I New Product Flexibility 0 + 0
2 Modification Flexibility + 0 +

3 Capacity Flexibility 0 + +
4 Routing Flexibility + 0 +
5 Operation Flexibility 0 -

6 Material Handling Flexibility + + +

7 Machine Flexibility 0 + +

8 Labor Flexibility 0 0
+ -)Positive and significant relationship

-Negative and significant relationship
0 -No significant relationship
Bonferroni adjusted level of significance is 0.003 (a = 0.05, 2-tailed)
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5.2.1 Manufacturing Flexibility and New Product Performance

Key findings related to the relationships between manufacturing flexibility

and new product performance are summarized in Table 5.12. These findings cover

one-on-one relationships between the eight dimensions of manufacturing flexibility

and the three measures of new product performance. In total, 24 hypothesized

relationships were tested. Seven relationships, six positive and one negative, were

found to be significant.

Table 5.12 Key Findings on Hypothesis 1

The findings suggested that the correlation between manufacturing flexibility and
market success are stronger than between manufacturing flexibility and the other
two measures of new product performance, i.e., quality (p-value = 0.03 84) and
cost and delivery (p-value = 0.0068). In other words, manufacturing flexibility is
more correlated with market success than with quality or cost and delivery. The
difference between quality and cost and delivery was found to be insignificant (p-
value 0.1446).

Operation flexibility has a positive correlation with quality (p-value < .001).
New product flexibility has a positive correlation with market success
(p-value < .00 1).
Modification flexibility has a positive correlation with market success
(p-value < .00 1).
Routing flexibility has a positive correlation with market success
(p-value < .001).
Operation flexibility has a positive correlation with market success
(p-value < .00 1).
Material handling flexibility has a positive correlation with market success
(p-value < .00 1).
Labor flexibility has a negative correlation with market success
(p-value < .001).
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The relationships between manufacturing flexibility and new product

performance were further explored by taking new product type, value creation

mode, and manufacturing system into consideration. The findings of the

relationships for each level of the variables are discussed in the following sections.

Manufacturing flexibility is considered an ability of a manufacturing system

to cope with the changes in the market. When the ability to adapt improves, the

chance of market success should improve as well. But, research data suggested that

an improved ability to cope with market changes does not support performance in

quality and product cost and delivery. It is believed that these internal

performances are often dependent on product design, quality of resource input, and

reliability of manufacturing processes, rather than the flexibility of the system.

The findings on the relationships between manufacturing flexibility and

new product performance were based on data from the whole sample, without

considering the impact of different levels of new product type, value creation mode,

or different types of manufacturing system. These findings provide a general

understanding of the nature of the relationship between flexibility and new product

performance. Theoretically, the findings move closer toward the understanding of

the direct relationship between flexibility and new product performance.

Comparing the findings to results from other research in similar settings or in

different areas of industry will benefit to the body of knowledge. Though, practical

implications are limited due to the generalizability of these findings.

Manufacturing organizations need to know how the nature of relationships changes

across different levels of new product type or different foci of value creation mode.

Managers need to know also if different types of manufacturing system impact the

nature of the relationships.
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Manufacturing Flexibility and Quality

Based on previous research, there are two different ways of looking at the

relationship between flexibility and quality. In the first interpretation, there is no

relationship between flexibility and quality (Ettlie & Penner-Hahn, 1994). These

two variables have been demonstrated to be independent. The other understanding

is that flexibility penalizes product quality. The pursuit of flexibility is perceived

to compromise the performance in product quality. The findings from this research

do not support that flexibility penalizes quality. Without considering the variables

of new product type, value creation mode, or manufacturing system, the research

data revealed no evidence of negative correlations between flexibility and quality.

In fact, a positive correlation was found between operation flexibility and quality.

Manufacturing Flexibility and Cost and Delivery

Research data suggests that there is no relationship between manufacturing

flexibility and product cost and delivery. Insignificant correlation was found

between each flexibility dimension and the performance of product cost and

delivery.

Manufacturing Flexibility and Market Success

The results of this study also imply that flexibility is significant in the

market success of new products. Five out of eight flexibility dimensions show

positive correlation with market success. Only one, labor flexibility, has a negative

impact on market success. Theoretically, flexible workers will increase

performance by efficiently moving from a task to another in a bottleneck situation.
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In practice, the flexible workers could lead to overlapped responsibilities, lower

motivation, or work interruptions. In turn, they will penalize product performance

and could offset their potential advantages. Schultz et al. (2003) found that flexible

workers in a work-sharing environment operate more slowly due to fewer

incentives on individual performance and frequent work interruptions. This

performance loss could be significant if the organization does not address these

behavioral issues.

5.2.2 Impact of New Product Type

The impact of new product type was examined by comparing the

relationships in three different settings, incremental, moderate, radical new

products. Key findings are summarized in Table 5.13.

Table 5.13 Key Findings on Hypothesis 2

From this research it is suggested that in more radical new products,
manufacturing flexibility is more positively correlated with new product
performance.

Manufacturing flexibility is more correlated with new product performance:
in radical new products than in moderate new products (p-value = .0329).
in radical new products than in incremental new products (p-value .0040).
in moderate new products than in incremental new products (p-value = .0329).

The positive impact of flexibility is found to be more significant in the

development of more radical new products. This positive impact was shown across

all three measures of new product performance. In more radical new products,

flexibility does not seem to penalize performance in product quality, cost, and

delivery.
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The findings suggest several practical implications. First, practitioners

might need to consider attaining more flexibility for their manufacturing plants

when they focus on developing more radical new products. Flexibility is found

significantly correlated with higher new product performance. Major changes in

product and process technologies require an ability of manufacturing system to

adapt to the changes and to deliver new products in an efficient and effective way.

Radical new products are commonly believed to provide a long-term success in the

market by penetrating new opportunities and creating new markets. But, the

findings suggest that flexibility impacts positively not only to market success, but

also to quality and cost and delivery.

The second implication suggests a dedicated plant for a certain type of new

product. The findings imply that a plant for radical new products should be

different from a plant for incremental or modified new products. The level of

flexibility required for both types of new product is different. Furthermore, in less

radical new products, several dimensions of flexibility were found to have negative

correlation with product performance. Flexibility might be unimportant, and even

detrimental, to a manufacturing system dedicated for incremental new products.

5.2.3 Impact of Value Creation Mode

The impact of value creation mode was examined by comparing the

relationships in three different settings, i.e., product focus, process focus, and

market focus. The examination of these three foci was based on the relative score

for each value creation mode in comparison to other modes. Product focus means

that this variable scores higher than the scores in process focus or market focus.

Similarly, process focus represents the higher scores in the variable of product

focus than those in product focus or market focus. Market focus represents higher
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scores in market focus than those in the other two foci. Key findings on the impact

of value creation mode are summarized in Table 5.14.

Table 5.14 Key Findings on Hypothesis 3

The findings suggested that manufacturing flexibility is more positively
con-elated with new product performance in a product focus environment that in
other value creation modes, i.e., process focus (p-value < 0.0002), market focus
(p-value = 0.00 1 1). Manufacturing flexibility is more positively correlated with
new product performance in market focus than in process focus (p-value =
0.0003).

In a product focus environment, manufacturing flexibility shows significant
support for new product performance.
In a market focus environment, the role of flexibility is diminishing in
supporting new product performance.
In a process focus environment, manufacturing flexibility was found to have
more negative associations with new product performance.

In product focus, where the role of R&D is more significant than the roles

of manufacturing and marketing functions in new product development efforts,

flexibility dimensions were shown to have significantly more positive associations

with new product performance. There are no negative associations with any

measures of performance. All flexibility dimensions show positive support to

market success, except labor flexibility with no support found. Intensity in R&D

generally results in rather major changes of new products. The results in product

focus are consistent to the ones in radical new products.

These findings are consistent with the belief that R&D's role is essential in

achieving long-term goals of market success. Hsieh, Mishra, and Gobeli (2003)

found a positive association between R&D and market success. Furthermore, the

authors indicate that investment in R&D provides a higher impact, about twice, to
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market value than investment in fixed assets does. In an R&D intensive

environment, flexibility finds its fit in supporting new product performance.

The practical implication for manufacturing organizations mainly is an

understanding on the impact of choosing a single dominant emphasis of R&D,

Manufacturing, or Marketing function on the performance of new product. If R&D

is the primary function, then improving flexibility might be beneficial to the

performance of new products, internally and externally in the market. Increasing

flexibility in the other two environments might not as beneficial. It does not mean

that in the process focus or market focus environment there will be no success in

introducing new products. But, the success, if it happens, might be mostly

influenced by other factors than manufacturing flexibility.

This study examined only a single factor of value creation mode. It did not

evaluate the impact of a combination of two foci, which is often found in practical

situations. Therefore, assessment on a balanced emphasis among two or three

value creation modes will not be discussed. Further research is implied.

5.2.4 Impact of Manufacturing System Type

Table 5.15 summarizes key findings on the examinations of the impact of

six different manufacturing systems on the relationships between flexibility and

new product performance.
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Table 5.15 Key Findings on Hypothesis 4

The results from this study suggested that the level of positive correlation
between manufacturing flexibility and new product performance is higher in a
Line Flow manufacturing system than in any other manufacturing system. The
next highest level of positive correlation was found in a Flexible Manufacturing
System (FMS).

More positive correlation between flexibility and new product performance were
found in Line Flow, Flexible Manufacturing System (FMS), and Continuous Flow
manufacturing systems than in Job Shop, Batch Flow, and Just-In-Time (JIT)
manufacturing systems.

Figure 5.2 summarizes the numbers of significantly positive and negative

correlations between manufacturing flexibility and product performance in six

manufacturing systems. For each manufacturing system, there are 24 relationships

being examined combining eight dimensions of flexibility and three measures of

new product performance.

The Impact of Manufacturing System
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Figure 5.2 Number of Significant Correlations in Six Manufacturing Systems
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The graph suggests that there are different groups of manufacturing system

in which manufacturing flexibility provides either a high or a low degree of

positive impacts to new product performance. In three manufacturing systems, i.e.,

Line Flow, FMS, Continuous Flow, higher numbers of positive correlation between

flexibility and new product performance were found. In Line Flow, at the highest,

there are twelve positive correlations and no negative. In FMS, there are twelve

positive and four negative correlations. In Batch Flow and JIT, the negative

correlations outnumber the positive ones.

In each manufacturing system, research data suggested additional key

findings on the relationships between manufacturing flexibility and new product

performance. In the Job Shop environment, flexibility at the highest level of the

hierarchy (i.e., new product and modification flexibility) seems to support market

success. Labor flexibility was found to have positive correlations with product

quality and cost and delivery.

In Batch Flow production system, flexibility dimensions at the highest level

support product quality. Routing flexibility was found to greatly impact market

success. Flexibility at the lower level tends to compromise product cost and

delivery.

In Line Flow environment, there are no negative correlations found between

flexibility and product performance. All dimensions of flexibility, except labor,

were found to have positive correlation with market success, in particular. Though

there is no negative correlation found, flexibility might have a limited impact on

product cost and delivery.

In Continuous Flow, flexibility was found to have more impact on product

quality. Lower level's dimensions seem to provide more support to all measures of

product performance. While new product flexibility seems to strongly support

market success, modification flexibility, in an opposite direction, might inhibit

market success.
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In JIT, it suggests that there is limited impact of flexibility on product

performance. Labor flexibility was found to have negative impact on market

success and cost and delivery.

In FMS environment, most dimensions of flexibility were found to support

market success. It is a similar finding for the population in general. Though the

positive impact is limited, there is no negative correlation found between flexibility

and product quality. Material handling and machine flexibility tends to support all

product performance.

In conclusion, improving new product performance through flexibility,

though it might help, it is not enough. Even though direct relationships are found

statistically significant, they may be practically insignificant or unimportant. The

largest variance explained by the direct relationships is only 7.5 %. Organizations

could take more advantages of flexibility by understanding the roles of other

factors in the relationship between flexibility and product performance. Examining

the relationships in different manufacturing systems or in different levels of new

product type and value creation mode increases significantly the understanding of

the role of flexibility. Subsequently, more understanding of the relationships

increases the chance of being successful. By including new product type in the

relationship between flexibility and product performance, the largest variance

explained could increase to 25%. By including value creation mode in the

relationship between flexibility and product performance, the largest variance

explained could increase to 72%. And finally, by including the variable of

manufacturing system in the relationship between flexibility and product

performance, the largest variance explained could increase to 97%.
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5.3 Limitations

This study was conducted in a specific area of industry, which is the U.S.

electronic manufacturing industry (SIC 367). Findings from this study, therefore,

are relevant only in the area of study. However, the wide scope of new product

type, value creation mode, and manufacturing system used by organizations under

study might be useful in connecting the results to other areas of industry.

This study examined eight dimensions of flexibility. Several other

dimensions such as volume and product mix flexibility were excluded. Findings on

the manufacturing flexibility in this study, therefore, represent only the eight

dimensions of flexibility. This implies that the suggested hierarchy from this

research is intended only for selected flexibility dimensions that relate to new

product development. The hierarchy is useful in the area of new product

development, but does not offer the whole picture of flexibility.

In examining the impact of value creation mode, this study focused only on

a single factor of value creation mode. It did not evaluate the impact of a

combination of two foci, which is often found in practical situations. The results

could not be applied to organizations that emphasize equally on two foci in their

new product development efforts.

5.4 Future Research

The findings of this study provide a foundation for future research aimed at

understanding the relationship between manufacturing flexibility and new product

performance. Conducting similar research in different areas of industry will be

beneficial to both researchers and practitioners. Comparing and contrasting various

results from various areas of industry will increase our understanding of the

subject.



Research on balanced emphasis of two or all foci of value creation mode is

suggested. Often, an organization provides equal emphasis on two functions as its

primary driver of new product development efforts, for example, R&D and

Marketing, R&D and Manufacturing functions, or a balance among the three

functions. Examining these combinations might reveal different findings and

consequently more understanding on the roles of the three functions individually or

in combination.

Since flexibility and performance exhibited new product type effect, future

research would need to examine factors in radical new products, which facilitate

more positive relationships between flexibility and new product performance.

Similarly, research is needed to confirm the existence of value creation mode effect

and manufacturing system effect. In particular, a closer examination is needed to

understand why, in product focus (R&D intensive) environment, the impact of

flexibility seems to be significantly positive to new product performance. In

another direction, further examination is proposed to understand why, in process

focus environment, flexibility seems to penalize new product performance.
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Appendix A Results of Q-sort Analysis

Dimension
Ele-

ment____________________________________________________
Items

The number of operations sequencing plans to produce a
product/part is high.
The ordering of several operations for a part/product type can be
done in many different ways.

RN
There are a large number of interchanges or substitutions of
operations.
There is a large variety of interchanges or substitutions of
operations.
A sequence of operations can produce various types ofR-H

Operation parts/products.
Sequencing plans of operations differ greatly from one another.

Fl bltexi 1 1

Changes in sequencing plans can be made easily.
Changes in sequencing plans can be made quickly.M
Changes in sequencing plans can be made economically.
Alternate sequencing plans are equally effective, in terms of
quality.
Alternate sequencing plans are equally effective without incurring

U time delay.
Alternate sequencing plans are equally effective, in terms of cost
(in dollars).
All sequencing plans achieve similar performance.
The number of products/parts that have alternate routes is high.

R-N A large number of alternate routes are available to process a
product/part.
A typical route can use many different machines.
A route can process a variety of products/parts.
Various routes, which are not very similar to one another, can

R-H process a partlproduct.
A route can process products/parts, which differ greatly to one
another.

Routin
Flexibility

Route changes can be made easily.
Route changes can be made quickly.M
Route changes can be made economically.
Alternate routes are equally effective, in terms of quality.
Despite machine breakdowns, an alternate route is always

U available without incurring time delay.
Alternate routes are equally effective, in terms of cost (in dollars)
All alternate routes achieve similar performance.



157

Appendix A (Continued)

Dimension
Ele-
ment

Items

The size of volume increase that the existing capacity can handle
is large.
Production volume is frequently changed to accommodate changes
in demand.

R-N

The existing capacity can adjust to a large number of production
volume changes.
Variation of capacity changes is high.
The changes in production volumes are very different from each

R-H other.
Capacity The existing capacity can handle a high variation in volume

Flexibility changes.
Capacity changes can be made easily.
Capacity changes can be made quickly.M
Capacity changes can be made economically.
Changes in capacity are equally effective, in terms of quality.
Changes in capacity are equally effective, in terms of cost (in

U
dollars).
Changes in capacity are equally effective, without incurring in
time delay.
Changes in capacity achieve similar performance.
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Appendix B Research Instruments

February 7, 2002

Dear Mr./Mrs..........

This letter is to request your participation in a study concerning manufacturing
flexibility. The Industrial and Manufacturing Engineering Department at Oregon
State University is conducting a national study exploring the relationship between
manufacturing flexibility and product development performance. Flexibility has
been considered an important factor in manufacturing for some time. Product
development performance is of increasing importance to organizations. This study
will provide new information about the relationship between manufacturing
flexibility and product development performance.

By participating in this study, you will learn more about your own organization in
comparison to other similar organizations and you will have access to the study
findings before the general population. Participation requires only that a
knowledgeable person within the organization spends approximately 20 minutes
completing the enclosed questiolmaire. The completed questionnaire should be
returned in the attached envelope by February 28, 2002.

The questionnaire should be completed by someone familiar with the operations of
the manufacturing plant. The person could be the President, V.P. of
Engineering/Manufacturing, General Manager, Plant Manager, Manufacturing
Engineer, or someone similar.

We assure you that all information you provide is strictly confidential and will only
be reported as aggregated with other data. Participation in this study is voluntary.
Please email me if you have any questions, concerns, or comments about the study
at dwi.larso@oregonstate.edu.

Sincerely,

Dwi Larso
Research Director
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Appendix B (Continued)

Manufacturing Flexibility in New Product Development
A Survey of the U.S. Electronics Manufacturers

Purpose

This research is to investigate the relationship between the manufacturing flexibility
and the effectiveness of new product development. This will also result in a

comprehensive framework for assessing manufacturing flexibility.

Your participation in this survey is critical to the success of the research. You can be
sure that all information you provide is strictly confidential.

Thank you for your participation!

Research Directors

Dwi Larso, Ph.D. Candidate, ph./fax: 541-753-6619
Maria E. Hacker, Associate Professor, ph.: 541-737-3255

Department of Industrial and Manufacturing Engineering
Oregon State University, Corvallis, OR 97331-2407
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Appendix B (Continued)

Section 1 - New Product Development

Direction I: Please identify the most recent new product that has been developed in your
plant, completed, and introduced into the market. Use this new product as a
reference to answer questions in this survey.

1. Relative to previous products and processes, please indicate thenewness of the product you
just identified and the related processes. (Circle only one number/or each question)

NOT NEW AT ALL COMPLETELY NEW
(1) (7)

a. How new was the new product you just identified? 1 2 3 4 5 6 7
b. How new were product technologies employed during the

6product development? 1 2 3 4 5 7

c. How new were process technologies employed during the
4 6 7product development? 2 3

d. How new were the product parts to your plant? 1 2 3 4 5 6 7
e. How new were the product modules (e.g., sub-systems, sub-

4 5 6 7assemblies)_to_your plant? 1 2 3

f How new was the product architecture/configuration (the
4 5 6 7way modules are linked together) to your plant? 1 2 3

g. How new were the manufacturing processes to your plant? 1 2 3 4 5 6 7

h. How new was the process flow or layout to your plant? 1 2 3 4 5 6 7
i. How new were the manufacturing tools to youplant? 1 2 3 4 5 6 7

2. Relative to the objectives set before the start of the project, please indicate to what degree the
performance of the new product met the objectives in the following criteria. (Circle onlyone
number for each item)

MUCH WORSE
(1)

MUCH BETTER
(7)

a. Product features (performance) 1 2 3 4 5 6 7
b.Product conformance (quality) 1 2 3 4 5 6 7
c. Product unit cost 1 2 3 4 5 6 7
d. Product time-to-market 1 2 3 4 5 6 7
e. Total sales 1 2 3 4 5 6 7

f Market share 1 2 3 4 5 6 7
g. Sales growth 1 2 3 4 5 6 7
h. Profit margin 1 2 3 4 5 6 7
i.Return on Investment (ROl) 1 2 3 4 5 6 7

(PLEASE GO ON TO TILE NEXT PAGE)
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Appendix B (Continued)

3. Please indicate the degree to which you disagree or agree with each statement regarding the
roles of R&D, Marketing, and Manufacturing functions in the product development. (Circle
only one number for each statement)

STRONGLY STRONGLY
DISAGREE AGREE

(1) (7)

a. The R&D function's staff initiated the product idea. 1 2 3 4 5 6 7

b. The Marketing function's staff initiated the product idea. 1 2 3 4 5 6 7

c. The Manufacturing function's staff initiated the product
idea.

1 2 3 4 5 6 7

d. The R&D function was most influential in the decision to
ahead with the project.

1 2 3 4 5 6 7__g
e. The Marketing function was most influential in the

decision_to_go_ahead with_the_project.
1 2 3 4 5 6 7

f The Manufacturing function was most influential in the
decision_to_go_ahead_with_the_project.

1 2 3 4 5 6 7

g. The R&D function contributed the most to the project from
start to_completion.

1 2 3 4 6 7

h. The Marketing function contributed the most to the project
from start to completion.

1 2 3 4 5 6 7

i. The Manufacturing function contributed the most to the
project_from_start_to_completion.

1 2 3 4 5 6 7

j. The R&D function is the primary driver of the company's
new product development efforts.

1 2 3 4 5 6 7

k. The Marketing function is the primary driver of the
company's_new product_development efforts.

1 2 3 4 6 7

1. The Manufacturing function is the primary driver of the
company's new product development efforts.

1 2 3 4 5 6 7

m. The R&D function controls the most resources for new
product development efforts.

1 2 3 4 5 6 7

n. The Marketing function controls the most resources for
new product development efforts.

1 2 3 4 6 7

o. The Manufacturing function controls the most resources
for new product development efforts.

1 2 3 4 5 6 7

p. The R&D function has the most responsibility in
developing new products.

1 2 3 4 5 6 7

q. The Marketing function has the most responsibility in
developing new products.

1 2 3 4 5 6 7

r. The Manufacturing function has the most responsibility in
deping new products. 1 2 3 4 5 6 7
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Appendix B (Continued)

Section II - Manufacturing Flexibility

Direction II: In this section, you will be asked to indicate the degree to which you disagree
or agree with each statement regarding the flexibility of your manufacturing
plant. As a reference, please consider the status of your plant prior to or
during the development of the new product.

4. Please indicate the capabilities of your plant with respect to new product introductions,
modifications, or capacity changes. (Circle only one number for each statement)

STRONGLY
DISAGREE

(1)

STRONGLY
AGREE

(7)
a. The number of new products introduced into production

each year is high. 1 2 3 4 5 6 7

b.New products are very different to existing products. 1 2 3 4 5 6 7
c. New products are radical improvements of existing

products. 1 2 3 4 6 7

d. New products create platforms for new product lines. 1 2 3 4 5 6 7
e. The start-up cost (in dollars) of introducing new products

into full-scale production is low. 1 2 3 4 5 6 7

f Manufacturing system performance is not affected when a
new product is introduced into the production system. 2 3 4 5 6 7

g. The average costlunit of products is not affected when a
new product is introduced into the production system. 1 2 3 4 6 7

h. The features of existing products are often modified. 1 2 3 4 5 6 7
1. There are a large number of modified products produced

each year. 1 2 3 4 6 7

j. Existing product lines are frequently modified. 1 2 3 4 5 6 7
k. Modified products can be made quickly. 1 2 3 4 5 6 7

1. The existing capacity can adjust to a large number of
production volume changes.

1 2 3 4 5 6 7

m. The existing capacity can handle a high variation in
volume changes. 1 2 3 4 5 6 7

n. Capacity changes can be made quickly. 1 2 3 4 5 6 7
o. Capacity changes can be made economically. 1 2 3 4 5 6 7
p. Changes in capacity do not increase time delays. 1 2 3 4 5 6 7

(PLEASE GO ON TO TILE NEXT PAGE)
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Appendix B (Continued)

Reminder
As a reference, please consider the status of your plant prior to or during the
development of the new product.

5. Please indicate the capabilities of your plant with respect to production routing, operations
sequencing, or material handling. (Circle only one number for each statement)

STRONGLY STRONGLY
DISAGREE AGREE

(1) (7)
a. A route can process products/parts, which differ greatly to

4 7one another. 1 2 3 5 6

b. A route can process a variety of products/parts. 1 2 3 4 5 6 7
c. Route changes can be made quickly. 1 2 3 4 5 6 7

d. Alternate routes do not increase costs. 1 2 3 4 5 6 7
e. Alternate routes do not decrease quality of products/parts. 1 2 3 4 5 6 7

f The ordering of several operations for a part/product type
can be done in many different ways. 1 2 3 4 5 6 7

g. There are a large number of interchanges or substitutions
2 4 5 6 7of operations. 1 3

h. There is a large variety of interchanges or substitutions of
2 3 4 5 6 7operations.

i. Alternate sequencing plans do not increase costs. 1 2 3 4 5 6 7
j. The material handling system can transport materials of

2 4 7different sizes. 1 3 5 6

k The material handling system can transport a wide variety
of materials. 1 2 3 4 6 7

1. Changing a material handling path is inexpensive. 1 2 3 4 5 6 7

m. Changing a material handling path is quick. 1 2 3 4 5 6 7

n. The choice of material handling path does not affect the
material transfer time. 1 2 3 4 5 6 7

o. The choice of material handling path does not affect the
efficiency of material transfer. 1 2 3 4 6 1

p. The choice of material handling path does not affect the
2 3 4 5 7material transfer cost (in dollars). 1 6

(PLEASE TURN THE PAGE)



164

Appendix B (Continued)

Reminder
As a reference, please consider the status of your plant prior to or during the
development of the new product.

6. Please indicate the capabilities of your machines and workers at your plant, on average.
(Circle only one number for each statement)

STRONGLY STRONGLY
DISAGREE AGREE

(1) (7)
a. Typical machines can use many different tools.

1
1 2 3 4 5 6 7

b. Machines can perform operations, which are not very
similar to one another. 1 2 3 4 5 6 7

c. Machines can perform a high variety of operations. 1 2 3 4 5 6 7

d. Machines produce equal quality for all operations. 1 2 3 4 5 6 7

e. Machines are equally reliable for all operations. 1 2 3 4 5 6 7

f Workers can perform a large number of tasks. 1 2 3 4 5 6 7

g. A small cost is incurred (in dollars) when workers are
moved between different tasks. 1 2 3 4 5 6 7

h. A small productivity is lost when workers are moved
between different tasks. 1 2 3 4 5 6 7

i. Workers perform all tasks with equal quality. 1 2 3 4 5 6 7

j. Choice of worker does not affect the processing cost (in
dollar) of a task. 1 2 3 4 5 6 7

k.Workers are equally reliable for all tasks. 1 2 3 4 5 6 7

1. Workers are equally productive for all tasks. 1 2 3 4 5 6 7

Section III - General Information

Direction III: In this last section, you will be asked to provide general information about
your company, plant and you as a respondent. This information will be used in
aggregate basis only to provide description about the sample. Once again, we
assure you of the strictest confidentiality in handling this information.

7. What are your primary products?
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8. How do you categorize your plant's production system? (Circle the number)

1 Job Shop
2 Batch Flow
3 Line Flow
4 Continuous Flow
5 Just-In-Time (flT)
6 Flexible Manufacturing System (FMS)
7 Other:

9. How many people does your plant currently employ? (Circle only one number)

I LESS THAN 26
2 26-50
3 51-100
4 101-250
5 251-500
6 501-1000
7 MORE THAN 1000

10. How many people does your company currently employ? (Circle only one number)

1 LESS THAN 26
2 26-50
3 51-100
4 101-250
5 251-500
6 501-1000
7 MORE THAN 1000

11. What is your job title?

12. How many years and months have you been in this position?

________(YEARS) ________(MONTHS)

13. How many years and months have you been with this company?

________(YEARS) ________(MONTHS)

(PLEASE TURN TO THE LAST PAGE)
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Appendix B (Continued)

14. Is there anything else you would like to say related to this research in general?

If you would like to receive the results of this research, please provide your name and address
below or attach a business card.

Name:
Department:

Company:

Address:

Please return your completed questionnaire in the enclosed envelope to:

Dwi Larso
Department of Industrial and Manufacturing Engineering

Oregon State University, Corvallis, OR 9 7331-2407

Thank you for your cooperation!
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Thank-you and Reminder Postcard

February, 2002

A questionnaire, titled "Manufacturing Flexibility in New
Product Development", has been mailed to you a week ago.

If you have already c ompleted and r eturned it to us please
accept our sincere thanks. If not, please do so to allow us
providing results from a representative sample of the U.S.
manufacturing industry.

If by some chance you did not receive the questionnaire, or
it got misplaced, please contact me at
dwi.1arsooregonstate.edu or call me at 541-753-6619 and
I will get another one in the mail immediately.

Sincerely,

Dwi Larso
Project Director



168

Appendix C Factor Analysis on New Product Flexibility

Communalities

Initial Extraction
4a 1.000 .277
4e 1.000 .512

4f 1.000 .755

4g 1.000 .512

Extraction Method: Principal Component Analysis.

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total Y0 of Variance Cumulative % Total Y0 of Variance Cumulative %
1 2.056 51.406 51.406 2.056 51.406 51.406
2 .886 22.157 73.563

3 .737 18.436 91.999
4 .320 8.001 100.000

Extraction Method: Principal Component Analysis.

Component MatrD

Compone
nt

4a .527

4e .716

4f .869

4g .715

Extraction Method: Principal Component Analysis.

a. 1 components extracted.

Rotated Component Matri

a. Only one component was extracted.
The solution cannot be rotated.



Appendix D Factor Analysis on New Product Type

Communalities

Initial Extraction
id 1.000 .651

le 1.000 .735
if 1.000 .765

ig 1.000 .517
ih 1.000 .619
ii 1.000 .802

Extraction Method: Principal Component Analysis.

Total Variance Explained

Initial Eigenvali's Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
1 2.938 48.971 48.971 2.938 48.971 48.971 2.133 35.555 35.555
2 1.151 19.188 68.159 1.151 19.188 68.159 1.956 32.604 68.159
3 .784 13.073 81.232
4 .478 7.961 89.192
5 .358 5.965 95.158
6 .291 4.842 100.000

Extraction Method: Principal Component Analysis.

-A
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Appendix D (Continued)

Component Matrb

Component

1 2
id .723 -.359
le .706 -.486
if .783 -.391

ig .579 .426

ih .638 .461

ii .749 .491

Extraction Method: Principal Component Analysis.

a. 2 components extracted.

Rotated Component Matrix

Component

1 2
id .777 .220

le .849 .114

if .843 .236

ig .144 .704

lh .164 .770

ii .226 .867

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 3 iterations.

Component Transformation Matrix

Component 1 2
1

2

.741

-.671

.671

.741

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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Appendix E Factor Analysis on Value Creation Mode

Communalities

Initial Extraction
3a 1.000 .757

3b 1.000 .760

3c 1.000 .609

3d 1.000 .658

3e 1.000 .779

3f 1.000 .688

3g 1.000 .725

3h 1.000 .674

31 1.000 .660

3j 1.000 .644

3k 1.000 .723

31 1.000 .772

3m 1.000 .844
3n 1.000 .762

30 1.000 .759

3p 1.000 .873

3q 1.000 .763
3r 1.000 .780

Extraction Method: Principal Component Analysis.



Ththl Vrinc Fynlinprf

Initial Elgenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %

1 5.668 32.710 32.710 5.668 32.710 32.710 5.273 29.630 29.630
2 3.736 23.758 56.468 3.736 23.758 56.468 4.068 27.600 57.230
3 1.686 17.029 73.497 1.686 17.029 73.497 2.481 16.267 73.497
4 .886 4.868 78.365
5 .805 4.072 82.437
6 .691 3.211 85.648
7 .522 2.898 88.546
8 .404 1.942 90.488
9 .333 1.849 92.337
10 .301 1.566 93.903
11 .280 1.456 95.359
12 .246 1.369 96.728
13 .219 1.217 97.945
14 .153 .848 98.792
15 .109 .606 99.398
16 7.677E-02 .427 99.825
17 3.158E-02 .175 100.000

xtreuon MeInoa: rrincipai omponent InaIysis.

rD
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Appendix E (Continued)

Component Matrb

Component

1 2 3

3a -.475 .265 .258

3b -.253 -.538 .309

3c .606 .341 .342
3d -.450 .423 .487
3e -4.40E-02 -.593 .494

3f .580 .456 .351

3g -.656 .461 .287
3h .237 -.651 .408

31 .420 .365 .522

3j -.664 .242 .374

3k -4.O1E-02 -.639 .554

31 .688 .394 .362

3m -.793 .242 .386
3n 4.345E-02 -.665 .362

30 .760 .405 .104

3p -.785 .377 .308

3q .253 -.505 .297
3r .710 .263 .428

Extraction Method: Principal Component Analysis.

a. 3 components extracted.
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Appendix E (Continued)

Rotated Component Matri

Component

1 2 3
3a .596 -6.23E-02 -5.46E-02
3b .124 -.261 .604
3c -.107 .767 -3.02E-02
3d .770 .155 -3.07E-02
3e 5.112E-02 -4.12E-02 .771

3f -3.40E-02 .808 -.114
3g .826 -7.81E-02 -.192
3h -.223 7.847E-02 .769

3i .137 .748 6.053E-02
3j .787 -.140 3.179E-02
3k 6.174E-02 -2.75E-02 .844
31 -.132 .859 -5.58E-02
3m .886 -.222 3.592E-02
3n -.114 -8.64E-02 .745

3o -.321 .774 -.226
3p .895 -.196 -.118
3q -.233 9.832E-02 .586

3r -.167 .849 8.805E-02

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 5 iterations.

Component Transformation Matrix

Component 1 2 3
1 -.722 .691 .028
2 .423 .473 -.773
3 .547 .547 .634

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.



Appendix F Factor Analysis on New Product Performance

Communalities

Initial Extraction
2a 1.000 .691

2b 1.000 .818
2c 1.000 .715
2d 1.000 .700
2e 1.000 .781

2f 1.000 .717
2g 1.000 .826
2h 1.000 .754
2i 1.000 .738

Extraction Method: Principal Component Analysis.

Total Variance Explained

Component
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Total % of Variance Cumulative Total of Variance Cumulative% Total % of Variance Cumulative %
1 4.311 47.898 47.898 4.311 47.898 47.898 2.911 32.348 32.348
2 1.414 15.714 63.612 1.414 15.714 63.612 2.135 23.717 56.065
3 1.016 11.285 74.896 1.016 11.285 74.896 1.695 18.831 74.896
4 .853 9.474 84.370
5 .639 7.096 91 .466
6 .328 3.646 95.112
7 .200 2.219 97.331
8 .135 1.503 98.835
9 .105 1.165 100.000

Extraction Method: Principal Component Analysis.
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Appendix F (Continued)

Component MatrD

Component

1 2 3
2a .507 .658 -4.23E-02
2b .373 .745 .352

2c .763 .142 -.337
2d .557 .120 -.612
2e .675 -.306 .482

2f .759 -.363 -9.69E-02
2g .816 -.396 -6.51E-02
2h .771 -6.31E-02 .394

2i .855 7.779E-02 -1.64E-02

Extraction Method: Principal Component Analysis.

a. 3 components extracted.

Rotated Component Matri

Component

1 2 3
2a 5.837E-02 .374 .740

2b .115 -1.73E-02 .897
2c .335 .727 .274

2d 5.599E-02 .829 .101

2e .878 -1.87E-02 .103

2f .679 .496 -.101

2g .752 .501 -.102
2h .796 .125 .323
2i .592 .517 .348

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 6 iterations.

Component Transformation Matrix

Component 1 2 3
1 .742 .582 .332

2 -.452 .068 .890

3 .495 -.810 .313

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.



Appendix G p-Values for Correlation Analysis on Manufacturing Flexibility Dimensions

Correlations

NPF MOF CAF ROF OPF MHF MAF LAF
NPF Pearson Correlation 1.000 -.098 .509* 555* .113 355* .207* .412*

Sig. (2-tailed) . .106 .000 .000 .062 .000 .001 .000
N 273 273 273 273 273 273 273 273

MOF Pearson Correlation -.098 1.000 .084 .020 .245* -.07 1 .094 .446*

Sig. (2-tailed) .106 . .167 .740 .000 .245 .122 .000
N 273 273 273 273 273 273 273 273

CAF Pearson Correlation .509* .084 1.000 .504* .111 .380* .204* .304*

Sig. (2-tailed) .000 .167 . .000 .066 .000 .001 .000
N 273 273 273 273 273 273 273 273

ROF Pearson Correlation 555* .020 .504* 1.000 .331* .498* .264* 355*

Sig. (2-tailed) .000 .740 .000 . .000 .000 .000 .000
N 273 273 273 273 273 273 273 273

OPF Pearson Correlation .113 .245* .111 .331* 1.000 .233* .203* .051

Sig. (2-tailed) .062 .000 .066 .000 . .000 .001 .399
N 273 273 273 273 273 273 273 273

MHF Pearson Correlation 355* -.071 .380* .498* .233* 1.000 -.012 .341*

Sig. (2-tailed) .000 .245 .000 .000 .000 . .846 .000
N 273 273 273 273 273 273 273 273

MAF Pearson Correlation .207* .094 .204* .264* .203* .012 1.000 .191*

Sig. (2-tailed) .001 .122 .001 .000 .001 .846 . .002
N 273 273 273 273 273 273 273 273

LAF Pearson Correlation .412* .446** 304* 355* .051 .341* .191* 1.000

Sig. (2-tailed) .000 .000 .000 .000 .399 .000 .002
N 273 273 273 273 273 273 273 273

Correlation is significant at the 0.01 level (2-tailed).
-1
-a




