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ABSTRACT

Supply chain flexibility has become a focus of organizations faced with the need to 
survive in a highly uncertain business environment. Even though there has been a 
significant amount of research on the topic of flexibility, most of these studies have 
focused on internal manufacturing systems as a single entity in a supply chain. With the 
advent of supply chain philosophy where other entities are involved in the business, just 
being flexible within the boundary of the firm is inadequate.

Drawing upon the manufacturing flexibility literature, as well as the limited research in 
supply chain flexibility, this thesis empirically verifies the supply chain strategy model 
and examines the sequential relationships among the supply chain strategy, supply chain 
flexibility, and supply chain performance in small- and medium-sized firms. This thesis 
also examined the tradeoff between flexibility types and the alignment of various supply 
chain flexibility dimensions with supply chain strategies. The alignment relationship 
between supply chain strategy and supply chain flexibility is established to enable 
manufacturing managers to set clear priorities in investing and developing necessary 
supply chain flexibility.

Using the data collected from 175 firms that were manufacturing industries in Canada, 
the identified constructs have been used to test a theoretical model using the path analysis 
technique. The study produced four main results. First, supply chain strategy types can be 
classified into innovative strategy, customer-oriented strategy, and follower strategy. 
Second, innovative strategy firms must invest time and resources in developing new 
product and delivery flexibility; customer-oriented strategy firms are required to invest 
heavily in developing sourcing, product, delivery, and information systems flexibility; 
and follower strategy firms need no investment in any specific type of supply chain 
flexibility. The third results shows that only when the tradeoff among supply chain 
flexibility types and alignment with supply chain strategy are considered can supply 
chain flexibility contribute to the improvement of supply chain performance. The final 
result demonstrated that manufacturers must reconsider how they use information 
technology (hardware and software) to enhance information systems flexibility and 
improve overall supply chain performance. While this study increases our understanding 
of supply chain flexibility, it is our hope that this study will motivate future research.
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CHAPTER I 

INTRODUCTION

1.1 Overview of the Problem

Flexibility is arguably the most important strategic capability that managers should 

consider when designing operations for volatile environments (Hayes and Pisano 1994). 

Flexibility allows firms in this network era to quickly sense and respond to evolving 

customer needs, adapt to shifts in technologies, and recover from competitor actions and 

capital market downturns. With customers requiring highly diverging products in the 

market, it becomes extremely difficult for the supply chain to accommodate customer 

needs into a product design and to predict the level of demand for a certain product. In 

response, supply chain organizations are seeking to increase flexibility, which is the 

organization’s ability to meet an increasing variety of customer expectations without 

excessive costs, time, organizational disruptions, or performance losses (Zhang et al., 

2003). It is an important order-winning criterion because it helps firms achieve 

competitive advantage by enabling rapid and cost-effective responses to specific 

customer requests (Gunasekaran, 1999).

Companies that have traditionally prospered under the paradigm of mass production 

leading to high productivity are, thus, finding it difficult to initiate flexibility efforts 

(Theodorou, 1996). The traditional model of mass production is being restructured and 

reengineered to improve a firm’s competitiveness in this new environment. As companies 

have improved their internal operations by increasing product quality while reducing 

costs, firms have achieved parity on these dimensions in many industries. These

1
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companies are now looking to develop competitive advantages in areas such as delivery, 

flexibility, and innovation (Duclos et al., 2003). All of these stress the importance of 

time. Firms have realized that a successful initiative to accomplish this objective is 

through supply chain management (SCM). A key feature of the current business 

environment is the idea that supply chains compete, not companies (Christopher, 1992).

Flexibility in supply chains may well represent a potential source to improve the 

company’s efficiency and may be a significant measure of supply chain performance. 

Supply chain flexibility is defined to encompass those flexibility dimensions that directly 

impact a firm’s customers and are the shared responsibility of two or more functions 

along the supply chain, whether internal (marketing, manufacturing) or external 

(suppliers, channel members) to the firm (Vickery et al., 1999, Kumar et al., 2006). 

There are very few studies on supply chain flexibility and there are even fewer studies 

about the relationship between supply chain flexibility and firm performance, which 

offers a research opportunity (Dangayach and Deshmukh, 2001; Sanchez and Perez, 

2005).

Given that flexibility is important but pursuing supply chain flexibility is costly, there 

should be an alignment between the type of strategy implemented and the types of 

flexibility a supply chain should have (Kumar et al., 2006; Chang et al., 2003; Suarez et 

al., 1991; Gerwin, 1993). Supply chain companies following a particular strategy to 

produce various products — such as salt, sugar, steel, and mineral water — do not have 

as great a need for flexibility than do companies following an innovative strategy (INS)

2
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to produce products such as fashion products and computers. Fisher (1997) provides an 

excellent classification of products into two types: functional and innovative. Functional 

products are characterized by a relatively long life cycle, few product variations, and ease 

in predicting demand; this means that the error in forecasts at the time of production is 

less than 10 percent. At the other extreme, the innovative products are characterized by a 

short product life cycle, a wide variety of products, and, consequently, high forecast 

errors.

The focus of the supply chain strategy in responding to these two types of products 

should certainly be different. A supply chain adopting an innovative product strategy 

should pursue new product development and responsiveness, while a supply chain based 

on functional product strategy should have costs as the primary focus. Based on this 

classification, innovative product strategies certainly require different types of supply 

chain flexibility than do the functional product strategies. It is important, therefore, that 

the assessment of flexibility for a supply chain should be related to supply chain 

strategies, thereby enabling the supply community to compete effectively. Suarez et al. 

(1995) argued that a company’s competitiveness is determined by its ability to answer the 

need from the market in terms of quality, efficiency, and flexibility. It implies that a 

company strategy does not need to be very flexible if the market does not require it. This 

notion is important because investment in flexibility is often costly and, thus, high 

flexibility should be pursued only if the market indicates the need for it.

3
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Small and medium-sized enterprises SMEs were chosen as they tend to be more 

vulnerable to environment forces compared with larger firms in aspects such as access to 

financial capital, a strong reliance on a narrow product range, and a more limited market 

presence (Regan and Abby, 2004). SMEs are a volatile, yet vibrant, part of the business 

environment throughout Canada. More than 75 percent of all businesses in Canada are 

small and medium-sized enterprises — that is, they employ fewer than 500 employees 

(Bruce and Picard, 2006). In addition, the SME sector contributes approximately 45 

percent of Canada’s economic output and is the catalyst for innovative products and 

services (Bruce and Picard, 2006). For the purpose of this research, the primary criteria of 

SME classification is the number of employees < 500.

Canada’s great dependence on SMEs requires development programs and research on 

their challenges and more nurturing of their growth. An example of developing 

competitive advantage and increasing flexibility is the Canadian government agency 

program in a Canadian province (Quebec) where the Department of Industry and 

Commerce acted specifically to promote a series of improvement programs and practices 

by means of a value-added production approach1. According to Departmental officials, 

such an approach could substantially increase a firms’ ability to respond to customers by 

increasing their flexibility; “by adopting value-added production practices, SMEs are in a 

better position to offer a wide variety of products while remaining competitive in 

customer-oriented markets” (MIC, 1995). In the late 1990s, the Department promoted

1 Officially, the program is known as the “Programme de diffusion” de la production a' 
valeur ajoute'e’ in French. (Lagace' and Bourgault, 2003)

4
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this approach by means of seminars held throughout the province, including regional 

workshops and mentoring programs (Lagace and Bourgault, 2003).

Even though there has been a significant amount of research on the topic of flexibility, 

the current literature exhibits at least four weaknesses. First, the focus of the current 

literature has been mainly from the viewpoint of a manufacturing system or a production 

system as a single entity in a supply chain. With the advent of the SCM concepts, 

business communities have been realizing that being competitive as a single company is 

no longer adequate; instead, competitiveness requires consideration of all channels in the 

supply chain (Lambert et al., 1998; Lummus and Vokurka, 1998). Likewise, being 

flexible in the context of a manufacturing system is no longer acceptable in the current 

competition. Flexibility should, therefore, be pursued by a supply chain or at least by 

every function related to supply chain activities.

Second, researchers generally agree that flexibility is a multidimensional concept. 

However, they differ on what the underlying dimensions of supply chain flexibility 

should be. Current guidelines are insufficient in proposing the kinds of flexibility that 

could be required by an organization. Expecting a system to acquire the many different 

types of flexibility may not be feasible or possible (Narain et al., 2000). If supply chain 

managers do not carefully assess their strategic needs before embarking on a flexibility 

program, the result can be competitively destructive. Developing and maintaining 

flexibility may incur additional costs because, in many cases, flexibility is not free 

(Ghemawat and del Sol 1998). As evidenced by many studies, flexibility cannot be

5
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bought by simply installing computer-integrated systems (Chang et al., 2003). It needs to 

be planned, managed, and integrated into a firm’s strategy.

Third, there is limited empirical research on supply chain flexibility, specifically, that 

provides the supply chain managers with empirical evidence to help them formulate and 

implement effective supply chain strategies. Zukin and Dalcol (2000) highlight the fact 

that managers do not use manufacturing flexibility practices in the same proportion that 

they perceive their importance. Researchers are partially to blame, as the bulk of research 

fails to consider many of the practical problems managers may face when implementing 

manufacturing flexibility (Suarez et al., 1991). For example, the research has produced 

many measurements of manufacturing flexibility; yet, the majority of these 

measurements are only conceptual in nature, with only a few ever tested within an 

organization to determine their ease of use, effectiveness, and frequency of usage. 

Therefore, in addition to addressing operational issues such as measurements, empirical 

research is needed to examine strategic issues such as the relationship between supply 

chain strategy, supply chain flexibility, and supply chain performance in order to justify 

the adoption of supply chain flexibility and identify where trade-offs between different 

types of supply chain flexibility are likely to occur.

Fourth, the limited studies of supply chain flexibility focus on the practices of large firms, 

while small and medium firms are treated mostly from the viewpoint of larger firms. A 

few studies have highlighted the growth patterns of SMEs in the context of 

manufacturing flexibility (Chang et al., 2003). More research effort is needed to study the

6
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impacts of SMEs in the context of supply chain flexibility. Since the long-term 

sustainability of SMEs depends on “where they compete” and “how they compete”, 

decisions on their chain relationship position and operational focus should be strategic 

dimensions of supply chain flexibility.

Based on the current literature search, the issue of supply chain flexibility has been 

briefly discussed in theory. No empirical studies have thoroughly verified the impact of 

supply chain strategy and supply chain flexibility on supply chain performance in SMEs 

in the Canadian manufacturers sector (in this research document supply chain 

performance and performance are used interchangeably). Taking into account the above 

four gaps, this research specifically addresses the issue of flexibility in the supply chain 

environment for SMEs. Then, to narrow the gap, this study will match the current supply 

chain strategy in supply chain organizations with the supply chain flexibilities, verifying 

the impact of this matching on supply chain performance.

1.2 Research Objectives

The main objective of this dissertation is motivated in part by the work of Gerwin (1993) 

and by the recent work of Kumar et al. (2006). Gerwin (1993) reviewed the literature 

concerning the strategic aspects of manufacturing flexibility. He developed a research 

agenda for the area, pointing to the need to show manufacturing managers how to 

evaluate and change the flexibility of their operations. Further, he argued that special 

attention should be devoted to applied research on manufacturing flexibility. Finally, 

Gerwin (1993) emphasized the need for determining the relationship between flexibility

7
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and other performance criteria. Kumar et al. (2006) presented a conceptual framework 

that considers the importance of linking supply chain strategy, required supply chain 

flexibility, and supply chain performance in a systematic manner and showed the 

strategic alignment (i.e., fit between supply chain strategy and supply chain flexibility 

types). It has been argued that if the alignment (fit) is effective, it should lead to an 

improvement in performance.

The other part of this research objective is motivated by the work of Chang et al. (2003) 

and Gupta and Somers, (1996), both groups have conducted an empirical study on the 

relationships between business strategy and manufacturing flexibility. Chang et al. (2003) 

study manufacturing flexibility in small- and medium-sized firms using the data collected 

from 87 firms from the machinery and machine tool industry in Taiwan. The authors 

investigated the effect of manufacturing flexibility on business performance under three 

different business strategies. The results of this study showed that no one specific type of 

manufacturing flexibility is beneficial under all circumstances. They suggested that 

companies should select appropriate dimensions of manufacturing flexibility and relate 

those dimensions to the strategy of the firm. However, the special characteristics of the 

machinery and machine tool industry in Taiwan and the relatively small size of the 

sample may prohibit us from generalizing their results to other industries.

Gupta and Somers, (1996) conducted an empirical study of manufacturing flexibility in 

U.S manufacturing firms using the data collected from 269 precision machinery, 

electrical and electronics, industrial machinery, metal product, and auto part firms. They

8
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found that business strategy has a direct effect on the adoption of manufacturing 

flexibility, which in turn indirectly affects business performance. However, their study 

involved mostly internal flexibility and offered no suggestions regarding the “ fit” 

between the dimension of manufacturing flexibility and type of strategy. Both studies 

have been mainly from the viewpoint of a manufacturing system or a production system 

as a single entity. This research study extends the manufacturing flexibility concept to the 

supply chain flexibility environment.

The objective of this research study is to investigate the relationship between the current 

practices of supply chain flexibility and supply chain strategy, and empirically verifying 

the impact of this relationship on supply chain performance. We take into consideration 

the multi-dimensional nature of both supply chain flexibility and supply chain strategy 

and examine the relationship between these two factors. The premise is that organizations 

can be flexible in some ways and less flexible in others (Suarez et al., 1996). Specifically, 

managers may have to choose the dimension in which they want their plants to be 

flexible. Supply chain strategy could be the factor that determines this important strategic 

flexibility choice. In other words, when implementing a certain type of strategy in the 

market place, management should choose to emphasize and develop particular sets of 

supply chain flexibility (Kumar et al., 2006). Therefore, the purpose of this study is to 

map the relationship between the dimensions of supply chain flexibility types and supply 

chain strategy. We are interested in how different supply chain strategy dimensions 

(innovating, modularizing, appending, and following) link with specific types of supply 

chain flexibility such as new products, sourcing, product, information systems, and

9
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delivery flexibility. Furthermore, this study tests the effectiveness of such mapping on 

supply chain performance. Theoretically, the alignment of a particular supply chain 

strategy dimension with a specific type of supply chain flexibility should improve overall 

supply chain performance.

Based on the above introduction to the issue, the research study addresses two research 

questions with the first research question being complementary to the second research 

question. The objective of the first question is to verify the argument in the literature

which indicates that there are four types of supply chain strategy in the supply chain

environment. The objective of the second question is to investigate how supply chain 

strategy and dimensions of supply chain flexibility are related to supply chain

performance. Therefore, the research questions that we intend to examine are stated as 

follows:

> Are there four distinct categories of supply chain strategies in supply chain
organizations classified as: Modularizing, Appending, Innovating and Following?

> Do different types of supply chain strategy in supply chain organizations result in a 
greater emphasis on one or more supply chain flexibilities? If so, how should supply 
chain managers develop and implement supply chain flexibility based on their supply 
chain strategies to enhance their performance?”

1.3 Organization of the Research

The remainder of this thesis is organized as follows. The thesis itself is introduced in 

Chapter One, which outlines a brief introduction to the thesis and the thesis objectives. 

The chapter ends with the format of the overall thesis write-up. Chapter Two introduces
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and provides the background literature needed to understand and support the research 

study. This Chapter will present the literature review of the major concepts, theories, and 

ideas that are relevant to the topic of this thesis. It also reviews in detail two bodies of 

theoretical literature. The first body of the literature is on manufacturing flexibility. The 

second body of literature involves SCM.

Chapter Three presents the conceptual basic relationship model and research hypothesis. 

This Chapter begins with an overview of the basic research model and investigative 

questions for the study. Next, the research model is introduced and the main components 

of the model are discussed. Finally Chapter Three concludes by presenting the research 

hypotheses proposed to test the research model.

The research methodology and survey instrument adopted in this thesis are outlined in 

Chapter Four. It begins by presenting the research instrument (i.e., questionnaire) and the 

operational measures of the variables. This chapter then reports the results of a field 

study. Finally Chapter Four concludes with the questionnaire adjustments based on the 

comments and remarks of the respondents.

Chapter Five describes the research data characteristics of the organizations that actually 

responded to the questionnaire. Based on the changes resulting from the field study, 1500 

managers of SMEs were mailed a revised questionnaire. A single respondent per 

organization — typically holding the position of chief executive officers (CEOs), 

President, Vice President, the Owner of manufacturing firms, or supply chain manager —
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completed the survey instrument. 197 questionnaires were returned, representing a 

response rate of about 13.13 percent. The exclusion of questionnaires with incomplete 

data results in a final sample of 175 represented a response rate of about 11.66 percent. 

Specific issues addressed in this chapter include the duration of the data collection 

process, the response rate, the average size of responding organizations, and non

response bias. The organizations selected for this research are Canadian manufacturers 

possessing a primary North American Industry Classification Systems (NAICS) Code of 

31-33 manufacturing sector consisting of SMEs that have fewer than 500 employees.

Chapter Six discusses two statistical methods applied to reach the desired results. The 

first issue discussed in this chapter includes testing the supply chain strategy model 

proposed by Katz et al. (2003) using confirmatory factor analysis with the help of the 

LISERL program. Path analysis is the second technique used to test, in detail, the final 

modified model for supply chain flexibility. Issues discussed in this chapter include the 

model identification, model fit, and final data results for the modified supply chain 

flexibility model. Throughout this chapter, the finding of each hypothesis is discussed.

Chapter Seven offers a detailed discussion of the major findings in the research study. 

Issues addressed in this chapter include the verification of the supply chain strategy 

model. Next the issues regarding the relationship between supply chain strategy, supply 

chain flexibility, and performance are discussed in detail. Chapter Eight concludes with a 

discussion of the study’s summary, contributions, limitations, and, finally, conclusions 

and possible future initiatives for researchers interested in supply chain flexibility.

12
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CHAPTER II 

LITERATURE REVIEW

This chapter will present the literature review of the major concepts, theories, and ideas 

that are relevant to the topic of this thesis. The thesis is situated within the context of two 

bodies of theoretical literature. The first body of the literature is the dilemmas faced by 

enterprises in manufacturing flexibility. The second body of literature involves the SCM. 

A particular focus of this study is to understand the relationship between strategy, 

flexibility, and performance. The literature review will start with the examination of the 

manufacturing flexibility literature then move on to the SCM literature and the status of 

supply chain flexibility research.

2.1 Flexibility in the Literature

Flexibility has a fairly long history. The notion of flexibility as a typical concept of the 

theory of the firm seems to have been first introduced by Lavington in 1921, and was 

quickly followed by Stigler in 1939 (the Economic Approach). A substantial amount of 

literature dealing with manufacturing flexibility has accumulated over the last twenty 

years. The major part of this literature has been devoted to defining various types of 

manufacturing flexibility and identifying frameworks for implementing and managing 

manufacturing flexibility. Some papers also deal with the issues of the measurement 

and/or valuation of the various flexibilities. The importance of manufacturing flexibilities 

in responding quickly, effectively, and profitably to the changing needs of customers is 

well established in the literature (Upton, 1995, 1994; Olhager, 1993). Manufacturing 

flexibility is a very complex concept. A number of theoretical studies have highlighted
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the multidimensional and complex nature of the concept of flexibility. It is arguable that, 

even now, the concept is not well understood (Cheng et al., 1997).

The literature on manufacturing flexibility can be classified into four distinct but related 

themes. The first theme relates contextual factors to manufacturing flexibility, contending 

that the need to cope with environmental uncertainties of volume and variety is the 

dominant reason for developing manufacturing flexibility (Swamidass and Newell, 1987; 

Kumar & Kumar 1988; Gerwin, 1993). The second theme focuses on the antecedents to 

manufacturing flexibility, identifying key structural and infrastructural influences such as 

advanced manufacturing technology and labor, flexible manufacturing systems (FMS), 

and work design and production control (Slack, 1983; Suarez et al., 1996; Narasimhan 

and Das, 1999). The third theme examines the relationships between manufacturing 

flexibilities, business strategy, and certain aspects of manufacturing performance 

(Swamidass and Newell, 1987; Suarez et al., 1996; Gupta and Somers, 1996; Chang et 

al., 2003). The fourth theme discusses various classifications and taxonomies of 

manufacturing flexibility, emphasizing the multi-dimensional nature of the construct 

(Browne et al. 1984; Sethi & Sethi, 1990; Gerwin, 1993; Koste and Malhotra, 1999; 

D’Souza and Williams, 2000). Two themes in this literature are of particular relevance to 

this research: extant knowledge about various classifications and taxonomies of 

manufacturing flexibility and extant conclusions about the relationship between 

manufacturing flexibility, business strategy, and business performance.
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2.1.1 Taxonomies and Classifications of Manufacturing Flexibility

Much of the existing literature on manufacturing flexibility has concentrated on 

developing taxonomies of the concept. The earliest taxonomies of manufacturing 

flexibility are derived from the view that flexibility is the capability of the manufacturing 

system to adapt to uncertainty. One of the earliest classical attempts at deconstructing 

manufacturing flexibility based on this view is by Mandelbaum (1978) who identified 

two types of manufacturing flexibility: state and action flexibility. The former is the 

ability to work in spite of changes in the operative conditions (it allows the system to 

remain “stable”). The latter is the ability to take actions in front of a change and, in 

particular, to pass from one type of business to another in a short period of time with low 

cost. Zelanovic (1982) also divides flexibility into two types: design adequacy and 

adaptation. The former is the “probability that the system will adapt itself to environment 

conditions and to process requirements within range limits of the given design 

parameters”. The latter is “the value of time needed for system transformation/adaptation 

from one to another job task”. Buzacott (1982) also identifies two types of manufacturing 

flexibility: job and machine. The former (job flexibility), similar to Zelanovic’s (1982) 

design adequacy, is the ability of a manufacturing system to cope with changes in the 

jobs that are to be processed. The latter (machine flexibility) is the ability of a 

manufacturing system to cope with disturbances and changes from machines or 

workstations. In a comprehensive survey of the literature, Sethi and Sethi (1990) 

reported that at least 50 terms exist for the various types of flexibilities studied. 

Furthermore, they found that several terms refer to the same flexibility type in many
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cases and that definitions for flexibility types often are imprecise and conflicting, even 

for identical terms.

Today, well over one hundred types of manufacturing flexibility exist in the literature 

(see Appendix 1), stemming from the fact that manufacturing flexibility is found at 

different layers in the organization and, therefore, definitions are often based on the 

organizational layers the researcher is interested in studying. Various researchers have 

developed classification schemes for the many different types in order to show their 

relationship to one another and/or to collapse the number of manufacturing flexibility 

types from more than a hundred to a much lower number. Perhaps the most classical 

attempts at classifying and reducing the number of manufacturing flexibility taxonomies 

are by the following researchers.

Browne et al. (1984) proposed eight dimensions. Sethi and Sethi (1990) suggested eleven 

dimensions of manufacturing flexibility, while Gerwin’s (1993) taxonomy consists of 

seven dimensions. Perhaps as a consequence of this, the literature survey has become a 

characteristic of manufacturing flexibility research. Considered below are five of the 

more comprehensive and informative studies (Koste and Malhotra, 1999; Vokurka and 

O’Leary-Kelly, 2000; D’Souza and Williams, 2000; Narain et a/.’s 2000; Oke, 2005). 

These studies also serve to represent the current state of research in manufacturing 

flexibility.
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Koste and Malhotra (1999) offered a comprehensive review of the manufacturing 

flexibility literature and proposed four elements of flexibility to be used for measuring 

flexibility dimensions. They mapped these elements to ten commonly cited 

manufacturing flexibility dimensions (all of which are presented in Appendix 2). The 

dimensions include flexibility in machine, labor, material handling, routing, operations, 

expansion, volume, mix, new product, and modification. The ten dimensions were then 

mapped into four elements: range-number, range-heterogeneity, mobility, and uniformity. 

While the dimensions seem to cover a wide definition of flexibility, they only address the 

elements of flexibility internal to a manufacturing system.

Vokurka and O’Leary-Kelly (2000) expanded the different dimensions developed by 

Browne et al. (1984) (eight dimensions) and Sethi and Sethi (1990) (11 dimensions) to 15 

identified dimensions of manufacturing flexibility. These 15 flexibilities are machine, 

material handling, operations, automation, labor, process, routing, product, new design, 

delivery, volume, expansion, program, production, and market flexibility. Vokurka and 

O’Leary Kelly’s (2000) framework identifies four exogenous variables that are believed 

to influence the firm’s choice of manufacturing flexibility types, which will in turn 

influence business performance. These variables are organizational strategy, 

environmental factors, organizational attributes, and technology.

D’souza and Williams (2000) focused on seven manufacturing flexibility dimensions 

proposed by Gerwin (1993) and then collapsed the seven into four dimensions. The 

authors classified manufacturing flexibility into externally driven and internally driven
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manufacturing flexibility. The externally driven manufacturing flexibility includes two 

dimensions: volume and variety flexibility. Volume flexibility is defined as the ability of 

the manufacturing system to change output levels. Variety flexibility is defined as the 

ability of the manufacturing system to introduce new products or produce different 

products. The internally driven manufacturing flexibility includes process and material 

handling flexibility. Process flexibility is the ability of a manufacturing system to 

accommodate changes or disruptions in the manufacturing process. Material handling is 

defined as the ability of the material handling process to effectively deliver materials to 

the appropriate stages of the manufacturing process and position the part or the material 

in such a manner as to permit value-added options. Each of the dimensions has two 

elements: range and mobility. The authors offered a quite general definition on the two 

elements. Range was defined as the range of output volumes at which the firm can run 

profitably. Mobility, on the other hand, was measured in terms of the cost implication and 

the time required to increase or decrease the volume of output.

The framework by Narain et al. (2000) suggested three levels of manufacturing flexibility 

strategies with each level requiring different types of manufacturing flexibility. The 

strategic flexibility level addresses long term issues — such as capacity expansion and 

processing of the entire universe of part types — and is achieved using a combination of 

production flexibility, expansion flexibility, and market flexibility. The strategic 

flexibility is then used to identify the operational and tactical flexibility needed to achieve 

the organizational strategies. Operational flexibility is achieved using a combination of 

machine flexibility, product flexibility (PRF), labor flexibility, material handling
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flexibility, routing flexibility, and volume flexibility. Tactical flexibility is achieved using 

a combination of process flexibility, operations flexibility, program flexibility, and 

material handling flexibility. Narrain et al. (2000) suggested that some flexibility types 

and levels chosen may either conflict with or overlap one another. As a result, the 

strategic, operational, and tactical flexibility types and levels must be reconciled by 

determining what flexibility is necessary, sufficient, and competitive.

Finally, (Oke, 2005) has provided an integrated framework classification of 

manufacturing flexibility. The author argued that all the flexibility mechanisms 

considered in the literature can, in fact, be encompassed within the three categories of 

manufacturing system flexibility. Oke’s framework identifies three main types of system 

flexibility (new product, mix, and volume). Contributors to the system flexibility types 

are also identified. These are separated into three sub-categories: those that are 

fundamental to a single element of system flexibility, those that contribute to two 

elements, and those that can contribute to all three. They are referred to as fundamental 

factors, shared factors, and generic factors, respectively.

In summary, each author may use different dimensions of manufacturing flexibility. 

However, in the supply chain context the dimensions should be related to supply chain 

functions. This usually includes developing new product, procuring the materials 

(sourcing), manufacturing, and delivering the finished products. Hence, five dimensions 

of supply chain flexibility are considered in this research: new product flexibility (NPF), 

sourcing flexibility (SOF), product flexibility (PRF), delivery flexibility (DLF), and 

information systems flexibility (ISF).
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2.1.2 Elements of Flexibility

Much of the literature on manufacturing flexibility suggests that each of the flexibility 

types is associated with one or more elements. Different researchers have identified these 

elements in their own terminologies. Slack (1987) has identified three elements of 

flexibility namely: “ the range of states a system can adopt, the cost of moving from one 

state to another, and the time which is necessary to move from one state to another” , 

providesing an early foundation for measuring flexibility using the dimensions of range, 

cost, and time. A firm can exhibit flexibility in many different ways (Slack, 1987). It may 

exhibit flexibility by having a large range of options to exercise, or by reducing the cost 

and time associated with utilizing its options, or both. For example, a firm that is capable 

of producing a large range of products exhibits more flexibility than a firm that is capable 

of producing a small range of products if both firms incur the same cost and time to 

change the product mix. The second attribute of flexibility proposed by Slack (1987) is 

the cost of moving from one state to another, and the third attribute is the time required to 

move from one state to another.

Notably, Upton (1994) builds on Slack's notion of the elements of flexibility and 

identifies three elements of each of the flexibility types. First, range element, which is 

possibly measured as the range of products produced, etc. It represents the number of 

viable positions within the range or metric of operating limits. Second, uniformity 

element, which is possibly measured as yield or quality. It represents a performance 

measure reflecting the ability to operate uniformly at any point in the range. Third,
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mobility element, which is possibly measured as cost or time; it is the ability to move 

within the dimension of change.

In contrast, Kumar’s (1987) model identifies two elements of manufacturing flexibility 

represented by variables n and x  in his measures of flexibility. In this model, n represents 

the range in terms of the number of options available, and variable x signifies the ease of 

change from one option to another, which may be measured in terms of time, cost, or 

effort required for this change. Variable n is the same as the range element identified by 

Slack (1987) and Upton (1994), representing the number of options. Variable x  is the 

same as the mobility element defined by Upton (1994).

Drawing upon Upton’s (1994) work, Koste and Malhotra (2000) have proposed four 

dimensions to measure manufacturing flexibility in a plant. Along with mobility and 

uniformity, they use two other dimensions called range-number and range-heterogeneity 

to represent two approaches to measuring range as described by Upton (1994). Recently, 

Swafford et ah, (2006) building on previous research, claimed that from the point of 

parsimony there is no need for four elements to measure flexibility. The authors 

described flexibility using two dimensions, known as range and adaptability. Range is 

defined as the number of different states (levels, positions, or options) that can be 

achieved with existing resources. This definition is also consistent with Slack’s (1987) 

and Upton’s (1994) views. Adaptability is the ability to change from one state to another 

state in a timely and cost-effective manner.

21

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In the context of this research, two elements of flexibility will be considered: range and 

mobility. Uniformity is not included since it measures performance, which we view as an 

outcome, rather than a measure of flexibility. We view flexibility in a manner similar to 

(Slack 1987 and Swafford et al., 2006), who did not view “ comparable outcomes” as a 

dimension of flexibility. In addition, this research contends that, whenever a flexibility 

type is considered, the element of uniformity o f  performance is inherent in the range, 

and a flexible system should signify uniformity of performance within reasonable limits 

across the range of products with similar processing requirements.

2.1.2.1 Range

Range refers to the variation that is possible within a given type of flexibility. Increased 

range is generally seen as providing increased flexibility. For example, the range element 

of NPF can be measured by developing a number of new products handled by the system 

in a given time period. The extent of fluctuations in production levels that can be handled 

profitably by the system reflects the range element of SOF. The range element of PRF 

can be measured by the variety of modifying features of existing product and the 

diversity between the different products handled by the system. The range element of 

DLF can be measured by the extent of possible variation in sequencing and scheduling to 

meet customers’ due dates. The range element of ISF can be captured by the speed of the 

flow of information using the existing information system applications.
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2.1.2.2 Mobility

The mobility element of each flexibility type is the ability of the system to make the 

transition from one state to another with minimal penalties of time and cost. Kumar 

(1987) refers to the mobility element in terms of the degree of freedom or ease in making 

the change. For example, a system which can move quickly from state A to state B is 

more flexible than one which takes longer to make the same change. The mobility 

element of flexibility implies responsiveness to change and can be measured in terms of 

the time or cost which is required to change from one state to another. According to 

Upton (1994), time (when used as a measure of mobility) is a proxy for the cost or 

difficulty of a change. However, this research will consider both time and cost as a 

measure of the mobility element. The mobility element of NPF can be measured by the 

time and cost required to develop and manufacture new products. The mobility element 

of SOF is represented by the time and the cost taken by the system to respond to the 

fluctuations in the production level (Gerwin, 1993). The mobility element of PRF can be 

captured by the time and cost in modifying features of existing products. The mobility 

element of DLF can be captured by the average time and cost by which the job gets 

delayed. The mobility element of information system flexibility can be measured by the 

time and cost needed to exchange the required information to support the changing 

requirements.

2.1.3 Manufacturing Flexibility and Business Strategy

The literature has suggested a theoretical relationship between manufacturing flexibility 

and business strategy (Chang et al., 2003; Vokurka and O’Leary Kelly’s, 2000; Suarez et
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al., 1996; Gupta and Somers, 1996; Upton, 1995; De Groote, 1994; Gerwin, 1993). For 

instance, Suarez et al. (1996) have advocated the need for considering several strategic 

factors before planning and implementing manufacturing flexibility. Vokurka and 

O’Leary Kelly (2000) have suggested that business strategy influences the types of 

manufacturing flexibility adopted. Many researchers, including Gupta and Somers

(1996), who suggested that “business strategy has a direct effect on the adoption of 

manufacturing flexibility dimensions” support this notion. Gupta and Somers (1996) have 

verified the relationship between manufacturing flexibility, business strategy, and 

organizational performance. They found that business strategy has direct effects on the 

adoption of manufacturing flexibility, which in turn indirectly affects organizational 

performance2. Hayes and Wheelwright (1979) have suggested “the strategic choices by a 

firm regarding the breath and volume of the products it markets will have direct impact 

on the requirements surrounding manufacturing flexibility” (Vokurka and O’Leary Kelly, 

2000).

2.1.4 Manufacturing Flexibility and Business Performance

Although several studies have explored the influence of manufacturing flexibility on 

performance measures, two competing models have emerged: those suggesting a direct 

relationship versus those advocating a moderated (or contingent) relationship. The direct 

effects model suggests that increased manufacturing flexibility will lead to improved firm 

performance. On the other hand, the contingency-based model suggests that the

2 Gupta and Somers (1996) Organizational performance used the following measures 
(Operating profits, Cash flow, Return on investment, Sales growth rate, and Market 
share).
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performance manufacturing flexibility relationship is situational. For example, increasing 

a firm’s volume flexibility would yield greater performance improvements for those 

firms facing increased demand uncertainty versus those firms in more stable demand 

environments. Specifically, simply increasing manufacturing flexibility will not 

necessarily increase firm performance; rather it will depend on the degree to which 

manufacturing flexibility complements the firm’s strategy (Vokurka and 0 ”Leary-Kelly, 

2000).

Studies by Swamidass and Newell (1987), Gupta and Somers (1996), Vickery et al.

(1997) Vickery et al. (1999), and Chang et al. (2003) have examined the direct effect of 

manufacturing flexibility on performance. In these studies, Vickery et al. (1997) have 

found a significant positive relationship between production flexibility and financial 

performance. Swamidass and Newell (1987) also found a significant positive relationship 

between production flexibility and an aggregated performance measure based on both 

growth and financial performance. Gupta and Somers (1996) found that market, routing, 

and volume flexibility variables were all positively related to growth performance, 

whereas production flexibility was negatively related to growth performance.

The empirical research of Vickery et al. (1999) focused on flexibility in the supply chain. 

The results revealed a direct relationship between volume flexibility and all measures of 

financial performance included in this study3. Launch (new product introduction),

3 Business performance using the following measures: Rate of Investment (ROI), Rate of 
Investment Growth (ROI Growth), Return on Sales (ROS), Return on Sales Growth 
(ROS Growth), Market Share (MS), and Market Share Growth (MS growth).
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flexibility, and responsiveness flexibility are significantly related to several measures of 

overall firm performance. Both of these flexibilities affect Rate of Investment (ROI), 

Rate of Investment Growth (ROI Growth), Market Share Growth (MS Growth), and Rate 

on Sales Growth (ROS Growth). However, PRF and distribution flexibility (access 

flexibility) are related to key measures of financial performance, namely Rate of 

Investment (ROI). Given that the two sets of studies involved different combinations of 

flexibility variables, it is difficult to contrast the results.

In contrast, Fiegenbaum and Kamani (1991) found no direct relationship between volume 

flexibility and financial performance. Rather, they found that this relationship was 

moderated by organizational attributes. Specifically, they found that for small-sized 

companies, output flexibility was positively related to performance, with the opposite 

being true for large-size companies. Similarly, Parthasarthy and Sethi (1993) found that 

the relationship between flexible automation and growth in sales was moderated by 

several business strategy and structure variables. Specifically, they found that business 

strategies involving scope and speed flexibility, quality, and low cost interacted with 

flexible automation in their effect on performance. They also found that structural 

variables, skill specialization, and use of teams interacted with flexibility to affect 

performance. In addition, Ward et al. (1995) found that in high performing firms there 

was a significant positive relationship between labor shortages in the firm’s competitive 

environment and response time flexibility, but that there was no relationship between the 

two variables for low performing firms. They also found a stronger positive relationship
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between environmental dynamism and response time flexibility in high (versus low) 

performing firms.

These studies provide initial support for the existence of a contingency-based relationship 

between manufacturing flexibility, the strategy adopted by a firm, and business 

performance. The significant findings in these very differently oriented studies — i.e., 

contingent versus direct relationships between manufacturing flexibility and performance 

— highlight the need for further examination of these relationships. However, given that 

there have been only a few published empirical studies examining this relationship in the 

supply chain context, it is evident that much more work is needed in order to develop 

substantive insights. One area especially in need of further examination is the assessment 

of how the content of a supply chain’s strategy is linked to the different types of supply 

chain flexibility. For example, which dimensions of manufacturing flexibility are most 

supportive to firms competing via new product innovation?

2.2 Supply Chain Management (SCM)

Increased global and domestic competition forces many firms to constantly enhance their 

products’ features, quality, cost, options, and services. Their success depends on 

managing product and process changes while meeting customer requirements. Such firms 

are exploring SCM as a mechanism for enhancing competitiveness and customer 

satisfaction. Traditionally, each segment of the supply chain has been managed as a 

stand-alone entity focused on local goals. This approach tended to foster inter-functional 

conflicts and limited the company’s ability to achieve its goals and provide value to
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customers. In adopting SCM, firms have shifted from function-based (vertical) 

management to process-based (horizontal) management.

The importance of SCM has been increasingly recognized in the manufacturing 

environment. While a supply chain consists of a number of partners or components (such 

as suppliers, manufacturers, distributors, and customers), its effective management 

requires integration of information and material flow through these partners from the 

source to the end user. The interest in supply chain issues has led many companies to 

analyze their supply chains in terms of players, activities, and tools/techniques involved 

(Simchi-Levi et al., 2000). Nowadays, many organizations become a part of at least one 

supply chain. They have to perform equally well, in order to achieve better performance. 

The SCM literature confirms the view that integration of various components involved in 

a supply chain should be carried out so that integration provides visibility, flexibility, and 

maintainability of components involved.

The term “SCM” was originally introduced by consultants in the early 1980s (Oliver and 

Webber, 1992) and has subsequently gained tremendous attention (La Londe, 1998). The 

evolution of SCM continued into the 1990s as organizations further extended best 

practice in managing corporate resources to include strategic suppliers and the logistics 

function in the value chain. Supplier efficiency was broadened to include more 

sophisticated reconciliation of cost, quality, and flexibility considerations. Instead of 

duplicating non-value-adding activities, such as receiving inspection, manufacturers
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trusted suppliers' quality control by purchasing only from a handful of qualified or 

certified suppliers (Inman and Hubler, 1992).

More recently, many manufacturers and retailers have embraced the concept of SCM to 

improve efficiency and flexibility across the value chain. A key facilitating mechanism in 

the evolution of SCM is a customer-focus corporate vision, which drives change 

throughout a firm's internal and external flexibility linkages. Analytically, a typical 

supply chain, shown in Figure 2.1, is simply a network of materials, information and 

services processing links with the characteristics of supply, transformation, and demand 

(Chen and Paulraj, 2004).

Figure 2.1 

Company’s Supply Chain

Internal Supply Chain

Suppliers Purchasing Production Distribution frstomers

Source: J Chen and A Paulraj “Understanding Supply Chain Management: Critical 
Research and Theoretical Framework” (20041

SCM has gained significance as one of the 21st century manufacturing paradigms for 

improving organizational competitiveness. Unfortunately, there is no explicit description 

of SCM or its activities in the literature (New, 1997). For example, Harland (1996) 

describes SCM as managing business activities and relationships: (1) internally within an
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organization, (2) with immediate suppliers, (3) with first and second-tier suppliers and 

customers along the supply chain, and (4) with the entire supply chain.

Scott and Westbrook (1991) and New and Payne (1995) describe SCM as the chain 

linking each element of the manufacturing and supply process from raw materials 

through to the end user, encompassing several organizational boundaries. According to 

this broad definition, SCM encompasses the entire value chain and addresses materials 

and supply management from the extraction of raw materials to its end of useful life 

(Tan, 2000). SCM focuses on how firms utilize their suppliers' processes, technology, 

and capability to enhance competitive advantage, and the coordination of the 

manufacturing, logistics, and materials management functions within an organization 

(Farley, 1997).

Figure 2.1 shows the firms involved in a value chain. It begins with the suppliers and 

continues through the manufacturers and the final users. SCM appears to treat all 

organizations within the value chain as united and virtual business entities. It includes 

activities such as planning, product design and development, sourcing, manufacturing, 

fabrication, assembly, transportation, warehousing, distribution, and post delivery 

customer support. In a truly integrated supply chain, the final consumers pull the 

inventory through the value chain instead of the manufacturer pushing the items to the 

end users. While, in principle, this definition of SCM addresses the supply process 

throughout the value chain, a practical approach to SCM is to consider only strategically 

important suppliers in the value chain (Tan et al., 1998a, b). This leads to a second
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narrower definition of SCM: the integration of the various functional areas within an 

organization to enhance the flow of goods from immediate strategic suppliers through the 

manufacturing and distribution chain to the end user (Houlihan, 1988, 1989). The 

Council of Supply Chain Management Professionals (CSCMP, formerly The Council of 

Logistics Management (CLM)), an influential professional organization focused on SCM 

practice and education, provides the following definition of SCM:

Supply Chain Management encompasses the planning and management o f all activities 
involved in sourcing and procurement, conversion, and all Logistics Management 
activities. Importantly, it also includes coordination and collaboration with channel 
partners, which can be suppliers, intermediaries, third-party service providers, and 
customers. In essence, Supply Chain Management integrates supply and demand 
management within and across companies (www.cscmp.org).

A partial list of the different definitions from several authors can be found in Table 2.1.

Table 2.1

A Partial List of the Different Definitions of Supply Chain Management

SCM References Definitions o f SCM
Christopher (1992) Network o f organizations that are involved, through upstream and downstream 

linkages, in the different processes and activities that produce value in the form o f  
products and services in the hands o f  the ultimate consumer.

Lee an d N g(1997) A network o f entities that starts with the suppliers' supplier and ends with the 
customers' customers for the production and delivery o f goods and services to the 
final customer.

Lambert et al. 
(1998)

Supply chain management is the integration o f key business processes from end 
user through original suppliers that provide products, services, and information that 
add value for customers and other stakeholders.

Tan et al. (1999) Supply chain management encompasses materials/supply management from the 
supply o f  basic raw materials to final product. Supply chain management focuses 
on how firms utilize their suppliers' processes, technology and capability to 
enhance competitive advantage. A management philosophy extends traditional 
intra-enterprise activities by bringing trading partners together with the common 
goal o f optimization and efficiency.

Chopra and Meindl 
(2001)

A system that helps managers to manage the flow o f information and physical 
products or services from raw material suppliers through different plants, 
warehouses, and distribution centers to the end users. SCM also manages the flow  
o f cash from customers upstream to suppliers.

Lummus et al. 
(2003)

Supply Chain Management includes managing supply and demand, sourcing raw 
materials and parts, manufacturing and assembly, warehousing and inventory 
tracking, order entry and order management, distribution across all channels, and 
delivery to the customer.
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While the previous discussion focuses on various definitions that exist in supply chain 

literature, what follows will attempt to clarify the concept of supply chain. The concept 

has occurred at different systems levels, as shown in Figure 2.2. Some authors have used 

the term to refer to the processes inside a manufacturing organization from purchasing 

and receiving of materials and components, through the transformation processes of 

production, to dispatch and physical distribution of the product to the manufacturer’s 

customers (Houlihan, J, 1988). In Figure 2.2, this is represented as Level 1. Other authors 

have used the term supply chain synonymously with purchasing and supply management, 

or procurement, and described it as the dyadic, or two party, relationships with a supplier, 

shown as Level 2 in Figure 2.2.

Figure 2.2

System Levels of the Supply Chain Concept

Level 1- Internal Chain
Organization

Level 2- Dyadic Relationship
Suppliers Manufacturers

Level 3-External Chain___
Suppliers CustomersManufacturers Retailers

Level 4- Network Relationships
Customer

Suppliers
Suppliers Retailers

Manufacturers CustomerSuppliers

Retailers
Suppliers

CustomerSuppliers

Sources: Christine Harland “Supply chain operational performance roles Integrated 
Manufacturing Systems” (19971
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Some authors have viewed supply chains more holistically as the total chain of exchange 

from original source of raw material, through the various firms involved in extracting and 

processing raw materials, manufacturing, assembling, distributing and retailing, to 

ultimate end customers. Recently, attention has been focusing on a “holistic view” of 

supply chains (Holmberg 2000, Boubekri 2001); this includes the two concepts shown as 

Level 3 and 4 in Figure 2.2. In this research study, we consider the holistic concept of the 

supply chain as the total chain of exchange from original source of raw material, through 

the various firms involved in extracting and processing raw materials, manufacturing, 

assembling, and distributing, to the ultimate end customers. This is represented as Level 3 

and 4 in Figure 2.2

2.2.1 Supply Chain Performance

Many, if not all, supply chain organizations continually measure the performance of their 

business for different reasons. These reasons include, but are not limited to, reporting the 

health of an organization to stakeholders, locating main problem areas in different units, 

initiating improvement activities to stay ahead of competitors, understanding the 

impression customers have about the company’s products or services, and, in general, 

making better, informed decisions. While many organizations still use the traditional 

financial measures of performance, it is argued that these measures are not adequate for 

today’s competitive environment. Supply chain companies have realized the importance 

of financial and non-financial performance measures. However, they have failed to 

understand them in a balanced framework (Gunasakeran, 2001). According to Kaplan 

and Norton (1996), while some managers and researchers have concentrated on financial
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performance measures, others have concentrated on operational measures. Such an 

inequality does not lead to the measures that can present a clear picture of the 

organizational performance. As suggested by Maskell (1991), for a balanced approach, 

companies should bear in mind that, while financial performance measurements are 

important for strategic decisions and external reporting, day-to-day control of 

manufacturing and distribution operations is better handled with non-financial measures.

It is clear that a supply chain measurement system that consists of either financial or 

operational measures alone is generally inadequate. Moreover, most studies have adopted 

financial and/or operational measurements to gauge the improvement and performance of 

the focal firm (either buyer or supplier) (Chen and Paulraj, 2004). After all, the essence of 

SCM implies that it is the combined performance of the integrated supply chain that is of 

paramount importance. It is encouraging to note that several researchers have started to 

propose the measurement of overall supply chain performance. In their seminal work, 

Kaplan and Norton (1996a, b) proposed a “balanced scorecard” approach for supply 

chain performance measurement. Their approach incorporates both financial and 

operational performance measures that are used at various levels of the supply chain, 

including supply chain, organizational, functional, and team levels.

2.2.1.1 Financial Performance

A common measure of business performance is referred to as the financial performance 

because it centers on the use of simple outcome-based financial indicators that are 

assumed to reflect the fulfillment of the economic goals of the firm. Financial
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performance has been the dominant model in empirical strategy research (Hofer, 1983; 

Venkatraman and Ramanujam, 1987). Typical of this approach would be the examination 

of such indicators as sales growth, profitability, earnings per share, investment on assets, 

and so forth. The inadequacies of using solely financial performance measures in supply 

chains, however, have been well documented in the academic literature (Medori and 

Steeple, 2000; Neely et al., 1995; Neely, 1999; Beamon, 1999; Gunasekaran, 2001; and 

Chen and Paulraj, 2004). It has been further argued that every manager knows that there 

are important limitations in relying exclusively on financial measures of performance 

(Eccles and Pybum, 1992). These traditional measures are, at best, too summarized to be 

useful and, at worst, they provide a very limited and often misleading picture of an 

organization’s performance (Tarr, 1995). Kaplan (2004) contended that companies have 

relied on summary financial measures and thus ignored the powerful opportunities for 

continuous improvement that a well-constructed set of non-financial operating measures 

can offer.

2.2.1.2 Operational Performance

A broader conceptualization and more effective performance measure should include 

indicators of operational performance in addition to those of financial performance. This 

is mainly because non-financial measures can overcome the limitations of just using 

financial performance measures (Neely, 1999; Beamon, 1999; Medori and Steeple, 

2000). There are many advantages to using non-financial measures, including the facts 

that non-financial measures are more timely than financial ones (Gunasekaran, 2004). On 

one hand financial performance measures are more measurable and they are consistent
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with company goals and strategies, however, on the other hand non-financial measures 

change and vary over time as market needs change and thus tend to be flexible (Medori 

and Steeple, 2000).

While financial performance measures are more likely to reflect the assessment of a firm 

by factors outside of the firm’s boundaries, operational measures reflect more directly on 

the efficiency and effectiveness of the operations within the firm. These categories of 

performance reflect competencies in specific areas of the supply chain, including cost, 

delivery speed and reliability, quality, and customer satisfaction. Operational 

performance measures provide a relatively direct indication of the efforts of the various 

supply chain constructs. Recognizing the importance of financial and non-financial 

performance, supply chain organization must include both measurements.

This research considers both measurements, the financial performance measurement and 

non-financial performance measurement. Two important dimensions of financial 

performance are examined, net profit performance (NPP) and sales growth performance 

(SGP). Both of these dimensions are operationalized using a single item measure. SGP 

reflects the performance trend of the business. NPP reflects an efficient view of the 

current performance. Profitability and sales growth are the two most popular types of 

performance indicators used in the industry (Bourgeois, 1980). Two important 

dimensions of non-financial performance are examined, customer satisfaction 

performance (CSP) and lead-time performance (LTP). CSP is the degree to which 

customers perceive that they received products and services that are worth more than the
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price they paid (Tracey, 1996). As advocated by Slack (1987) and Swamidass and Newell 

(1987), this study proposes measures that are based on the perception of managers to 

assess customer satisfaction. CSP dimension is operationalized using multiple measures. 

These measures include response time to customer query, level of customer perceived 

value of product, and level of service systems to meet particular customer needs. LTP, 

refers to the time elapsed in between the receipt of customer order until the delivery of 

finished goods to the customer. The reduction in lead time leads to reduction in supply 

chain response time, and as such is an important performance measure and source of 

competitive advantage (Christopher, 1992) — it directly interacts with customer service 

in determining competitiveness. Order lead-time dimension is operationalized using a 

single item measures.

2.2.2 Supply Chain Strategy

While research relating to strategy in the business context dates from 1914 at Harvard 

(Thomas, 1984), strategy was not really defined until the 1960s by Chandler (1962) who 

defined strategy in terms of long term objectives and resource priorities. Strategies serve 

to exploit a corporation’s capability and flexibility as a competitive weapon to achieve its 

mission and objectives. A clear strategy can play an important role in a firm’s success. In 

today’s competitive environment, a company more than ever needs a strategy that 

specifies the kind of competitive advantage that it is seeking in the market and articulates 

how that advantage is to be achieved (Hayes and Pisano, 1994). A typical business firm 

should consider three levels of strategies: corporate strategy, business strategy, and 

functional strategy. Corporate strategy describes a company’s overall direction. Business
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strategy occurs at the business unit level. And functional strategy is concerned with 

developing a distinctive competence to provide a company or a business unit with a 

competitive advantage (Hunger and Wheelen, 2001).

For example, Miller and Roth’s (1994) clustering of 164 large American manufacturers 

across eleven competitive priorities revealed three main manufacturing strategy types, 

which the authors labeled marketers, caretakers, and innovators. The Marketers’ strategy 

is oriented towards reliability in the manufacturing process especially in quality and 

delivery. The Caretakers’ strategy is uniquely preoccupied with low price over all other 

potential competitive capabilities. The Innovators’ strategy is characterized by an 

emphasis on quality and an avoidance of price competition.

Venkatraman (1989) developed six types of business strategy: aggressiveness, analysis, 

defensiveness, futurity, pro-activeness, and riskiness. Definitions of the six strategy types 

are as follows: Aggressiveness: This type reflects the posture adopted by an organization 

in allocating its resources to improve market positions at a relatively faster rate than the 

competitors in its chosen market. Analysis: This type refers to the tendency of an 

organization to search deeper for the roots of the problems and to generate the best 

possible alternative solutions. Defensiveness: This type captures the defensive behavior 

of an organization through the extent to which the organization employees use cost 

reduction and efficiency seeking methods. Futurity: This type reflects temporal 

considerations embedded in key strategic decisions, in terms of relative emphasis of 

effectiveness considerations versus efficiency considerations. Pro-activeness: This type
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reflects proactive behavior about participation in emerging industries, continuous 

research for market opportunities, and experimentation with potential responses to 

changing environment trends. Riskiness: This type captures the extent of riskiness in 

various resource allocation decisions as well as choice of products and markets.

Another major body of research work in the field of strategy has concentrated on 

identifying universal rules and concepts. For example, Porter (1985) has presented three 

generic strategies for improving the competitive position of an organization: cost 

leadership, differentiation, and focus. Porter argues that an organization will have to 

make a choice between these generic strategies if it is to achieve a competitive advantage. 

This is to say the organization will either have to keep its costs lower than its competitors 

or differentiate its offerings so that they are perceived as providing higher value when 

compared with offerings of competitors. The focus strategy means that the organization 

should concentrate on a certain customer segment, product range, or geographic market. 

This classification of generic strategies has formed the basis for a whole body of research 

directed towards the development of more generic strategies (Kotha, and Ome, 1989).

Miles and Snow (1978) propose four basic strategic types reflecting how a firm moves 

through this adaptive cycle. These are: (1) the prospector strategy in which the firm 

rapidly changes its range of product and service offerings in order to be first in the 

marketplace; (2) the analyzer strategy in which the firm follows a stable base of core 

products and services while carefully evaluating the addition of new offerings having 

promise; (3) the defender strategy in which the firm tries to offer the best possible 

product or service within a narrow range of expertise; and (4) the reactor strategy which
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is a violation of the adaptive cycle in that top managers attempt to respond to business 

challenges through focused initiatives in one of the adaptive cycle domains without 

properly linking activities between the three domains.

A superior supply chain strategy is, then, one that maximizes the value added by internal 

activities while developing solid partnerships leading to high value external activities 

(Schnetzler et al., 2007). This vision of supply chain strategy stems from the activity- 

based (Porter, 1985) and the resource-based (Peteraf, 1991) views of the firm developed 

in the literature in recent years. According to Chopra and Meindl (2001), a supply chain 

strategy determines what should be of special benefit in operations, distribution, and 

service. Harrison and van Hoeck (2002) understand supply chain strategy as guiding 

principles for the communication of objectives, plans, and policies across all levels of the 

supply chain. Schnetzler et al. (2007) defined supply chain strategy as a set of prioritized 

SCM objectives (i.e., strategic priorities) and a way to operationalize them (i.e., to 

determine appropriate measures) in order to build up and capitalize on so-called logistics 

success potentials that can potentially result in successful business performance. 

Generally, there is no agreement as to a definition of strategy (Chaharbaghi and Willis, 

1998). Empirical studies have pointed up the significance of supply chain strategy for 

corporate strategy and for competitiveness, or competitive advantage, but the reality is 

that supply chain strategies are mostly inadequately articulated and defined (Harrison and 

New, 2002). These issues all raise important questions concerning our present knowledge 

about supply chain strategy. Are the previous strategy frameworks still applicable in 

today’s dynamic global manufacturing environment? If not, is their recent supply chain
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strategy framework, or can new findings update their model into a more robust 

framework?

Critically reviewing the supply chain literature shows no specific supply chain strategy 

framework suggested by previous studies that considers recent trends except one recent 

study by Katz et al. (2003). Katz et al. (2003) developed a framework for portraying how 

members of the supply chain community share information in the development of 

collective competitive strategies through the adaptive behavior model developed by Miles 

and Snow (1978). Katz et al.'s (2003) model examines how supply chains are 

cooperating and coordinating to benefit the entire supply chain by forming cohesive 

communities that tend to adopt generic supply chain strategies in order to more 

effectively serve the end customer. Specifically, the authors propose that members of the 

supply chain communities adopt three active strategies for expanding their scope: 

innovating, modularizing, and appending. It is also possible for the members of the 

supply chain to adopt a more passive strategy that involves simply following in the 

footsteps of other competitors that may not expand the scope of the supply chain but may 

serve to keep the supply chain members linked as a looser form of community.

As displayed in Table 2.2, three active supply chain community strategies are proposed 

(modularizing, appending, and innovating) as well as one passive strategy (following) 

representing the manner in which supply chain members share information and cooperate 

to form a cohesive approach for their competitive activity. Each supply chain community 

strategy is primarily associated with one of Miles and Snow’s (1978) strategies as shown
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in Table 2.2. The following sections offer a more detailed discussion of these four supply 

chain community strategies.

Table 2.2

Definitions of Supply Chain Strategies

Generic Business Strategies (Miles and Snow, 
1978)

Supply Chain Community Strategies 
Katz et al. (2003)

Defender Firms offer the best possible 
product or service within a 
narrow range of expertise

Modularizing Moving from providing 
only parts to entire sub- 
assemblies

Analyzer Firm adds to a stable base of 
core products and services after 
carefully evaluating new 
additions that have promise

Appending Bundling services that 
are presently available 
elsewhere with existing 
goods and services

Prospector The firm rapidly changes its 
range of product and service 
offerings to be first to market

Innovating Providing a good or 
service previously 
unavailable elsewhere

Reactor The firm does not have an 
effective process for competing

Following Mimic the behavior of 
other suppliers

Adapted from Katz et al. (2003) “Supply Chain Management: An International Journal” 
Vol. 8. No. 4. pp. 295.

2.2.2.1 Modularizing Strategy

From the supply chain perspective, modularizing occurs when a supply community 

moves from out-sourcing related inputs from multiple sources to buying all of the inputs, 

often assembled together, from a single source. That is, modularizing occurs when the 

community switches from selling individual inputs to selling complete sub-assemblies, or 

bundles, of services. Clearly, the end consumer drives this movement because 

modularizing is an attempt by the supply community to provide greater value — through 

good service, higher quality, or both — to the end customer (Katz et al., 2003). The move 

to modular assembly in the automotive industry is one example of this behavior. Other 

examples can be found in the software industry where companies have moved from
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selling stand-alone software, to packages or “ suites” of software. In this strategy, the 

supplying firm is essentially performing more of the same types of processes it has 

always performed for the buyer and the supply chain. Doing so protects the supplier from 

others in their competitive niche, because less business is available. Modularization 

should make a niche harder to enter because the supplier will be leveraging both tangible 

and intangible assets across a greater number of outputs, which should allow for lower 

prices through economies of scale (Hitt et al., 2001). Members of the supply chain 

following the modularization strategy posses a substantial amount of resources and 

capabilities. The characteristics that determine this type of strategy are outlined in Table

2.3.

Table 2.3

The Characteristics of Modularizing Strategy

Item
No

Modularizing Strategy Items Section and 
0 #

01 A fewer number of outsourcing related inputs A. 1-03
02 Offering high quality products or services A. 1-07
03 Leveraging knowledge and resources that do not exist elsewhere A.l-11
04 Offering low price products or services A.l-15
05 Timing of adopting new production technology A.l-17
06 Timing of introducing new products to the market A.l-18

2.2.22 Appending Strategy

In this approach, the supply community bundles goods or services that are presently 

available elsewhere with the existing goods or services in the hope of gaining additional 

profit from end customers. This strategy differs from modularizing along one key 

dimension. Modularizing seeks to increase the supply community’s scope using present 

competencies and resources. In other words, a modular move leverages knowledge and
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resources that may not exist elsewhere. On the other hand, appending involves the 

addition of a new good or service to the supply chain that does not leverage existing 

competencies. The intent of this strategy is to offer higher margin services along with the 

core product or service already being offered. For example, in the case of package 

delivery, companies are appending logistics consulting and management to supplement 

existing package delivery services (Katz et al., 2003). In the case of microchip makers, 

delivery services are being offered to complement the production of chips. In these 

examples the members of the community seek to provide higher margin service to the 

supply chain and the end consumer. This competitive strategy is calculated to move 

supply community members into higher margin businesses still linked to existing 

customers. The characteristics that determine this type of strategy are outlined in Table

2.4.

Table 2.4

The characteristics of Appending Strategy

Item
No

Appending Strategy Items Section 
and Q #

01 Offering high margin services along with the core products or 
services already being offered

A. 1-02

02 Offering goods or services that are available elsewhere A. 1-06
03 Does not leverage existing competencies A.l-10
04 Effective long term material planning A.l-14
05 Timing of adopting new production technology A.l-17
06 Timing of introducing new products to the market A.l-18

2.2.2.3 Innovating Strategy

Innovating firm adds one significant potential benefit to the supply community: a good or 

service not previously offered. That is, by creating new knowledge or competencies 

unavailable elsewhere, new technology enables the entire supply community to do
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something unique; the result is that all members have a new competitive advantage. 

However, choosing the wrong technology may result in the wrong product or service 

without any market, a risk that makes this strategy characteristic of innovative firms 

trying to leverage first-mover advantages. Their successful behavior will lead to the 

supply of future goods and services not presently available. Further, the INS firm is the 

earliest to enter the new market or to adopt the new technology in order to achieve 

competitive advantage. The characteristics that determine this type of strategy are 

outlined in Table 2.5.

Table 2.5

The Characteristics of Innovating Strategy

Item
No

Innovating Strategy Items Section 
and Q #

01 Frequency of product innovation A.l-01
02 Creating new knowledge and competencies unavailable elsewhere A. 1-05
03 Offering new goods or services that are not previously offered A. 1-09
04 Use of new technology to do something unique A.l-13
05 Timing of adopting new production technology A.l-17
06 Timing of introducing new products to the market A.l-18

2.2.2.4 Following Strategy

A follower is a firm that has a late entry to the market or a late adoption of new 

technology. This type of strategy involves simply following in the footsteps of other 

competitors that may not expand the scope of the supply chain. In other words, firms 

adopting following strategy mimic the behavior of other firms. This strategy emphasizes 

the implementation of cost reduction and efficiency improvement. The characteristics 

that determine this type of strategy are outlined in Table 2.6.
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The present study employs the typology of supply chain strategy framework proposed by 

Katz et al (2003) for several reasons. First, critically reviewing supply chain literature, 

this is the only proposed framework specifically developed for the supply chain context. 

Second, the supply chain strategy framework from Katz et al (2003) has not received 

empirical validation. Third, while at its core, the Katz et al (2003) supply chain strategy 

framework is based upon the older theoretical perspectives, it represents a more 

contemporary perspective. Finally, the focus of the previous strategy frameworks has 

been mainly from the viewpoint of a manufacturing system strategy or a production 

system strategy as a single entity. With the advent of the SCM concepts, these strategy 

frameworks are no longer adequate, since supply chain strategy requires consideration of 

all channels in the supply chain. Similarly, applying these manufacturing strategy 

frameworks in the context of a supply chain is no longer adequate in the current 

competition.

Table 2.6

The Characteristics of Following Strategy

Item
No

Following Strategy Items Section 
and Q#

01 Increase in worker productivity A. 1-04
02 Use low cost component parts A. 1-08
03 Use of common component parts A.l-12
04 Implementation of cost reduction and efficiency improvement A.l-16
05 Timing of adopting new production technology A.l-17
06 Timing of introducing new products to the market A.l-18

2.2.3 Status of Supply Chain Flexibility Research

The development of manufacturing flexibility has been, without question, one of the most 

important developments in the area of supply chain flexibility. Although flexibility and
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SCM have been among the leading concerns of operations managers for several years, 

there are limited specific studies on supply chain flexibility in the literature. Although the 

research articles available on the specific subject of supply chain flexibility are not very 

numerous, it is possible to find some classifications of the various types of supply chain 

flexibility, usually associated with correspondent types of manufacturing flexibility.

The components of manufacturing flexibility play an important role in supply chain 

flexibility. However, as the supply chain extends beyond the enterprise, supply chain 

flexibility must also extend beyond one firm’s internal flexibility (Duclos et al., 2003). In 

addition, some researchers have added new dimensions that are more relevant to the 

supply chain environment. Five recent articles have provided the research community 

with a fairly comprehensive review of flexibility from a supply chain perspective 

(Vickery et al., 1999; Duclos et al., 2003; Pujawan, 2004; Lummas et al., 2005; Kumar et 

al., 2006). These articles also serve to represent the current state of research in supply 

chain flexibility.

Vickery et al. (1999) focused on flexibility in the supply chain and defined five supply 

chain flexibilities based on previous operations literature. The authors state that supply 

chain flexibility “should be examined from an integrative, customer-oriented 

perspective.”  The five defined flexibilities are: (1) product flexibility, defined as the 

ability to customize a product to meet specific customer demand; (2) Volume flexibility, 

defined as the ability to adjust capacity to meet changes in customer quantities; (3) New 

product flexibility, defined as the ability to launch new or revised products; (4)
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Distribution flexibility, defined as the ability to provide wide dispread access to products; 

and (5) Responsiveness flexibility, defined as the ability to respond to target market 

needs. While these descriptions of flexibility are appropriate, most of the responsibility 

for one of the types of flexibility lies with one functional area of a particular firm. 

Manufacturing is generally responsible for volume flexibility; marketing is generally 

responsible for distribution flexibility; research and design is responsible for new 

production introduction flexibility, etc. By focusing on these flexibilities from an internal 

perspective much of the contribution of a supply chain perspective is lost (Duclos, et al., 

2003).

A useful attempt at clarifying and identifying supply chain flexibility components is 

provided by Duclos et al. (2003) who constructed a framework using the various research 

studies of manufacturing flexibility and SCM. Duclos et al. (2003) examine flexibility 

classification schemes and the commonalities of flexibility typologies to identify the 

cross-enterprise nature of supply chain flexibility and the need to improve flexibility 

measures across firms. Further, the authors emphasized that as the supply chain extends 

beyond the enterprise, supply chain flexibility must also extend beyond one firm’s 

internal flexibility. The authors defined six supply chain flexibility components based on 

previous operations literature. The first component is operations system flexibility (both 

manufacturing and service), which is the ability to configure assets and operations to 

react to emerging customer trends (product changes, volume, and mix) at each node of 

the supply chain. The second component is market flexibility, defined as the ability to 

mass customize and build close relationships with customers, including designing and
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modifying new and existing products. The third component is logistics flexibility, which 

is the ability to cost effectively receive and deliver product as sources of supply and 

customers change (customer location changes, globalization, and postponement). The 

fourth component is supply flexibility, or the ability to reconfigure the supply chain, 

altering the supply of product in line with customer demand. The fifth component is 

organizational flexibility, defined as the ability to align labor force skills to the needs of 

the supply chain to meet customer service/demand requirements. The final component, 

ISF, is the ability to align information system architectures and systems with the 

changing information needs of the organization as it responds to changing customer 

demand.

Pujawan’s (2004) framework is designed in such a way that a supply chain can compare 

the desired level of flexibility and the current capability in various elements of supply 

chain flexibility. The four main parts of supply chain flexibility are identified; they 

include the product delivery system flexibility, production system flexibility, product 

development flexibility, and sourcing system flexibility. Pujawan (2004) argued that the 

sourcing function is said to be flexible if it has sufficient extra supply capacity to 

anticipate sudden increases in the volume of materials required, the suppliers are able to 

deliver materials in various different speed options, and the suppliers can mix different 

items into a delivery load so that small requests can be satisfied easily. This dimension is 

similar to the supply flexibility dimension suggested by Duclos et al. (2003). Pujawan 

(2004) proposed ten items that need to be assessed when evaluating SOF. The second 

part is product development flexibility, or the ability of the company to produce various
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new designs in a timely and cost-effective manner and to flexibly deploy resources 

related to product development. Pujawan (2004) proposed seven items related to the 

assessment of product development flexibility. The third item is manufacturing or 

production flexibility, defined as the ability of the manufacturing system to produce 

products of different types and different volume at an acceptable speed and cost. The 

author proposed 11 elements that need evaluating to assess the manufacturing flexibility 

of a supply chain. The final part suggested in this framework is DLF. Pujawan (2004) 

argued that DLF in the supply chain context should be broadened to include the ability of 

the supply chain to deliver different types of products to the customers with a wide range 

of volume at an acceptable cost and time. He proposed seven items related to the 

assessment of DLF.

Lummas et al. (2005) explored the characteristics of flexible supply chains by conducting 

a Delphi study. Delphi studies are used when group consensus from a panel of experts is 

sought. The purpose of this Delphi study was to gain the expert panel’s consensus on the 

key characteristics and capabilities of flexible supply chains. A random subset of 100 

individuals was identified, using job title as the primary selection factor. All individuals 

were at the manager level or higher. This study was accomplished in three comprehensive 

rounds. Round 1 generated 112 characteristics/capabilities of flexible supply chains. 

Round 2 generated 59 characteristics/capabilities of flexible supply chains. In Round 3, 

six items obtained unanimous consensus as important characteristics or capabilities for 

supply chain flexibility. These items can be roughly grouped into two categories: the 

ability to meet customer delivery requirements and information issues. The results of the
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Delphi study provided a set of characteristics important to practitioners for improving 

overall supply chain flexibility. The list of characteristics was further refined with respect 

to the degree of importance of each characteristic. From a review of the literature on 

manufacturing flexibility, strategic flexibility, and the limited writings on supply chain 

flexibility, Lummas et al. (2005) suggested five components of supply chain flexibility. 

These five components are defined as follows:

1- Operations system flexibility (both manufacturing and service): the ability to configure 

assets and operations to react to emerging customer trends (product changes, volume, and 

mix) at each node of the supply chain.

2- Logistics flexibility, the ability to cost effectively receive and deliver a product as 

sources of supply and customers change (customer location changes, globalization, and 

postponement).

3- Supply flexibility: the ability to reconfigure the supply chain, altering the supply of 

product in line with customer demand.

4- Organizational flexibility, the ability to align labor force skills to the needs of the 

supply chain to meet customer service/demand requirements.

5- Information systems flexibility, the ability to align information system architectures 

and systems with the changing information needs of the organization as it responds to 

changing customer demand.

Recently, Kumar et al. (2006) have developed a framework to critically review a number 

of manufacturing flexibility frameworks and a limited number of supply chain flexibility 

studies that presents a starting point in developing a framework for implementing and
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managing supply chain flexibility. Kumar et al. (2006) define the five supply chain 

flexibilities dimensions based on previous operations literature. The first type of supply 

chain flexibility taxonomy is PRF, which is defined as the ability of the supply chain 

partners to produce a customized product or upgrade existing ones economically and with 

no additional time to meet customers’ specifications. The second SOF, is defined as the 

ability of the supply chain partners to control the supply levels (increasing or decreasing) 

economically and with no additional time to meet customer demand. The third dimension 

is DLF, which is defined as the ability of the integrated logistic system to distribute and 

deliver the product economically and with no additional time from the raw material 

source to the final customer. The fourth dimension, NPF, is defined as the ability of 

supply chain partners to collaborate and coordinate to produce completely new products 

economically and with no additional time to meet the market demand. Finally, responsive 

flexibility, is defined as the capability of supply chain partners to respond economically 

and with no additional time to the market changes to satisfy customer demand. This 

framework provides various feedback loops, suggesting the need for continually 

monitoring flexibility to ensure that the supply chain flexibility is being achieved.

In summary, each author may use different dimensions to identify supply chain flexibility 

similar to the manufacturing flexibility literature. However, in the supply chain context 

the dimensions should be related to supply chain functions. Table 2.7 summarizes the 

conceptual dimensions of supply chain flexibility proposed and examined in the 

academic literature. The classifications depicted in Table 2.7, provided by various 

researchers, were used to develop a supply chain flexibility taxonomy for this research.
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Using such frameworks, flexibility types can be defined in a common manner, even if 

they have been derived based upon different models and assumptions. Such a 

classification will provide not only a mechanism for classifying existing flexibility types 

to be used in this research, but also a foundation for future efforts in defining types of 

supply chain flexibility and measures.

Table 2.7

Summary of Supply Chain Flexibility Dimensions Used in the Literature

Types of supply chain 
flexibility

Vickery 
et al. 

(1999)

Zhang 
et al. 
(2002)

Duclos 
et al. 

(2003)

Pujawan,

(2004)

Sa'nchez
and

Manuela
2005

Lummas 
et al. 

(2005)

Kumar 
et al. 

(2006)

Total
Numbers

Cited

1 New product/ launch 
flexibility

• • • 3V

2 Product /Product
development
flexibility

• • • • 4V

3 Sourcing/ Supply/
V olume/Procurement 
flexibility

• • • • • • 6V

4 Responsiveness
flexibility

• • 2

5 Operations system 
flexibility

• • 2

6 Market flexibility • 1
7 Logistics/ Delivery/ 

Distribution/ Access 
flexibility

• • • • • • •

8 Organizational
flexibility

• • 2

9 Information systems/ 
Spanning flexibility • • • 3V

10 Production flexibility • 1
11 Trans-shipment

flexibility
• 1

12 Manufacturing
flexibility

• 1

The types of supply chain flexibility used for this research have been selected based on 

two important criteria. Firstly, based on the analysis presented in Table 2.7, the flexibility 

types that are more frequently used in the supply chain flexibility literature usually
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include procuring the materials (sourcing), developing new products, producing the 

actual products, delivering the finished products, and information systems needed to 

support these flexibilities. Secondly, these types of supply chain flexibility directly 

impact a customer’s perception, i.e., these are the types that add value in a customer’s 

eyes. In the following sections, the dimensions of supply chain flexibility used for this 

research are described in detail and a formal definition for each dimension is provided.

2.2.4 Supply Chain Flexibility Dimensions

Das (1996) concludes that, since every manufacturing facility experiences different 

changes to different degrees and the diversity of these possible changes is large, several 

different types of flexibilities may be appropriate. A number of taxonomies have been 

developed to describe supply chain flexibility as illustrated in section 2.3. From the 

previous definitions of SCM, those activities include delivering a product from raw 

material through to the customer, including sourcing raw materials and parts, 

manufacturing and assembly, warehousing and inventory tracking, order entry and order 

management, distribution across all channels, delivery to the customer, and the 

information systems necessary to monitor all of these activities (Duclos et al., 2003).

Flexibility should, therefore, be pursued by a supply chain, or at least by every function 

related to supply chain activities. To a world-class organization, a happy and satisfied 

customer is of the utmost importance. Without a contented customer, the supply chain 

strategy cannot be deemed effective (Gunasekaran et al., 2004). Van Hoek et al. (2001) 

emphasize that to assess supply chain performance, supply chain measure must center on
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customer satisfaction. With this concept in mind, supply chain flexibility should be 

viewed from the perspective of the entire value chain-adding system, i.e., total system 

flexibility (Hyun and Ahn, 1992). This viewpoint suggests that supply chain flexibility 

should be examined from an integrative, customer-oriented perspective (Vickery et al., 

1999). Therefore, the supply chain flexibility dimension encompasses those flexibilities 

that directly impact a firm’s customers (i.e., flexibilities that add value in customers’ 

eyes), and those commonly cited in operations management literature. In addition, this 

chosen flexibilities taxonomy appears to include other kinds of flexibility, both of a 

general nature and those related to specific manufacturing or operation problems. Hence, 

five dimensions of supply chain flexibility are considered in this research: developing 

new products, sourcing, customizing products, delivering the finished products, and 

delivering information systems. Table 2.8 presents a working definition of the five basic 

types of supply chain flexibility dimensions.

In the following sections, the dimensions of supply chain flexibility (new product, 

sourcing, product, delivery, and information systems flexibilities) are described, and their 

sub-dimensions are discussed. For the sub-dimensions, two attributes of flexibility are 

mentioned: range and mobility (Sethi and Sethi 1990, Slack 1987, Upton 1995). Mobility 

is the ability to change nimbly from making one product to another that can be measured 

by the time and cost of change. In this research, we use Slack's (1987) expanded 

definition, "range is defined as the number of different positions, or flexible options that 

can be achieved with existing resources." An organization with a higher number of range 

states will be more flexible than an organization with fewer range states. For example, an
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organization with multiple production facilities for the same product has more flexibility 

than an organization with only one production facility. This higher level of flexibility 

exists since the organization with multiple production facilities can reallocate or 

otherwise adjust its production in response to environmental changes such as labor 

disputes. Next, each supply chain flexibility dimension is defined in Table 2.8 and 

described in order to develop the research hypotheses in the coming chapter.

Table 2.8

Supply Chain Flexibility Taxonomy Definitions

Construct Definition Related Research
New
Product
Flexibility
(NPF)

The ability of supply chain functions, whether 
internal or external, to collaborate and 
coordinate to produce completely new products 
in response to the market demand in a timely 
and cost effective approach

Hyun and Ahn’s, 1992; 
Vickery et al. 1999; 
Christopher, 2000; Kumar et 
al., 2006; Gerwin, 1993.

Sourcing
Flexibility
(SOF)

The ability of supply chain functions, whether 
internal or external, to respond in a timely and 
cost effective approach to changing 
requirements of purchased components 
(increasing or decreasing) profitably to meet 
customer demand

Duclos et al. 2003; Kumar et 
al. 2006; Pujawan, 2004; 
Sa'nchez and Manuela, 2005; 
Lummas et al. 2005;
Swafford et al. 2006; Sanchez 
and Perez, 2005.

Product
Flexibility
(PRF)

The ability of supply chain functions, whether 
internal or external, to develop customized 
products or upgrade existing ones in a timely 
and cost effective approach to meet special 
customer specification

Pine, 1993; Carter, 1986; 
Abegglen and Stalk, 1985; 
Goldhar and Lei 1995; Kumar 
et al. 2006; Gerwin, 1993; 
Thomke, 1997; Griffin, 1993.

Delivery
Flexibility
(DLF)

The ability of the integrated logistic system to 
distribute and deliver the products from the raw 
material source to the final customer in a timely 
and cost effective approach

Vickery et al. 1999; Kumar et 
al. 2006; Duclosef al. 2003; 
Pujawan, 2004; Sa'nchez and 
Manuela, 2005; Kopczak, 
1997; Fawcett and Clinton, 
1996; Gerwin, 1993.

Information
Systems
Flexibility
(ISF)

The ability of the supply chain information 
systems functions (whether internal or external) 
to share the required information and support 
changing requirements of the business with 
respect to changing customer requests

Evans, 1991; Ody and 
Newman, 1991; Lambert and 
Stock, 1993; Zhang et al. 
2002; Duclosef al. 2003; 
Lummas et al. 2005; 
Swafford, 2003; Bown et al. 
1995; Bharadwaj, 1999; 
Mcfee, 2002; Coronado et al. 
2002.
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2.2.4.1 New Product Flexibility (NPF)

As product life cycles dramatically decrease, an increasing strategic emphasis is being 

placed on bringing many new products to market as quickly as possible. The appeal to 

customers of new design and new technology cannot be overemphasized. Hyun and 

Ahn’s (1992) framework emphasizes the importance of a dynamic PRF characterized by 

new product introductions, major design changes, and improvements of static flexibility 

in time and cost. The innovation literature abounds with examples of companies that have 

gained a variety of competitive advantages by being first to the market (e.g., the Chrysler 

Minivans introduced in the 1980s). A close relationship with suppliers also plays a role in 

increasing NPF (Christopher, 2000). On the other hand, when the responsibility of 

developing new products is on more than one organization’s shoulder, there should be a 

mechanism to easily communicate design ideas, including files, prototypes, etc. Product 

development flexibility assessment should take into account such linkages in the context 

of a supply chain.

Vickery et al. (1999) defined new product introduction (i.e., launch flexibility) as the 

ability to rapidly introduce large numbers of product improvements/variations or 

completely new products. Our definition of NPF based on the supply chain context is ‘ the 

ability o f supply chain functions whether internal or external to collaborate and 

coordinate to produce completely new products in response to the market demand in a 

timely and cost effective approach. ’
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There are seven elements to measure NPF. The range attributes for NPF are captured by 

the number of new concepts/options and the number of prototypes that can be created 

every year and by performing design activities concurently. Involving suppliers early in 

the design stages and using technology such as computer-aided manufacturing to create 

new products design are other measures of the NPF range. Mobility is assessed by the 

time and cost of developing multiple new concepts and prototypes. The time and cost 

needed to handle a number of new product development projects under design at a given 

time at reasonable cost, and managing the time and cost to develop new products are also 

another measure of NPF mobility. As can be seen in Table 2.9 we propose seven items 

related to the measurement of NPF.

Table 2.9

Items Used to Measure New Product Flexibility

Item
No

Items Flexibility
Element

Section 
and Q #

1 Developing a number of new products per year Range A2-Q1
2 Performing design activities concurrently Range A2-Q2

3 Involving and supporting design of suppliers in new 
product development

Range A2-Q3

4 Using computer-aided design and computer-aided 
manufacturing to create new products

Range A2-Q4

5 Handling a number of new product development 
projects in design at a given time and at reasonable cost

Mobility A2-Q5

6 Managing the time and cost to perform design activities 
concurrently

Mobility A2-Q6

7 Managing the time and cost to develop new products Mobility A2-Q7
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2.2A.2 Sourcing Flexibility (SOF)

The second of these flexibility dimensions is SOF, which is related to the firm’s ability to 

build a strong relationship with its suppliers for sourcing a variety of component or raw 

materials. The SOF dimension is an analog to volume flexibility in the traditional 

manufacturing flexibility literature. SOF directly impacts customers’ perceptions by 

preventing out-of-stock conditions for products that are suddenly in high demand. The 

sourcing function is said to be flexible if it has sufficient extra supply capacity to 

anticipate sudden increases in the volume of materials required; the suppliers are able to 

deliver materials at various different speed options; and it can mix different items into a 

delivery load so that small requests can be satisfied easily. Along these lines, Duclos et 

al. (2003) defined supply flexibility as the ability to meet the changing needs of 

customers that requires changing the supply of product, including mix, volume, product 

variations, and new products. Meeting these needs in the supply chain requires flexibility 

in sourcing products from raw materials to the outsourced finished product.

One definition of SOF is the, “availability of a range of options and the ability of the 

purchasing function to effectively exploit them to respond to changing requirements for 

the supply of purchased components” (Swafford et al., 2006). Another definition of SOF 

is related to the company’s “ability to find another supplier for each specific component 

or raw material” (Sanchez and Perez, 2005). SOF allows an organization to accommodate 

a wider range of demand fluctuations. Therefore, in our study we have selected SOF as 

it is more relevant to the supply chain environment than volume flexibility. We define 

SOF as "the ability o f supply chain functions whether internal or external to respond in a
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timely and cost effective approach to changing requirements o f purchased components 

(increasing or decreasing) profitably to meet customer demand. ’

Table 2.10

Items Used to Measure Sourcing Flexibility

Item
No

Items Flexibility
Element

Section 
and Q #

1 Operating efficiently and profitably at different levels 
of output

Range A2-Q8

2 Relationship with suppliers in managing the changing 
environment

Range A2-Q9

3 Suppliers coping with changing production volume 
and variety

Range A2-Q10

4 Range of delivery frequency and possible order sizes Range A2-Q11
5 Costs and time implication of changing the schedule Mobility A2-Q12
6 Managing reasonably the cost of switching from one 

supplier to another
Mobility A2-Q13

7 Managing the time and cost needed for outsourcing 
changing requirements

Mobility A2-Q14

8 Cost of changing delivery times of order placed with 
suppliers

Mobility A2-Q15

This study uses eight measures of sourcing supply chain flexibility. The range attribute 

for SOF is the level of aggregate output over which the firm can run profitability under 

normal conditions. The wider the range of possible purchase order methodologies, the 

higher the flexibility for the buyer to select the best purchasing solution to maintain 

supply continuity. Operating efficiently and profitably at different levels of output and 

the quality of the relationship with the supplier in managing the changing environment 

are measures of the SOF range. The ability of key suppliers to cope with changes in 

production volume, variety, delivery frequency, and order size is another measure of the 

SOF range. The time and cost required to switch from one supplier to another captures
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the mobility attribute. The time and cost needed for outsourcing changing requirements 

and changing delivery times of order placed with suppliers are other measures of the 

mobility attribute. In Table 2.10 we propose eight items that need to be measured when 

evaluating SOF.

2.2.4.3 Product Flexibility (PRF)

The third of these types of flexibility that are relevant to a customer-focused supply chain 

is product flexibility (or customization). PRF is responsible for upgrading or modifying 

existing products based on the emerging technologies and changing customer 

expectations. Rapid changes in technology and customer expectations, along with 

shrinking product lifecycles and the push for increased variety, drive the need for 

flexibility within product development. PRF provides the ability to make design changes, 

which can significantly reduce development cycle time (Thomke, 1997). This, in turn, 

enhances the ability to introduce customized products more frequently to cope with the 

effects of shrinking product lifecycles (Griffin, 1993). Pine (1993) emphasizes the 

increasing importance of customization in today's competitive environment.

PRF is a value-adding attribute that is immediately visible to the customer. Carter (1986) 

suggests PRF allows the company to be responsive to the market by enabling it to bring 

newly modified products quickly to the market, referring to the classic example of Honda 

and Yamaha. Honda won its product variety war with Yamaha in the late 1970s, 

essentially due to its superior PRF (Abegglen and Stalk 1985). Another example is Levi 

Strauss, which increased PRF along its entire supply chain, using advanced
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communication and manufacturing technology to offer made-to-order jeans of any color 

at selected outlets (Goldhar and Lei 1995). We have defined PRF in the context of the 

supply chain as "the ability o f supply chain functions whether internal or external to 

develop customized product or upgrade existing ones in a timely and cost effective 

approach to meet customer’s specific specifications.’’

Table 2.11

Items Used to Measure Product Flexibility

Item
No

Items Flexibility
Element

Section 
and Q #

1 Modifying features and specifications of existing 
products

Range A2-Q16

2 Managing varying mix of products in the market place Range A2-Q17
3 Managing large numbers of different designs from 

many standard modules
Range A2-Q18

4 Postponing product configurations until the customer 
orders are specified

Range A2-Q19

5 Managing set up time and cost for most of the 
machines.

Mobility A2-Q20

6 Managing the time and cost of performing difficult and 
non standard products

Mobility A2-Q21

7 Managing the cost and time of changing the production 
product mix in the plant

Mobility A2-Q22

There are seven elements to measure PRF used in this researcher study. The range 

attribute for PRF is captured by modifying different features and specifications to the 

existing products produced by the manufacturing facility. Managing various products in 

the market place and managing a large number of different designs from many standard 

modules are other measures of PRF range. Mobility is assessed by the time and cost 

required to produce the product. The time and cost needed to handle difficult and non-
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standard products is also used to measure PRF mobility. The time and cost needed for 

machine setup and changing production mix are other measures of PRF mobility. In 

Table 2.11, we propose seven items that need to be measured when evaluating PRF.

2.2.4.4 Delivery Flexibility (DLF)

Another critical supply chain flexibility with high customer impact is delivery flexibility. 

DLF is responsible for delivery of products to customers, thus it is vital to an 

organization’s time-based competitive strategy (Fawcett and Clinton, 1996). To gain a 

competitive advantage through delivery, logistics must be able to accommodate dynamic 

and diverse delivery requirements from customers. Logistics serves customers throughout 

the value chain; consequently changes in the warehouse structure, distribution of products 

among warehouses, and transportation network can significantly impact customer service 

within the value chain (Kopczak, 1997). DLF is the ability to provide widespread or 

intensive distribution coverage (Vickery et al., 1999). In an environment where instant 

appreciation is becoming the norm, the ability to make a product widely available and 

easily accessible is critical. This flexibility captures a company’s proficiency in getting 

the product “close to the customer”. The cost of holding large stocks to enable rapid 

response hurts profits, yet companies that miss deliveries have quickly tarnished 

reputations.

Perhaps the most classical example of lack of DLF occurred during the Christmas season 

of 1999. Toys “R” Us could not commit to fulfilling customer purchases made before 

delivery date, even if the customer had placed an order before the retailer’s deadline. The
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company grossly underestimated the number of online orders it would receive. Those 

customers whose purchases weren’t delivered on time were offered the option of 

canceling their orders or receiving compensation. However, the order delays resulted in 

unhappy customers, a class-action lawsuit, and a settlement (Kalakota. R, and Robinson, 

M, 2000). We have defined DLF in the context of the supply chain as ''the ability o f the 

integrated logistic system to distribute and deliver the product from the raw material 

source to the final customer.’

Table 2.12

Items Used to Measure Delivery Flexibility

Item
No

Items Flexibility
Element

Section 
and Q #

1 Managing the varying number of delivery modes 
available per product

Range A2-Q23

2 Delivering urgent requests with different and faster 
modes of transportation

Range A2-Q24

3 Handling one or more delivery orders of a customer from 
more than one warehouse, distribution channel, or 
factory

Range A2-Q25

4 Managing small delivery order quantities so the customer 
can be satisfied

Range A2-Q26

5 The time and the cost implications of changing the 
delivery due dates

Mobility A2-Q27

6 The cost of mixing different products into a delivery load Mobility A2-Q28
7 Managing the cost of delay in meeting customer orders Mobility A2-Q29
8 Managing the time and the cost implications of changing 

the quantity and types of products to be delivered
Mobility A2-Q30

Eight elements are used to measure DLF. The range attributes for DLF are captured by 

the number of delivery modes available per product and delivering urgent requests with 

different and faster modes of transportation. Handling the number of distribution
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channels and managing small orders are other measures of delivery range. Mobility is 

assessed by the time and cost of changing the quantity, types, and delivery due dates. The 

time and cost needed for varying the quantity, delivery dates, and types of orders are 

another measure of DLF mobility. As can be seen in Table 2.12, we propose eight items 

related to the measurement of DLF.

2.2.4.5 Information Systems Flexibility (ISF)

Information systems (IS) generally provides the tools for organizations to effectively 

gather, store, access, share, and analyze data so as to facilitate operations for help in 

making better decisions (Swafford, 2003). Thus, an organization’s IS capability can 

provide a powerful enabling role in the integration and coordination of information and 

activities within a functional area, across functional areas, and across organizational 

boundaries of the organization’s extended value chain. Several researchers have 

considered the use of IS in an organization and its impact on performance (Bown et al., 

1995; Bharadwaj, 1999; Mcfee, 2002; Coronado et al., 2002). Katayama and Bennett 

(1999) specifically identify three activities within a manufacturing business unit that 

related to flexibility — the use of CAD/CAE, integrating information systems within 

manufacturing, and integrating information systems across functional areas.

Possessing a strong IS capability enhances an organization’s ability to identify critical 

information and share it effectively to better adapt to changing market conditions. 

Response to rapid change in the environment and in technology requires flexibility in 

strategic processes supported by flexible infrastructures (Evans, 1991). In order to 

achieve the required degree of operational and, hence, strategic flexibility demanded by
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the new business environment, manufacturing enterprises have to reconsider how they 

use information technology (IT) (hardware and software). Ody and Newman (1991) 

suggest that IT can be seen as a way of reducing lead times for selling, reordering, and 

increasing an organization’s flexibility. Duclos et al. (2003) have also suggested that 

flexible information systems are one of the elements of supply chain flexibility: “supply 

chain partners must be willing to adapt their information systems to meet the needs of all 

partners and upgrade the business processes as the market evolves”.

With advanced IT applications such as SCM, ERP, CRM, and EDI, it is possible for an 

organization to achieve high levels of flexibility through the acceleration of the ordering 

process because of the speed and accuracy of data flow. Lambert and Stock (1993) state 

“IT must share responsibility for much of the rigidity and inflexibility of organizations” 

and explain that certain “rigid” information systems have inhibited the ability of 

organizations to exploit business opportunities by preventing a change in business 

strategy. Duclos et al. (2003) define information systems flexibility (ISF) as the ability to 

align information system architectures and systems with the changing information needs 

of the organization as it responds to changing customer demand. For this research, ISF is 

defined as ‘‘the ability o f the supply chain information systems (functions whether internal 

or external) to share the strategic information and support changing requirements o f the 

business with respect to the changing customer’s request. ’

Eight elements are used to measure ISF. The range attribute can be assessed by the 

degree of commonality of information systems for supporting all types of flexibility. For
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example, higher levels of commonality among IS inventory at different locations expedite 

the transfer of product information when products are relocated due to changes in global 

markets. The speed of flow of information and the ease with which changes can be made 

to the IS hardware and software is another measure of the ISF range. The strategic 

response time and cost can be used to assess the mobility attribute. Managing time and 

cost of exchanging the required information to support the changing requirements 

presents the mobility attributes. Furthermore, managing time and cost for installing and 

maintaining and updating IS is another attribute for measuring ISF mobility. Our 

construct presented in Table 2.13 consists of eight items that need to be assessed when 

evaluating ISF.

Table 2.13

Items Used to Measure Information Systems Flexibility

Item
No

Items Flexibility
Element

Section 
and Q #

1 The degree of commonality of information systems for 
supporting changing requirements

Range A2-Q31

2 Speeding the flow of information throughout the supply 
chain network

Range A2-Q32

3 The ease with which changes can be made to the IS hardware 
and software

Range A2-Q33

4 Meeting varying information needs from existing 
information systems

Range A2-Q34

5 The efficiency of the existing IS applications to integrate 
with other systems applications

Range A2-Q35

6 Managing time and cost for exchanging the required 
information

Mobility A2-Q36

7 Managing time and cost for installing and maintaining 
information systems applications

Mobility A2-Q37

8 The cost of updating the information systems to support 
changing requirements

Mobility A2-Q38
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CHAPTER III 

RESEARCH MODEL and HYPOTHESIS

3.1 Basic Model

Figure 3.1a displays the conceptual basic relationship model between manufacturing 

strategy, manufacturing flexibility, and an organization’s performance. Our adaptation of 

(Gerwin’s, 1993; Suarez, el al., 1996; Vokurka O’Leary Kelly’s; 2000; Beach et al., 

2000; and Kumar et al., 2006) conceptual models, shown in Figure 3.1a makes explicit 

the expected links among three variables: manufacturing strategy, manufacturing 

flexibility, and organizational performance. For the purpose of simplicity, the diagram 

shown in Figure 3.1a does not show all direct and indirect paths expressed by the models.

Figure 3.1 

The Conceptual Basic Model

un jUjH 1 M innidUnnng 1 I Oiguu/diional 1
1 Str « C £ \  B

Supply Chain Supply Chain Supply Chain Performance
Strategy
...f" 1

Flexibility Financial/non Financial 
--------------- *------------------------

Gerwin, (1993), Suarez, el al. (1996), Gupta and Somers (1996), Vokurka and O’Leary 
Kelly’s (2000), Beach et al. (2000), and Kumar et al. (2006).

In this basic model, manufacturing strategy is associated with various types of 

manufacturing flexibility and posited as a primary influence on an organization’s 

performance. The basic model shown in Figure 3.1a hypothesizes that manufacturing
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strategy will trigger the development and the implementation of manufacturing flexibility 

dimensions. The introduction of manufacturing flexibility enhances the organization’s 

performance.

As shown in the conceptual basic model, Figure 3.1b, we have used supply chain strategy 

instead of manufacturing strategy. The rational behind this is based on the fact that 

flexibility is not only an element of manufacturing strategy but also related to marketing 

R&D and supply chain strategies as well (Narian et al., 2000; Kumar et al.). Moreover, 

several researchers have argued that an organization should develop a manufacturing 

strategy that is consistent with and linked to its supply chain strategy to enhance business 

strategy (e.g., Harrison and New, 2002; Kim, 2006).

Empirical studies have pointed up the significance of supply chain strategy for business 

strategy and for competitiveness, or competitive advantage, but the reality is that supply 

chain strategies are mostly inadequately articulated and defined (Harrison and New,

2002). Further, although it is generally stressed that supply chain decisions should be 

strategic and must be aligned with a firm’s business strategy and capability, previous 

literature has not consistently shown the shape of the interactive relationship between 

corporate strategy and supply chain strategy, or specifically between corporate 

competitive capability and supply chain operational capability (Kim, 2006). Narasimhan 

and Carter (1998) noted that supply chain strategies and operational capabilities should 

be used to support business strategies and help achieve the competitive capabilities of the 

firm. Morash (2001) discussed that supply chain capabilities are the building blocks for
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supply chain strategy and a source of competitive capability for firm success. Dangayach 

and Deshmukh (2001) also asserted that those companies that can manage their 

capabilities and resources related to supply chain more efficiently are likely to gain 

competitive capabilities and superior performance leading to increased competitiveness.

There is strong evidence that companies in the supply chain are pursuing a number of 

different strategies to become more competitive (Katz et al., 2003). This is occurring for 

several reasons. First, there is a significant increase in national and international 

competition. Second, the shift in emphasis toward the supply chain reflects the need for 

firms to focus on their core competencies to deliver benefits to their customers and 

shareholders (Krause et al., 1998). Another reason for having a supply chain strategy is to 

establish how you work with your supply chain partners, including suppliers, distributors, 

customers, and even your customers’ customers. As the marketplace becomes more 

competitive, it is critical to reinforce existing relationships and work together. Finally, 

few firms continue to be vertically integrated, choosing instead to be linked to other firms 

that better understand their needs (Lummus and Vokurka, 1998). And for all these 

reasons, a well executed supply chain strategy results in value creation for the 

organization.

The components of manufacturing flexibility play an important role in supply chain 

flexibility. In the basic model shown in Figure 3.1b we used supply chain flexibility 

instead of manufacturing flexibility. Most of the previous literature on flexibility has 

focused on internal manufacturing flexibility. As supply chain flexibility would also
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include the internal ability of a firm to be flexible, manufacturing flexibility research can 

be used to help determine the components of supply chain flexibility. This research study 

extends these concepts of manufacturing flexibility and flexible organizations to the 

supply chain. The supply chain extends beyond the enterprise, which means that supply 

chain flexibility must also extend beyond one firm's internal flexibility (Duclos et al.,

2003). With the advent of the SCM concepts, business communities have been realizing 

that being competitive as a single company is no longer adequate; instead, 

competitiveness requires consideration of all channels in the supply chain. Likewise, 

being flexible in the context of a manufacturing system is no longer adequate in the 

current competition. Flexibility should, therefore, be pursued by a supply chain, or at 

least by every function related to supply chain activities.

Finally, in the conceptual basic model shown in Figure 3.1b we have used supply chain 

performance instead of organizational performance. However, the debate on issues of 

terminology, levels of analysis, and conceptual basis for assessment of performance 

continues to rage in the academic community (Gupta and Somers, 1996). Some 

researchers have expressed frustration with the lack of agreement on basic terminology 

and definitions (Kanter and Brinkerhoff, 1981). In this research study we used supply 

chain performance terminology to refer to the overall supply chain performance, not an 

individual organization within the supply chain. In the context of the supply chain 

environment it is more appropriate to examine supply chain performance than 

organizational performance. A key point in SCM is that the entire process must be 

viewed as one system. The performance of each member of the supply chain (suppliers,
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manufacturing plants, warehouses, customers, etc.) affects the overall performance of the 

supply chain. The notion of SCM, however, entails measuring the performance of the 

entire supply chain rather than just the performance of the individual supply chain 

partners.

3.2 Research Model

Figure 3.2 represents the theoretical relationship among supply chain strategy, supply 

chain flexibility, and supply chain performance. We found no empirical study in supply 

chain literature that specifically investigates the relationships between supply chain 

strategy and supply chain flexibility. This research model suggests that not all supply 

chain flexibility types are useful in every supply chain environment. In addition, the 

research model proposes that matching the two — supply chain strategy and supply chain 

flexibility — would improve overall supply chain performance, such as SGP, NPP, CSP, 

and LTP. Bear in mind that Figure 3.2 is simplified to show only a few direct strategy 

performance connections in accordance with our suggested hypotheses. To accomplish 

this task, the following issues will be explored.

First, this research examines the supply chain strategy model proposed in the SCM 

literature. As there may be very little work done in this area, the four types of supply 

chain strategy introduced in the Katz et al. (2003) model are used to examine the research 

model. This model proposed that four types of supply chain strategies exist in the supply 

chain community (Innovating strategy, Appending strategy, Modularizing strategy, and 

Following strategy).
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Figure 3.2

Theoretical Relationships between Strategy, Flexibility, and Performance
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Innovative strategy (INS) provides goods or services, which are not available elsewhere 

(Katz et al., 2003). That is, by creating new knowledge or competencies unavailable 

elsewhere, new technology enables the entire supply community to do something unique 

resulting in all members having a new competitive advantage. The INS firm is the earliest 

to enter the new market or to adopt the new technology in order to achieve competitive 

advantage. According to Lieberman and Montgomery (1988) the INS usually has the 

advantage of prototypically reputation, high consumer brand switching cost, high market 

share, high profit margin, etc. On the other hand, the INS also has to pay the higher risk, 

and innovation costs that are not carried by other strategies. Firms with modularizing
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strategy aim at providing greater value through lower price, higher quality, or both, to the 

end customer. Modularizing seeks to increase the supply community’s scope using 

present competencies. On the other hand, appending involves adding new goods or 

services to the supply chain that does not leverage existing competencies. Finally, firms 

pursuing the following strategy are found to limit their need for flexibility by narrowing 

product range and reducing frequency of product modification (Gupta and Somers, 1992; 

Slack, 1987). Follower is a firm that has late entry to the market or has late adoption of 

new technology. It usually focuses on tight cost control in order to achieve low cost 

production (Chang et al., 2002). Followers tend to mimic the behavior of other suppliers.

Second, the research model examines how these four supply chain strategies impact 

supply chain flexibility types implemented by supply chain organizations. There are 

many different types of flexibility exits in the literature, this research selects only five 

supply chain flexibility dimensions presented in Table 2.8. The analysis of supply chain 

flexibility involves the consideration of the flexibility of the supply chain components 

and their relationships, in order to evaluate their impact on the whole system. Supply 

chain flexibility takes into account two main aspects: First, these are the flexibility types 

that are more frequently used in the supply chain literature. Second, these types of supply 

chain flexibility directly impact customer’s perception (i.e., these are the types that add 

value in customer’s eyes). Finally, these types of flexibility are more relevant to the 

supply chain environment. The flexibility types examined in this research model include 

NPF, SOF, PRF, DLF, and ISF.

74

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Third, this model examines the direct effects of supply chain strategy on supply chain 

performance. The relationship between strategy and performance is well established in 

the literature and has been researched in various perspectives such as resource based, 

organizational learning theories, and supply chain perspectives (Chin et al., 2005). In a 

study on strategic management, Miller (1987) found a positive association between 

strategy and performance. Fourth, beside direct effects, the supply chain strategy also 

indirectly affects supply chain performance through its effect on supply chain flexibility 

dimension. Theory claims that if the strategy is inappropriate and direct effects on 

performance are negative, then indirect affects through flexibility could enhance 

strategy’s direct effects (Gerwin, 1993; Gupta and Somers, 1996). Finally, the alignment 

between supply chain strategy and supply chain flexibility will be tested in this model. 

Theoretically, if a proper alignment exists between supply chain strategy and supply 

chain flexibility types (i.e., they match or fit) then it is expected that there will be an 

improvement in supply chain performance. A number of researchers have emphasized 

that performance will improve as a result of alignment between strategy and the 

implemented flexibility. This research investigates the current practice of developing 

supply chain flexibility in alignment with supply chain strategy and empirically verifies 

the positive impact of this matching on performance.

3.3 Research Questions

In this research study two questions will be considered. The first research question deals 

with verifying the argument in the literature that indicates that there are four different 

types of supply chain strategy in the supply chain environment. The second research
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question considered in this study deals with the relationship among supply chain strategy, 

supply chain flexibility, and supply chain performance. These general research 

conceptions will be addressed through the following two investigative questions.

Research Question 1

>  Are there four distinct categories of supply chain strategies in supply chain 
organizations classified as: Modularizing, Appending, Innovating, and Following?

Research Question 2

> Do different types of supply chain strategy in supply chain organizations result in a 
greater emphasis on one or more supply chain flexibilities? If so, how should supply 
chain managers develop and implement supply chain flexibility based on their supply 
chain strategies to enhance their performance?”

3.4 Research Hypotheses

3.4.1 Supply Chain Strategies

As discussed earlier in Section 3.2.3, the framework from Katz et al. (2003) classifies all 

supply chain communities into one of the four supply chain strategy categories: 

Modularizing, moving from providing only parts to entire sub-assemblies; Appending, 

bundling services that are presently available elsewhere with existing goods and services; 

Innovating, providing a good or service previously unavailable elsewhere; and Following, 

imitating the behavior of other suppliers. The first group of hypotheses in this research 

study deals with verifying the argument in the literature that indicates the existence of 

four types of supply chain strategy in the supply chain environment. Based on the Katz et 

al. (2003) framework, the research study hypothesizes that supply chain organizations 

have four distinct groups of strategies. In order to verify the supply chain strategy 

framework used in this research the following hypothesis can be developed.
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Hla: Among all the supply chain manufactures surveyed, their supply chain strategies 

can be classified into four categories: Modularizing, Appending, Innovating, and 

Following.

3.4.2 Supply Chain Strategy and Supply Chain Flexibility Relationship

The second group of hypotheses in this research study deals with the relationship of 

supply chain strategies and the adoption of supply chain flexibility. The link between 

strategy and flexibility is well established in the literature. There are empirical studies as 

well as theoretical studies supporting the link between strategies and flexibility. One of 

the earliest empirical studies to examine the relationship between strategy and 

manufacturing flexibility was by Ettlie and Penner-Hahn (1994). In their study they 

looked at the degree of focus regarding a plant’s manufacturing strategy, the degree to 

which they tended to concentrate on a limited number of manufacturing capabilities, and 

its association to both product and production flexibility. In a large-scale study, Gupta 

and Somers (1996) examined the impact of a firm’s strategy as measured by 

Venkatraman’s (1989) strategy typology on nine separate dimensions of manufacturing 

flexibility. The literature has also suggested the theoretical relationship between 

flexibility and strategy (Gerwin, 1993; Kumar et al., 2006; Vokurka and O’Leary 

Kelly’s; 2000; Beach et al., 2000). These studies provide initial support for the existence 

of a contingency-based relationship between supply chain flexibility and the supply chain 

strategy adopted by a firm. We are particularly interested in exploring the relationships 

between the five supply chain flexibility types discussed in Section 2.2.4 and listed in 

Table 2.8 and the four supply chain strategies discussed in Section 2.2.2 and listed in
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Table 2.2. In general, this researcher studies the hypothesis that supply chain strategy has 

direct effects on the adoption of supply chain flexibility. According to the supply chain 

flexibility model presented in Figure 3.2 the research study proposes the following 

hypotheses.

H2a: Innovating strategy, appending strategy, modularizing strategy, and following 
strategy have direct effect on the adoption o f new product flexibility.

H2b: Innovating strategy, appending strategy, modularizing strategy, and following 
strategy have direct effect on the adoption o f sourcing flexibility.

H2c: Innovating strategy, appending strategy, modularizing strategy, and following 
strategy have direct effect on the adoption ofproduct flexibility.

H2d: Innovating strategy, appending strategy, modularizing strategy, and following 
strategy have direct effect on the adoption o f information systems flexibility.

H2e: Innovating strategy, appending strategy, modularizing strategy, and following 
strategy have direct effect on the adoption o f delivery flexibility.

3.4.3 Supply Chain Flexibility and Supply Chain Performance Relationship

The third group of hypotheses deals with the interaction between the supply chain 

flexibility choices of Canadian manufacturers and their supply chain performance. As 

previously noted, flexibility has been widely cited as a means of improving firm 

performance, especially for firms competing in very dynamic markets. There are a 

considerable amount of empirical studies as well as theoretical studies supporting the link 

between performance and flexibility. Studies by Swamidass and Newell (1987), Gupta 

and Somers (1996), Fiegenbaum and Kamani (1991), Parthasarthy and Sethi (1993), 

Ward et al. (1995), Vickery et al. (1997) and Vickery et al. (1999) empirically examined 

the direct effect of manufacturing flexibility on performance. The literature has also
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suggested the theoretical relationship between flexibility and performance (Gerwin, 1993; 

Kumar et al., 2006; Vokurka and O’Leary Kelly’s; 2000; Beach et al., 2000). These 

studies provide initial support for the existence of the relationship between supply chain 

flexibility and the supply chain performance. In general, the research study hypothesizes 

that supply chain flexibility dimensions have direct effects on supply chain performance. 

According to the supply chain flexibility model presented in Figure 3.2, the research 

study proposes the following hypotheses.

H3a: Supply chain flexibility dimensions (New product, sourcing, product, information 
systems, and delivery flexibility) have direct effect on supply chain performance (net 
profit).

H3b: Supply chain flexibility dimensions (New product, sourcing, product, information 
systems, and delivery flexibility) have direct effect on supply chain performance (sales 
growth).

H3c: Supply chain flexibility dimensions (New product, sourcing, product, information 
systems, and delivery flexibility) have direct effect on supply chain performance (lead- 
time).

H3d: Supply chain flexibility dimensions (New product, sourcing, product, information 
systems, and delivery flexibility) have direct effect on supply chain performance 
(customer satisfaction).

3.4.4 Direct Effect of Supply Chain Strategy on Supply Chain Performance

The fourth group of hypotheses in this research study deals with the direct effect of 

supply chain strategy on supply chain performance. Ample research has been conducted 

on the relationship between strategy and organizational performance with the premise 

that the strategic orientation of a firm could be a crucial aspect in determining bottom line 

results. In a study on strategic management, Miller and Roth (1987) found a positive 

association between strategy and organization performance under various conditions.
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Venkaraman (1989), Zahra and Das (1993), and Hitt et al., (1997) also found various 

dimensions of strategy to be positively related to organizational performance. In a large- 

scale study, Gupta and Somers (1996) found a positive relationship between strategy and 

organizational performance. Another body of research suggested a theoretical association 

between strategy and performance; examples are Gerwin (1993), Vokurka and O’Leary 

Kelly’s; (2000), and Beach et al. (2000). These studies provide initial support for the 

existence of the relationship between supply chain strategy and the supply chain 

performance. According to the supply chain flexibility model presented in Figure 3.2, the 

research study proposes the following hypotheses.

H4a: Supply chain strategy directly affects supply chain’s financial performance (net 
profit).

H4b: Supply chain strategy directly affects supply chain’s financial performance (sales 
growth).

H4c: Supply chain strategy directly affects supply chain’s non-financial performance 
(lead-time).

H4d: Supply chain strategy directly affects an organization’s non-financial performance 
(customer satisfaction).

3.4.5 Total Effect of Supply Chain Strategy on Supply Chain Performance

The fifth group of hypotheses in this study deals with the total effect of supply chain 

strategy on supply chain performance. Besides direct effects, supply chain strategy also 

indirectly affects financial performance and non-financial performance through supply 

chain flexibility dimensions. This group of hypotheses proposes that supply chain 

strategy’s positive effect on supply chain performance can be enhanced by linking it with 

the appropriate supply chain flexibility. It was predicted that any relations between
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supply chain strategy and supply chain performance would be mediated by a type of 

supply chain flexibility. We expected there to be an indirect path from supply chain 

strategy to NPP, SGP, LTP, and CSP that is comprised of two significant direct paths. 

The indirect affects of strategy on performance has been put forward by several 

researchers, for example Gerwin (1993), Gupta and Somers (1996), Suarez et al. (1991) 

and Vokurka and O’Leary Kelly’s; (2000). The research study proposes the following 

hypotheses for the indirect effects of supply chain strategy on supply chain performance 

through its effect on supply chain flexibility dimensions.

H5a: Besides direct effects, supply chain strategy also indirectly affects supply chain’s 
financial performance (net profit) through its effect on supply chain flexibility dimension.

H5b: Besides direct effects, supply chain strategy also indirectly affects supply chain’s 
financial performance (sales growth) through its effect on supply chain flexibility 
dimension.

H5c: Besides direct effects, supply chain strategy also indirectly affects supply chain’s 
non-financial performance (lead-time) through its effect on supply chain flexibility 
dimension.

H5d: Besides direct effects, supply chain strategy also indirectly affects supply chain’s 
non-financial performance (customer satisfaction) through its effect on supply chain 
flexibility dimension.

3.4.6 Alignment between Supply Chain Strategy and Supply Chain Flexibility

In addition to testing the hypothesis this research extends the analysis to examine the 

issue of alignment between supply chain strategy and supply chain flexibility. Previous 

research has studied the importance of aligning flexibility and strategy. Integrating 

strategy into the process of developing flexibility is believed to be critical to a firm’s 

performance (Hayes and Wheelwright, 1984; Vickery et al, 1993; Chang et al., 2002; 

Narrian et al., 2002). Eventually a match between strategy and flexibility is necessary to
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enhance performance. Many studies have confirmed the role of manufacturing flexibility 

in supporting business strategy to improve business performance. However, there is a 

lack of empirical studies in the context of supply chain flexibility that addresses the 

alignment issue between supply chain strategy and supply chain flexibility.

In addition to the alignment between supply chain strategies and supply chain flexibility 

types, studies that address the interrelationships among the different flexibility types are 

needed. To date, very little is known about the potential trade-offs that may exist among 

these flexibility types (Vokurka and O’Leary-Kelly, 2000). Although several studies have 

suggested a hierarchical structure among the flexibility types (Browne et al., 1984; Sethi 

and Sethi, 1990; Suarez et al., 1996), no studies have examined this issue. Given the 

overwhelming number of questions surrounding these issues, in combination with the 

limited number of studies addressing them to date, there is an enormous challenge to 

researchers in this area (Vokurka and O’Leary-Kelly, 2000). Managers in industry would 

benefit greatly from knowledge of these interrelationships and trade-offs, as they use and 

build their flexibility capability to improve their competitive advantage. Focusing on 

investigating the potential trade-offs would provide valuable insight for developing better 

decisions regarding priorities in investing in and developing necessary supply chain 

flexibility. It is important that firms recognize the importance of trade-off and alignment, 

so that companies can allocate resources to develop the appropriate type of supply chain 

flexibility to deal with a particular external uncertainty. In this section we examine the 

trade-off among flexibility types and alignment and issue between supply chain strategy 

and supply chain flexibility dimensions.

82

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER IV 

RESEARCH METHOD
4.1 Survey

In this research, a survey was used to collect data across multiple settings (industries) 

pertaining to the research hypotheses. The population for the research includes SMEs 

supply chain firms in Canadian industry. In this complex business environment, SMEs 

must develop themselves strategically in order to remain competitive, grow, and prosper 

(Mugler, 2002). Moreover, they must not only develop new product/market strategies, 

but also network strategies based on value chain integration and cooperation with key 

business partners (Fariselli et al., 1999). Now facing global competition, many 

manufacturing SMEs in particular feel growing pressure from major customers and prime 

contractors to implement new types of manufacturing practices, such as just-in-time 

production and flexibility, in order to become world-class enterprises (Hendry, 1998). In 

general, the choice of small and medium supply chain Canadian firms seems appropriate, 

since these firms may be expected to fit into the proposed supply chain strategy 

framework. As well, it may be assumed that all these firms develop and practice some 

sort of supply chain flexibility program. Furthermore, these involved industries have a 

similar market structure, and they are subject to similar environmental uncertainty.

The sampling frame for this study comprises CEO, owner, president and/or vice 

president, general manager, staff, and supply chain managers of the company from 

Canadian manufacturing organizations operating in industries where the supply chain is 

likely to be practiced. The industries selected for this study are presented by North
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American Industry Classification System (NAICS) codes 314 (Textile Product Mills), 

333 (Machinery Manufacturing), 334 (Computer and Electronic Product Manufacturing), 

335 (Electrical Equipment, Appliance, and Component Manufacturing), 336 

(Transportation Equipment Manufacturing), and 337 (Furniture and Related Product 

Manufacturing).

4.2 Operational Measures of the Variables

In this section we will describe items used in measuring the variables used in this study. 

Overall, the questionnaire was divided into four main sections: basic data, supply chain 

strategy, supply chain flexibility, and supply chain performance respectively. The items 

used in measuring the variables for this study are shown in the final questionnaire 

presented in Appendix 3.

Basic Data: This section collects information on the profiles of the firms, such as firm 

name, address, respondents position within the company, type of manufacturing industry, 

number of employees in the organization, type of products produced, approximate 

turnover, and the number of years the firm has implemented supply chain program.

Supply chain strategy: A 22-item scale in this survey was designed with references to the 

Supply chain strategy model by Katz et al. (2003) and Chang et al. (2003), to measure 

four supply chain strategies: (1) innovating, (2) modularizing, (3) appending, and (4) 

following. The “Supply chain strategy” asks subjective evaluations pertaining to the 

relative emphasis on various action programs, such as outsourcing-related inputs, offering
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high margin of services along with the core products or services already being offered, 

and timely introduction of new product and new technology. For instance, respondents 

were asked to indicate the importance of product innovation to the accomplishment of 

their supply chain strategy, using a seven-point scale with end points “Least Important” 

(1) and “Extremely Important” (7). Also, in this section, two questions considering the 

time compared with the company’s major competitors were provided. Respondents were 

asked to indicate how early they adopt new manufacturing technology, with each item 

using a seven-point scale with end points “Late” (1) and “Early” (7). The data collected 

in this section were later used to identify the supply chain strategy type. An overall 

summary measure for each of the four supply chain strategies was calculated as the 

average of the items in their respective strategic dimensions. The four supply chain 

strategies are represented as endogenous variables in the path model.

Supply Chain Flexibility. In manufacturing flexibility literature, authors developed an 

instrument for measuring and analyzing flexibility. Forty-three items affecting supply 

chain flexibility were identified from the manufacturing flexibility literature and the 

limited literature on supply chain flexibility (Kumar et al., 2006; Chang et al., 2003; 

Vokurka and O’Leary Kelly’s; 2000; Beach et al., 2000; Gerwin, 1993; Gupta and 

Somers, 1996). This section collects data pertaining to a firm’s relative competitive edge 

on the five dimensions of the customer-focused supply chain flexibility discussed earlier. 

To assess the overall supply chain flexibility in this study, respondents were asked to rate 

various supply chain flexibilities by the extent of their agreement or disagreement with 

their emphasis on various flexibility programs (Gupta and Somers, 1996). The criteria
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question employed a seven-point scale with end points “Poor” (1) and “Excellent” (7). 

The internal reliability coefficients, Cronbach’s (a) for each supply chain flexibility 

dimension, are presented in Table 6.7.

Supply Chain Performance: In this study four dimensions are used to measure a firm’s 

supply chain performance. Respondents were asked to rate overall supply chain 

performance using the following measures: SGP, NPP, CSP, and order LTP. CSP was 

measured by multiple items and the remaining three dimensions were measured by a 

single item, adopted from Gunasekaran et al. (2004), Vickery et al. (1999), Chang et al. 

(2003), Gupta and Somers (1996), Vickery et al. (1997) and Beamon (1999). First, SGP 

was measured by sales growth rate. Second, NPP was measured in terms of net profit 

rate. Third, CSP was considered in terms of the level of customer perceived value of 

product, the level of service systems to meet customer needs, and response time to 

customer query. Fourth, LTP was measured by a single indicator order lead-time. To 

provide the supply chain managers a broader view, each measure of the firm’s 

performance discussed above was evaluated in relation to the firm’s major competitors 

during a three-year period. The criteria compared with the relative major competitors for 

the last three years the response options, anchored on a seven point scale with “1” being 

“Very Weak” and “7” being “Very Strong”. The internal reliability coefficients, 

Cronbach’s (a) for each supply chain performance dimension, are presented in Table 6.7.
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4.3 Field Study and Questionnaire Adjustment

A field study of the survey instrument was conducted during May to July 2005, for 50 

small and medium manufacturers in Ottawa, Montreal, and Kingston. This field study of 

the survey instrument involved mailing the questionnaire, phone interviews, and 

personnel interviews. Due to the time constraint of these managers, most interviews were 

arranged as a telephone interview; in total the researcher was able to conduct four phone 

interviews and one personnel interview with 15 returned mails. However, of the 15 

returned questionnaires, eight were unusable. The reasons for not using these eight 

questionnaires in the field study varied. In five of these questionnaires the respondent’s 

organization did not have supply chain practice in place with their suppliers and 

customers. The remaining three questionnaires were returned blank with no comments. 

The final sample used in the field study consisted of 12 firms, representing a response 

rate of about 24 percent.

The purpose of this field study was to identify any possible problems associated with the 

design of the initial questionnaire not found in the pretest. In addition, it is desired to save 

time and cost before conducting a full-scale study. Although the number of organizations 

surveyed for the field study was small, the feedback comments from these managers were 

very helpful and useful to the research instrument adjustment. Due to the financial and 

time constraints of the researcher, only companies within the Ottawa region were 

considered for a field study.
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Each company was contacted first to arrange an interview, if possible with the concerned 

manager. Then each individual manager was mailed a survey package containing a cover 

letter page, questionnaire, and self-addressed stamped return envelope. To ensure a 

positive response rate, the letter within the survey package was addressed to a specific 

individual in the organization (e.g., “Dear John Williams”), instead of Dear Sir/Madam 

Supply Chain Manager. To encourage participants, a copy of the summary of the results 

was offered.

The purpose of the cover letter was to introduce the objective of the research study as 

well as to request the manager’s participation in the research study. The cover letter 

begun by introducing the researcher and the overall objective of the thesis research. This 

was followed by an outline of the general questions that the thesis examined and 

instructions for completing the questionnaire. Next, the letter highlighted the important 

issues of confidentiality of the returned questionnaires and anonymity of respondents. 

Finally, the letter concluded with a small statement to the participants not to hesitate to 

contact the researcher or the thesis supervisor if they had any concerns. This letter was 

written on the School of Business letterhead to indicate professionalism and provide the 

respondent organization with a sense of legality regarding the research study. A copy of 

the cover letter is presented in Appendix 4.

The initial questionnaire of this research comprises a cover letter page and four main 

sections: basic data, supply chain strategy, supply chain flexibility, and supply chain 

performance respectively. The first section of the questionnaire pertained to general
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information of the supply chain manufacturers. The second section of the questionnaire 

focused on the four types of supply chain strategy in the respondent organization. The 

data collected in the section were later used to identify the supply chain strategy type. 

The third section related to the measurement of the five supply chain flexibility 

dimensions used in this research study. This section captured the types and levels of 

supply chain flexibility implemented by each organization. The last section in this 

questionnaire captured the information related to the overall performance of each 

manufacturer.

4.4 Outline of the Questionnaire Adjustment

As mentioned earlier the main purpose of the field study was to identify any design 

discrepancy in the questionnaire. The field study was not only used for identifying the 

common problems with the design of the questionnaire not found in the pretest but also to 

incorporate the respondent’s comments to enhance the quality of the questionnaire to 

serve the purpose of this study.

Analyzing the interesting comments from different managers during the interviews as 

well as from the returned questionnaire, indicated that minor changes to the questionnaire 

were required. The changes implemented improved the quality of the questionnaire are 

highlighted below. First, reducing the number of variables measuring supply chain 

strategy; instead of 22 variables the strategy section was reduced to 18 variables. Also 

reducing the number of indicators measuring supply chain flexibility; instead of 43 

indicators the flexibility section was reduced to 38 indicators. Most mangers commented
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that in order to motivate respondents to participate in answering the questionnaire, it was 

important to keep the questionnaire concise and effective.

Second, most of the managers contacted indicated that the field study questionnaire did 

not include the definition of each type of supply chain flexibility. To ensure a high 

quality response by one of the CEOs mentioned that it was important to educate the 

respondents and show the difference between each type of flexibility. Therefore, 

definitions of the five supply chain flexibilities were added into the final version of the 

questionnaire.

Third, by examining the field study data it become apparent that respondents were not 

willing to provide the actual performance data. Managers interviewed were not ready to 

reveal such sensitive information. Most if not all managers considered this kind of 

information confidential, especially if it was to be compared to their rivals. A few 

suggested that the style of the questionnaire be modified. Instead of asking the 

respondents to provide the actual performance data we changed the questions by asking 

the respondents to indicate the level of their performance compared with their 

competitors using a 7-point scale. Taking into consideration all the changes discussed 

above, Appendix 3 presents the final version of the questionnaire used for this research 

study.
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CHAPTER V 

RESEARCH DATA CHARACTERISTICS

In this chapter, basic characteristics of research data including data collection, the 

response rate, and the characteristics of respondents are presented. This chapter begins 

with the data collection procedure from the electronic Scott’s National Directories 

Database. The industries selected for this study are represented by the North American 

Industry Classification System (NAICS). Then the chapter analyses the response rate by 

sector. Finally the chapter ends with a more detailed analysis of the characteristics of the 

respondent organizations, such as job title of respondents, the size of organizations, 

duration of supply chain implementation, types of organizations, annual turnover, 

respondents’ rate, and non-response bias.

5.1 Data Collection

Once all the changes required for the initial questionnaire were executed, the final version 

of the questionnaire was revised and established. A total of 1500 questionnaires, 

accompanied by explanatory letters and self-addressed stamped return envelopes, were 

mailed nationwide to six industrial sectors of small and medium Canadian manufacturers 

with nine or more employees. The industries selected for this study are presented by the 

NAICS codes 314 (Textile Product Mills), 333 (Machinery Manufacturing), 334 

(Computer and Electronic Product Manufacturing), 335 (Electrical Equipment, 

Appliance, and Component Manufacturing), 336 (Transportation Equipment 

Manufacturing), and 337 (Furniture and Related Product Manufacturing); they are briefly 

defined in Appendix 5.
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These mailings were followed by several phone calls to obtain definitive responses and to 

request an appointment for a telephone interview with the CEOs. The list for potential 

responding companies was obtained from Scott’s Canadian business directory database. 

Electronic Scott’s Directories contain more than 143,000 companies and 210,000 

executive contacts. Scott's is the best source for mailing lists and information on 

Canadian manufacturers, distributors, and business service providers. One can select 

names by SIC codes, email addresses, Canada postal codes, city, province, etc. The 

directory includes the following manufacturing industries: automotive, computers, 

electronics, furniture, medical, metal and mining, textile, pharmaceutical, and others. The 

directory is updated annually; the 2005 release was used for this study. The directory lists 

thousands of firms nationwide giving their Company Name, Company Address, Number 

of Employees, Estimated Sales, Executive Titles, Brand Name, Business Type, and other 

relevant information for many public and private Canadian manufacturers. We chose 

these types of firms (industrial sector) because they have the knowledge of adoption of 

advanced manufacturing processes, and they consider SCM practice with their suppliers 

and customers.

A couple of weeks after the initial mailing, a reminder letter with a fresh copy of the 

questionnaire was mailed to the non-respondents (a copy of the letter is attached). A 

single respondent per organization — typically holding the position of chief executive 

officer (CEO), President, Vice President, and the Owner of manufacturing firms — 

completed the survey instrument.
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5.2 Questionnaire Response Rate

The manufacturing firms were located nationwide. Of 1500 questionnaires distributed, 

197 questionnaires were returned. The exclusion of questionnaires with incomplete data 

resulted in a final sample of 175 firms, representing a response rate of about 11.66%. 

This is in line with response rate for studies of this kind and other studies targeting senior 

executives. The firms were selected randomly from the database within each industry. 

The demographic results are given in Table 5.1.

Table 5.1

Samples Response Rate

Items Number Rate
Mailed and Interview Survey 1500 -

Interviews (Person-to-Person and Telephone Interview) 20
Total Responses Received Included Interviews 197 13.13
Usable Responses 175 11.66

In total, 22 questionnaires could not be used for the research study among 197 

questionnaires returned. The reasons for not using these questionnaires in the full-scale 

survey varied from one organization to another. Ten respondents simply refused to 

complete the questionnaire because of the lack of time for study participation or 

unwillingness to release sensitive firm performance data. Five manufacturers indicated 

that they have no supply chain practice within their organization. Seven questionnaires 

were returned blank with no comments provided as to why they were not completed.
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Characteristics of Respondent Questionnaires

Although the questionnaires were mailed to a specific managerial position such as 

director, CEO, or supply chain manager with the person’s name on the cover letter, the 

respondents have the following managerial positions: (1) owner (22.85%), (2) president 

or vice president (34.40%), (3) CEO (8.57%), (4) supply chain manager (14.28%), (5) 

general manager (14.85%) and (6) staff (5.7%). In the last two columns on the left part 

of table below, it shows there is no significant difference in the usable response rate 

across job title of respondents. Therefore, the possible non-response bias is minimal 

regarding to the job title. The descriptive statistics of respondents are presented in Table

5.2.

Table 5.2 

Job Title of Respondents

Job Position Total % Total Usable % Usable
Survey Survey Response Response

Owner 329 21.9 40 22.85
President or Vice President 490 32.66 60 34.40
CEO 145 9.60 15 8.57
Supply Chain Manager 210 13.33 25 14.28
General Manager 236 15.73 26 14.85
Staff 90 6.20 9 5.14
Total 1500 100.0 175 100.0

The number of employees belonging to the organization shows the size of the 

organization. The range of number of employees also demonstrates that the sample does 

consist of the desired mix of small and medium firms. Thus, the objective of creating a 

sample of small and medium firms within six SIC groups (314, 333, 334, 335, 336, and 

337) was accomplished. Although the total rate survey for size of respondent
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organizations having less than 99 employees shows slightly higher rate than the usable 

response rate in the sample. However, this counts only small portion within the overall 

sample. In general we can conclude that the results presented in table below shows that 

there is no significant difference in the usable response rate across size of respondent 

organizations. Therefore, the possible non-response bias is also minimal regarding the 

organization size. The size of the respondent’s organizations ranged from “less than 25- 

499” employees range, as shown in 5.3.

Table 5.3 

Size of Respondent Organizations

Number of Employees Total
Survey

% Total 
Survey

Usable
Response

% Usable 
Response

Less than 25 97 6.44 6 3.42
26-99 400 26.66 51 29.14
100-199 302 20.013 40 22.28
200-299 220 14.66 30 17.14
300-399 250 16.66 25 14.28
400-499 231 15.40 23 13.14
500 and more 0 0 0 0
Total 1500 100.0 175 100

By examining the frequencies presented in Table 5.4, we can identify the relationship 

between the firm’s size and job title. This table indicates that firms having less than 99 

employees may have no CEO. In addition, small firms with less than 25 employees 

perhaps have no general managers and supply chain managers. The president or vice 

president and the owners filed most of the questionnaires.
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Table 5.4

The Relationship between the Firm’s Size and Job Title

Firm Size

Job Title

CEO
General
Manager Owner

Pres or 
Vise Pres Staff

Supply Chain 
Manager

Grand
Total

< 25 employees - - 4 1 1 - 6
26-99 employees - 5 20 14 7 4 51
100-199 employees 5 1 5 24 - 5 40
200 - 299 employees 5 5 6 7 - 7 30
300 - 399 employees 2 5 3 9 - 6 25
400 - 499 employees 3 10 2 5 - 3 23
Grand Total 15 26 40 60 8 25 175

The duration of supply chain practice implementation of respondent organizations ranges 

from less than 1 year to more than 5 years. The last column of table above shows that 

there is no significant difference in the usable response rate across different industries. 

Therefore, the possible non-response bias is minimal regarding the industrial 

classification. The descriptive statistics of the duration of supply chain implementation 

are presented in Table 5.5.

Table 5.5

Duration of the Supply Chain Implementation

Duration Number of organizations
Less than 1 year 20
1 year to 2 years 32
2 year to 3 years 45
3 year to 4 years 34
5 years and more 44
Total 175

The respondent organizations are composed of six sectors according to NAICS. The 

rational for selecting the six types of manufacturing firms was to create a diverse sample
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from which it would be easier to generalize the results. The overall distribution from each 

sector is as follows: Textile Product Mills 12.99%, Machinery Manufacturing 11.69% 

Computer and Electronic Product Manufacturing 13.33% Electrical Equipment, 

Appliance, and Component Manufacturing 11.14%, Transportation Equipment 

Manufacturing 10.66%, and Furniture and Related Product Manufacturing 9.9%. The 

types of the organizations in the sample are presented in Table 5.6.

Table 5.6 

The Response Rate by Industry

NAISC Code Total
Survey

% o f
Total

Survey

Total
Response

Unusable
Response

Usable
Response

% Usable 
Response

314 177 11.8% 23 0 23 12.99%
333 248 16.53% 30 1 29 11.69%
334 315 21% 49 7 42 13.33%
335 323 21.53% 38 2 36 11.14%
336 225 15% 28 4 24 10.66%
337 212 14.13% 29 8 21 9.90%

Total 1500 100% 197 22 175 100%

Table 5.7 shows the relationship between the duration of supply chain implementation 

and industry type. Overall, there is no dominant industry in implementing supply chain 

practice. However, we can see that 334 (Computer and Electronic Product 

Manufacturing) and 335 (Electrical Equipment, Appliance, and Component 

Manufacturing) are slightly ahead of other industries in implementing supply chain 

practices, (i.e., the weighted average years of supply chain implementation in these two 

industries are longer than those in other industries).
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Table 5.7

Supply Chain Practice and Industry Type

Industry Groups 
and NAICS Code

Supply Chain Practice 
Years

1 2 3 4 5 Total W/A
314-Textile Product Mills 6 5 5 3 4 23 2.74
333-Machinery Manufacturing 6 5 6 8 4 29 2.97
334-Computer and Electronic Product 
Manufacturing 2 5 12 9 14 42 3.67
335-Electrical Equipment, Appliance, 
and Component Manufacturing 1 5 9 5 16 36 3.83
336-Transportation Equipment 
Manufacturing 8 1 7 5 3 24 2.75
337-Fumiture and Related Product 
Manufacturing 5 4 5 1 6 21 2.95

Total 28 25 44 31 47 175

Although many respondents elected not to report annual turnover, companies with gross 

annual turnover greater than CANS 10 million comprised at least 42% of the sample. The 

distribution of the sample with respect to annual turnover is shown in Table 5.8.

Table 5.8

Sample Turnover Rate

Respondents’
turnover

Turnover (dollars) 
Frequency

Rate %

<1 Million 25 14.28
>1-5 Million 36 20.05
>5-10 Million 29 16.57
>10-50 Million 43 24.57
>50-100 Million 28 16.00
>100-500 Million 14 8.00

Total 175 100

Table 5.9 summarizes the grouping of companies within a specific manufacturing 

industry based on NAICS code 314, 333, 334, 335, 336, 337 falling in one of the supply
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chain strategies by calculating the arithmetic mean for each score in supply chain strategy 

for each company. Respondents who scored 4 on average or more within a specific 

strategy were considered to belong to that particular strategy. The respondent 

organizations are composed of three supply chain strategy types: INS counted (6 8 ), COS 

counted (46), following strategies (FOS) counted (52), and nine companies scored the 

same average in all supply chain strategies.

Table 5.9

Industry Type and Supply Chain Strategy Grouping

Manufacturing Industry 
and NAISC Code

Supply Chain Strategies
INS COS FOS

314-Textile Product Mills 2 1 0 1 1

333-Machinery Manufacturing 14 4 9
334-Computer and Electronic Product Manufacturing 27 4 8

335-Electrical Equipment, Appliance, and Component 
Manufacturing 18 7 8

336-Transportation Equipment Manufacturing 3 1 2 9
337-Fumiture and Related Product Manufacturing 4 9 7
Total 6 8 46 52

5.4 Non-Response Bias

Identifying the differences between respondents and non-respondents is always a major 

concern for most researchers. However, researchers sometimes can make very limited 

checks for the differences. In light of the low response rate, tests for non-response bias 

were considered necessary (Gupta and Somers, 1996). One commonly used method is 

based on the assumption that the opinions of late responders are representative of non

respondents (Armstrong and Overton, 1977). For this research study the responses of 

early and late waves of returned surveys were compared to check for any significant
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differences (Armstrong and Overton, 1977). We included 62 randomly selected variables 

to test for non-response bias. The final sample was spilt into two, depending on the dates 

they were received; the early wave group consisted of 106 responses and the late wave 

group consisted of 69 responses. The t-tests were performed on the responses of these 

two groups and yielded no statistically significant differences (at 99% confidence level).

In addition to the results obtained from the t-tests above, we also compared the 

demographics of the population and the survey sample in each table above, see (Tables,

5.2, 5.3, and 5.6). The comparison revealed no statistical significant differences across 

the two groups for job title, size of organizations, and response rate by industry contained 

in the study. Therefore, we conclude that the non response bias is not material in this 

study. Although these results do not rule out the possibility of non-response bias, they 

suggest that non-response may not be a problem to the extent that late respondents 

represent the opinions of non-respondents (Krause et al., 1998).
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CHAPTER VI 

RESULTS and DATA ANALYSIS

This chapter examines in detail the statistical results of the study. The results are 

presented in four sections. Section one begins by discussing the results pertaining to 

hypothesis one Hi, which dealt with verifying the supply chain strategy model discussed 

in Chapter III. This hypothesis is tested using confirmatory factory analysis (CFA) using 

the LISREL program. Section two discusses the results pertaining to the modified supply 

chain strategy model. In this section, two stages of statistical analysis have been applied 

to the modified supply chain strategy model, first stage exploratory factor analysis (EFA) 

using the SPSS program and the second stage CFA using the LISREL program. Section 

three examines the sequential relationships among supply chain strategy, supply chain 

flexibility, and supply chain performance with complex direct, indirect, and total effects 

using the LISREL program. In this section, model identification and model fit are 

discussed. Finally, section four ends with tests the research hypothesis about the 

relationship among supply chain strategy, supply chain flexibility, and supply chain 

performance hypotheses [H2a> H2b, H2c, H2d, H2e], [H3a> H3b> H3c, H3d], [H4a, H4b, H4c> H4d], 

[Hsa, H5b, H5C, H5d]. In this section, path analysis is the technique we use to explore our 

propositions. This section ends by examining the influence of trade-off between supply 

chain flexibility types and the alignment issue between supply chain strategy and supply 

chain flexibility on supply chain performance.
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6.1 Testing Supply Chain Strategy Model 

6.1.1. Confirmatory Factor Analysis (CFA)

Hypothesis Hi proposes that supply chain organizations can be classified into four 

distinct groups of supply chain strategies. The analysis was performed on the correlation 

matrix (Joreskog and Sorbom, 2001) and produced using measurement scales discussed 

in the research instrument presented in Section A.l of Appendix 3. In the correlation 

matrix the interval or ratio scale should have a sufficient range of score values to 

introduce variance for example, scales such as 1 to 7 or 1 to 9 is recommended to be used 

to measure variables when possible (Schumacker and Lomax, 1996). If the range of 

scores is restricted, the magnitude of the correlation value is decreased. Since our study is 

performed on scale free measurement, it is not restricted by only using covariance matrix. 

In other words, that the correlations matrices used in this research are valid for all the 

models examined. The correlation matrix used for this statistical analysis is presented in 

Appendix 6 .

In order to verify the supply chain strategy framework, CFA using the LISREL program 

was applied to see how the 18 supply chain strategy variables would converge (Figure 

6.1). The supply chain strategy model was already established and available in the 

literature, as discussed in Chapter II. Therefore, CFA is appropriate over the exploratory 

method. The observed variables are the 18 items loaded on four factors listed in 

Appendix 3, section A.I. Items were allowed to load only on the factor for which they 

were written to measure. Items SCS 17 and SCS 18 were allowed to load on the four 

factors, as suggested in the research instrument.
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6.1.2 Model Identification

Before testing the supply chain strategy model, it was important to check the model 

identification to obtain the correct estimate of the parameter values. Bollen (1989) gave 

several rules that enable researchers to determine the identification status of their models. 

In general, CFA models should be identified if they have at least three items for each 

factor (Stevens, 2002). Models that have more unknown parameters to be estimated than 

the observations are called unidentified or under-identified models and cannot be solved 

uniquely. Models with just as many parameters to be estimated as the observations are 

referred to as just-identified models. They can be solved, but cannot be tested statistically. 

Models with more observations than parameters to be estimated are called over-identified 

models, or sometimes simply identified models. These can be solved uniquely, and can 

be tested statistically (Stevens, 2002, p 428).

In the supply chain strategy model, the number of parameters to be estimated would be 

24 factor loadings, plus 6  factor correlations and 18 measurement error variances, for a 

total of 48 parameters. The number of unique values in a correlation matrix is equal 

(P)( P  +1)to -——-------, where P is the number of observed variables. For the 18 items in the
2

supply chain strategy model, the number of elements in the correlation matrix would 

18*(18 + D
be  ------- = 171. Because the number of observations is much greater than the

number of parameters to be estimated, we conclude that the supply chain strategy model 

is over-identified with 123 degrees of freedom before considering adding any paths or 

error co-variances to fit the model if required.
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6.1.3 Model Goodness of Fit

A variety of fit indicators are currently available to assess the model fit with data. Two 

widely used incremental fit indices are the comparative-fit index (CFI) and normed-fit 

index (NFI). NFI is a relative comparison of the proposed model to the null model. CFI 

avoids the underestimation of fit often noted in small samples for NFI (Bentler, 1995; 

Bagozzi et al., 1999). Many researchers interpret index scores from 0.80 to 0.89 as 

representing reasonable fit and scores of 0.90 or above as evidence of good fit (Joreskog 

and Sorbom, 1989; Byrne, 1989). The Chi-square statistic is a good global test of a 

model’s ability to reproduce the sample variance/covariance matrix. The ratio of x2 to 

degrees of freedom provides information on the relative efficiency of competing models. 

For this statistic, a value <3.0 indicates a reasonable fit (Segars and Grover, 1998).

The root mean square residual (RMSR or RMR) is an average of the residuals between 

observed and estimated input matrices. The root mean square error of approximation 

(RMSEA) is another measure that attempts to correct the tendency of the Chi-square 

statistic to reject a specified model with a sufficiently large sample. The recommended 

maximum value for RMSR is 0.10 (Chau, 1997). RMSEA represents the goodness-of-fit 

that could be expected if the model was estimated in the population, not just the sample 

drawn for the estimation. Values of RMSEA ranging from 0.05 to 0.08 are acceptable 

(Joreskog and Sorbom, 1989; Hair et al., 1998).

The CFA results shown in Figure 6.1 indicate that the supply chain strategy model 

exhibited a poor fit overall to the research data. Although the researcher attempted to use
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modification indices provided by LISREL output to generate an adequate model fit, the 

model did not converge, i.e., the LISREL program did not provide any reasonable output 

after exhausting all the possible ways suggested by modification indices. The LISREL 

output, in the model, suggested setting free error covariance among the following 

variables: (SCS 10 and SCS 13), (SCS 10 and SCS6 ), (SCS3 and SCS6 ), (SCS3 and 

SCS10), (SCS15 and SCS14), (SCS4 and SCS6 ), (SCS8  and SCS13), (SCS12 and 

SCS9), (SCS12 and SCS2), (SCS12 and SCS15), (SCS12 and SCS8 ), and (SCS2 and 

SCS5). Thus the supply chain strategy CFA model degrees of freedom after adding the 

error co-variances are 171 -  48 -  12 = 111 (d f  =111).

In terms of overall fit, the x2 statistic value is highly significant (x2 = 420.14; d.f. = 111; P 

= 0.000), and the ratio of x2 to degrees of freedom is 3.78, which indicates a poor fit in 

general. Other fit indices also suggest inconsistency of the model with the research data 

Root Mean Square Error of Approximation RMSEA= 0.127, which is greater than 

suggested value of 0.08; Comparative Fit Index CFI = 0.89; Normal Fit Index NFI = 

0.87, and None-Normed fit index NNFI = 0.85 are all below the recommended thresholds 

of 0.9. This means that hypothesis one, Hi, of the supply chain strategy model is not 

consistent with the existing research data, or this model does not fit the Canadian 

manufacturing data obtained for this research study. Values of the goodness of fit 

statistics obtained by the LISREL program are presented in Table 6.1
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Table 6.1

Goodness of fit for Supply Chain Strategy Model

Goodness of fit Criteria Cutoff Value Strategy Model
RMSEA <0.08 0.127
Goodness of fit index (GFI) >0.90 0.79
Adjusted goodness-of-fit index (AGFI) >0.80 0.67
Normed fit index NFI >0.90 0.87
None-Normed fit index NNFI >0.90 0.85
Comparative fit index CFI >0.90 0.89

Figure 6.1

LISREL CFA for Supply Chain Strategy Model
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The poor fit of the supply chain strategy model may be due to small sample size, rather 

than to any substantial mis-specification of the model. The chi-square value is highly 

significant, indicating that the supply chain strategy model does not adequately account 

for the observed co-variation among the strategy items. Apparently, it is also possible that 

the model is mis-specified in some fundamental way. For example, one or more of the 

items may actually load on more than one of the factors, instead of loading on only one. 

In summary, the supply chain strategy model is rejected due to a poor statistic fit to the 

existing data, and a modified supply chain strategy model should be proposed to test the 

research hypotheses. . Detailed output, including LISREL syntax and SIMPLIS syntax 

for the supply chain strategy model CFA using the LISREL program, is presented in 

Appendix 7.

6.2 Modified Supply Chain Strategy Model

6.2.1 Exploratory Factor Analysis

Floyd and Widaman (1995) suggested that EFA is most appropriate in the initial stages of 

model development, whereas CFA provides a more powerful tool in the second stage of 

research when a model has already been established. Therefore, two stages of statistical 

analysis will be applied to the modified supply chain strategy model: EFA and CFA. In 

the first stage, EFA will be applied with varmix rotation to obtain more easily 

interpretable factor loadings to see how the 18 supply chain strategy variables would 

converge. Then, in the second stage, CFA will be applied using the LISREL program to 

confirm the results obtained from EFA.
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The primary objective of an EFA is determining the number of common factors 

influencing a set of measures. SPSS output for an exploratory factor analysis revealed 

that three factors are clearly defined with high loading, shown in Table 6.2. All eigen

values from the three factors were greater than 1.0, Table 6.3. All standardized factor 

loadings were 0.60 or above with the majority falling above 0.750; thus, the loadings can 

be considered large (Bollen and Lennox, 1991). The reliability of each construct was 

measured with Cronbach’s a: The coefficient values a for the three factors are 0.9436, 

0.8413, and 0.9062 respectively (see Table 6.7). In general, all three factors are very 

clear, showing a significant relationship between those dimensions and the factor loading.

Table 6.2

Exploratory Factor Analysis (Rotated Component Matrix)

Rotated Com ponent Matrix
Component

F I F2 F 3
SCS 17 0 . 8 7 6 -0.230 -0.206
SCS18 0 . 8 5 1 -0.301 -0.205
SCS9 0 . 8 4 0 -0.263 -5.045E-02
SCS5 0 . 8 2 6 -0.256 -0.191
S C S I 0 . 7 9 1 -0.227 -0.111
SCS13 -0.726 0.256 -0.270
SCS10 -0.602 0.201 -0.287
SCS3 0 . 427 -9.663E-02 7.958E-02
SCS 4 -0.274 0 . 9 0 4 -0.138
SCS8 -0.316 0 . 8 7 3 -0.146
SCS16 -0.271 0 . 7 7 6 -0.159
SCS12 -0.245 0 . 7 5 0 -8.888E-02
SCS6 -0.501 0 . 6 2 6 -0.290
SCS2 -0.267 -0.225 0 . 8 0 6
SCS14 5.935E-02 1.208E-02 0 . 8 0 5
SCS 15 -0.102 -0.169 0 . 7 8 2
SCS 7 -2.618E-02 -8.949E-02 0 . 7 7 4
SCS11 -0.310 0.150 -0.469

Extraction Method: Principal Com ponent Analysis. Rotation Method: Varim ax with Kaiser 
Normalization.a Rotation converged in 5 iterations.
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SPSS Output shown in Table 6.3 lists the eigenvaules associated with each linear 

component (factor) after extraction and after rotation. SPSS had identified 18 linear 

components within the data set (we know that there should be as many eigenvalues as 

there are variables and so there will as many factors as variables). The eigenvalues 

associated with each factor represent the variance explained by that particular linear 

component and the SPSS also displays the eigenvalues in terms of the percentage of 

variance explained (so factor 1 explains 40.641% of total variance). It should be clear that 

the first few factors explain relatively large amounts of variance (especially factor 1) 

whereas subsequent factors explain only small amounts of variance. SPSS then extracts 

all factors with eigenvalues greater than 1, which leaves us with 3 factors.

Table 6.3 

Total Variance Explained

Component
Initial

Eigenvalues
Total

% of 
Variance

Cumulative
0,
o

Extraction 
Sums of 
Squared 
Loadings

% of 
Variance

1 7 . 3 1 5 4 0 . 6 4 1 4 0 . 6 4 1 7 . 3 1 5 4 0 . 6 4 1
2 3 . 5 1 7 1 9 . 5 3 7 6 0 . 1 7 9 3 . 5 1 7 1 9 . 5 3 7
3 1 . 3 5 9 7 . 5 4 9 6 7 . 7 2 8 1 . 3 5 9 7 . 5 4 9
4 . 969 5.383 73.110
5 .837 4.652 77.762
6 .728 4.047 81.809
7 .568 3.156 84.965
8 .474 2.636 87.601
9 .382 2 .121 89.721
10 .332 1. 844 91.565
11 . 311 1.726 93.291
12 .288 1.598 94 . 889
13 .252 1. 401 96.290
14 .187 1.040 97 .330
15 .173 .960 98.290
16 .163 .905 99.196
17 . 112 . 625 99.821
18 3.227E-02 .179 100.000

Extraction Method: Principal Component Analysis.

109

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Not all factors are retained in an analysis, and there is a debate over the criterion used to 

decide whether a factor is statistically important. I mentioned above that eigenvalues 

associated with a variate indicate the substantive importance of that factor. Therefore, it 

seems logical that we should retain only factors with large eigenvalues. However, factor 

3 in Table 6.3 is relatively small in comparison to factors 1 and 2. How do we decide 

whether or not an eigenvalue is large enough to represent a meaningful factor? One 

technique advocated by Cattel (1966b) is to plot a graph of each eigenevalue (Y-axis) 

against the factor with which it is associated (X-axis). This graph is known as a scree 

plot. Cattel (1966b) argued that the cut-off point for selecting factors should be at the 

point of inflexion of this curve. The scree plot shown in Appendix 8  represents the 

research sample used for this research and it appears that the point of inflexion at the 

factor 3. Although scree plots are very useful, factor selection should not be based on this 

criterion alone. Kaiser (1960) recommended retaining all eigenvalues greater than 1.

The other technique is to test the model using maximum likelihood ML. Table 6.4 

presents a goodness-of-fit test for two-factor model. For two factors, ML Factor analysis 

is highly significant that means it rejects the null hypothesis that the model fit with two 

factors. Table 6.5 shows a goodness-of-fit test for a three-factor model. For three factors, 

ML Factor analysis still rejects the model, but this model is slightly better than the two- 

factor model. Based on the above two techniques, the researcher selected to retain three 

factors for the research study instead of only two factors.
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Table 6.4

Goodness-of-fit Test for Two-Factor Model

Chi-Square df Sig.
383.160 118 .000

Table 6.5

Goodness-of-fit Test for Three-Factor Model

Chi-Square df Sig.
138.583 102 .039

The above results conclude that our test for Hypothesis one (Hi) is partially supported by 

the taxonomy of four supply chain strategy-types (innovative, modularizing, appending, 

and follower) by Katz et al. (2003). However, the author found no evidence of the two 

underlying dimensions of supply chain strategy that they called modularizing and 

appending. Interestingly, a new strategy called customer-oriented strategy (COS) was 

identified in the Canadian manufacturing data. The interpretations of the three groupings 

are predicated based on the high loading that appeared in the EFA. In general, the three 

groupings can be designated as innovative, follower, and customer-oriented strategy. 

Overall, the results partially support the first research hypothesis Hi. It shows that the 

Katz et al. (2003) framework can be partially applied to our data.

The three-factor strategies are described in terms of their respective loading and relative 

importance in their supply chain strategy. For instance, in factor loading (Fi) firms 

(innovative strategy), there were significant differences between factor loading (Fj) firms 

and factor loading (F2) firms (follower strategy), and between factor loading (F3) firms 

(customer oriented strategy), and factor loading (F2) firms (follower strategy). The result
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confirms that factor loading (Fi) (innovative strategy) firms focus on a frequency of 

product innovation and offering new goods or services that are not previously offered. 

Similarly, results in Table 6.2 also confirms that factor loading (F2) firms (follower 

strategy) focus more on using low cost and common component parts to achieve 

competitive advantage. Finally, factor loading (F3) (Customer-oriented strategy) firms 

focus more on offering low price and quality services in order to establish customer 

loyalty and achieve a competitive advantage. The three dimensions are very clear, 

showing a significant relationship between these dimensions and the factor loading. In 

general, the three groupings can be designated as follows:

Factor 1: Innovative strategy (INS), the first factor, consists of five variables: timing of 

adopting new production technology [SCS 17], timing of introducing new products to the 

market [SCS 18], offering new goods or services that are not previously offered [SCS9], 

creating new knowledge and competencies unavailable elsewhere [SCS5], and frequency 

of product innovation [SCSI]. The internal reliability coefficient, Cronbach’s (a) for INS 

is presented in Table 6.7.

Factor 2: Follower strategy (FOS), the third factor, includes five variables: increase in 

worker productivity [SCS4], use low cost component parts [SCS8 ], implementing of cost 

reduction and efficiency improvement [SCS 16], use of common component parts 

[SCS 12], and offer goods or services that are available elsewhere [SCS6 ], The internal 

reliability coefficient Cronbach’s (a) for FOS is presented in Table 6.7.
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Factor 3: Customer-Oriented strategy (COS), the second factor, includes four variables: 

offering high margin services along with the core products or services already being 

offered [SCS2], planning effective long-term material [SCS14], offering low price 

products or services [SCS 15], and offering a high level of quality in products or services 

[SCS7]. The internal reliability coefficient, Cronbach’s (a) for COS is presented in Table 

6.7.

6.2.2 Model Testing: Confirmatory Factor Analysis CFA

According to the SPSS EFA shown in Table 6.2, the results revealed that Canadian 

manufacturers could be grouped into three types of strategies (innovative, customer- 

oriented, and follower). Therefore, based on the EFA finding, the supply chain strategy 

was modified to test the research hypotheses. With this three-supply chain strategy factor 

we then performed CFA to test the modified supply chain strategy model using the 

LISREL program. The analysis was performed on the correlation matrix produced and it 

used the measurement scales presented in the research instrument, Section A.l of 

Appendix 3. The correlation matrix used for this statistical analysis is presented in 

Appendix 8 . In order to confirm if the modified supply chain strategy model is adequate 

to the Canadian manufacturing data CFA, the LISREL program was applied to see how 

the supply chain strategy variables in the modified model would group under three 

strategy types. The best CFA model accepted for this study is illustrated in Figure 6.2. In 

the modified supply chain strategy model, the observed variables are the 18 items loaded 

on three factors (innovation, follower, and customer-oriented). Similar to the original 

model, these items were allowed to load only on the factor on which they were written to 

measure. Before testing the modified supply chain strategy model using CFA, it is
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important to check the model identification to obtain the correct estimate of the parameter 

values and the model goodness of fit.

6.2.3 Model Identification

In the modified supply chain strategy model, the number of parameters to be estimated 

would be 18 factor loadings, plus 3 factor correlations and 18 measurement error 

variances, for a total of 39 parameters. The number of unique values in a correlation

/ j p  _j_ J^\

matrix is equal to-—------- - ,  where P  is the number of observed variables. For the 18

items in the strategy model, the number of elements in the correlation matrix would be 

18*19— - —  = 171. Because the number of observations is much greater than the number of

parameters to be estimated, we conclude that the modified supply chain strategy model is 

over-identified with 132 degrees of freedom before considering adding any paths or error 

co-variances to fit the model if required and can be tested statistically.

6.2.4 Model Goodness of Fit

The CFA results shown in Table 6 . 6  indicate that the modified supply chain strategy 

model exhibited a good fit overall. Clearly, we cannot reject the modified supply chain 

strategy model. The researcher used the modification indices provided by LISREL output 

to generate an adequate model fit, as shown in the SIMPLEX syntax depicted in 

Appendix 10. The LISREL output in the CFA model suggested setting some error 

covariance to be free among the following variables: (SCS10 and SCS13), (SCS15 and 

SCS14), (SCS12 and SCS9), (SCS12 and SCS2), (SCS12 and SCS4), (SCS16 and 

SCS4), (SCS16 and SCS 12), (SCS6  and SCS4), (SCS8  and SCS16), and (SCS8  and
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SCS6 ). Thus, the modified supply chain strategy model degrees of freedom including 

error covariance are 171 -  39 -  10 = 122 (df=  122).

In terms of overall fit, the x2 statistic is highly insignificant (x2 = 213.95; df. = 122; P = 

0.000), and the ratio of x2 to degrees of freedom is 1.75, which indicates a reasonable fit. 

Other fit indices also suggest a reasonable fit of the model to the data Root Mean Square 

Error of Approximation (RMSEA); RMSEA= 0.066, which is less than the suggested 

value of 0.08; Comparative Fit Index (CFI) = 0.98; the Normal Fit Index (NFI); NFI = 

0.95; and the None-Normed fit index (NNFI); NNFI = 0.97; all of these results are above 

the recommended thresholds of 0.9. This means that the modified supply chain strategy 

classification is reasonably consistent with the existing research data, or, in other words, 

this revised model does fit the Canadian Manufacturing data collected for this research 

study. Values of goodness-of-fit criteria for the modified supply chain strategy model 

obtained by the LISREL program are presented in Table 6 .6 . Detailed output, including 

LISREL syntax and SIMPLIS syntax, for the modified supply chain strategy framework 

CFA using the LISREL program is presented in Appendix 10.

In summary, SPSS exploratory factor analysis output revealed that there are three distinct 

groups of strategies in the Canadian supply chain manufacturers, and this result is 

supported by CFA output using the LISREL software (see Figure 6.2). In order to test the 

research hypotheses, the modified supply chain strategy model was adopted to test our 

research data. The next sections discuss the supply chain flexibility model based on these 

three strategies obtained by SPSS and confirmed by the CFA LISREL program.
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Table 6.6

Goodness of Fit for Modified Supply Chain Strategy Model

Goodness of fit Criteria Cut-off Value Modified Strategy 
Model

RMSEA <0.08 0.066
Goodness of fit index (GFI) >0.90 0.98
Adjusted goodness-of-fit index (AGFI) >0.80 0.83
Normed fit index (NFI) >0.90 0.95
None-Normed fit index (NNFI) >0.90 0.97
Comparative fit index (CFI) >0.90 0.98

Figure 6.2

LISREL CFA for Modified Supply Chain Strategy

\  j p  .4 8 ' 
0 / 2 3  

O i S f l .  58 ' 
0 . 10L4 

□ S .4 9 '

Chi-Square=213.95, df=122, P-value=0.00000, RMSEA=0.066
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6.3 Modified Supply Chain Flexibility Model

Figure 6.3 represents the modified supply chain flexibility model based on the three 

supply chain strategies identified in Section 6.2. In the revised model, we focus on three 

dimensions of supply chain strategy: INS, COS, and FOS. It should be pointed out that 

the antecedents of supply chain strategy, supply chain flexibility, and supply chain 

performance identified in this research cannot be considered complete. Although other 

dimensions are of great interest, they are not included due to the length of the survey and 

the concerns regarding the parsimony of this research.

Innovating
Strategy
(INS)

Customer-
Oriented
Strategy
rcost

Follower
Strategy
(FOS)

Figure 6.3

Modified Supply Chain Flexibility Model
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Path analysis is the technique we use to explore our propositions about the sequential 

relationship among supply chain strategy, supply chain flexibility, and supply chain 

performance with complex direct, indirect, and total effects. A standard statistical 

technique that could be used here is multiple regression. For every supply chain strategy, 

a regression model should be developed to test the effect of supply chain flexibility on 

supply chain performance. Each regression would yield R2 values that indicate the 

proportions of explained variance and regression coefficients that reflect the relative 

importance of each predictor. However, note that flexibility dimensions cannot be 

represented in multiple regression as both predictor and dependent variables in the same 

analysis; they must be either one or the other. Another limitation of multivariate 

regression analysis is that it can only estimate the relationship between several 

independent variables and one dependent variable. Instead of estimating each model, in 

path analysis it will be estimated in one analysis so this will increase the efficiency of 

estimations.

Path analysis represents an extension of multiple regression that can be used to overcome 

those limitations. The path analytic model is a multivariate analysis methodology for 

empirically examining sets of relationships represented in the form of linear causal 

models (Bollen and Long, 1993; Joreskog and Sorbom, 1989). Mathematically, the path 

analytic model decomposes the empirical correlations or covariances among the 

measured variables to estimate the path coefficients in the path diagram. As a result of the 

good internal consistency of the majority of the latent variables (see Table 6.7), their 

means can be used to produce uni-dimensional variables. This, combined with the
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simplicity of the model relationships, makes path analysis an appropriate methodology 

for measuring the relationship among the supply chain strategy, supply chain flexibility, 

and supply chain performance.

6.3.1 Model Testing

The direct conversion of the basic conceptual research model in Figure 3.1 involved the 

specification of a path model in Figure 6.3 that would allow for the examination of the 

direct, indirect, and total effects of strategy and flexibility on performance. It must be 

pointed out that Figure 6.3 is simplified to show only some of the direct strategy- 

performance connections, and does not show all the paths tested in accord with the 

effects anticipated in our hypotheses. The model is recursive insofar as it is assumed that 

reciprocal causation in the form of causal feedback loops does not exist.

In this research study, our hypotheses are made explicit through the construction of an 

arrow diagram depicting the expected casual sequence in Figure 6.3. The resulting 

diagram shows supply chain strategy as an exogenous variable affecting the implemented 

flexibility and supply chain performance. Flexibility and performance are endogenous 

variables that are explained partly by strategy and, in the case of performance, by supply 

chain flexibility. Variables are classified as exogenous (independent) to the model when 

they only omit arrows; endogenous (dependent) variables receive arrows. Each arrow is 

called a path, and paths connecting the variables can be either direct or indirect. Both 

direct and indirect strategy and performance connections are considered in the model, and 

the paths are drawn in accordance with the effects anticipated in the hypotheses. Direct
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paths are those connections between variables comprised of a single pathway. A 

standardized path coefficient, or beta (P), indicates the direction (either plus or minus) 

and the magnitude of influence between variables. For example, the standardized path 

coefficient between supply chain flexibility and supply chain performance is the 

standardized beta (P) weight resulting from the prediction of performance from supply 

chain flexibility with supply chain strategy already partialled out.

Path analysis is performed to test the proposed research model in Figure 6.3. However, 

before applying path analysis to the research model, tests of internal consistency are 

needed. If the manifest variables of a latent variable are internally consistent then the 

latent variable will be treated as uni-dimensional by calculating the arithmetic mean of 

the manifest variables (Lynn, 2000, Boyle, 2004). However, if the manifest variables of a 

latent variable are not internally consistent then each manifest variable will enter into the 

path model.

Cronbach's coefficient alpha (a) is commonly used to measure the reliability for a set of 

two or more construct indicators (Cronbach, 1951, Lynn, 2000). Nunnally (1967) earlier 

suggested that values as low as 0.50 are acceptable for initial construct development, 

while Van de Venn and Ferry (1980) state that acceptable values may be as low as 0.40 

for broadly defined constructs. Although a value of 0.70 was subsequently recommended 

by Nunnally (1978), a value of 0.60 is often used as the practical lower bound (e.g., 

Flynn et al., 1994; Narasimhan and Jayaram, 1998; Malhotra and Grover, 1998). All of 

the measurements in this study have Cronbach alpha values that met the minimum
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criterion alpha value of 0.60. Since all the constructs operationalized in this study are 

fairly broad in nature, and each exceeds the practical lower bound of 0.60, they are 

judged to possess acceptable reliability. Table 6.7 below lists the measurements of the 

internal reliability (Cronbach’s Alpha a Values) of all constructs in this research model.

Table 6.7 

Cronbach’s Alpha (a) Values

Variables Number of Items a
Innovative Strategy 5 0.9436
Customer-Oriented Strategy 4 0.8413
Follower Strategy 5 0.9062
New Product Flexibility 7 0.9435
Sourcing Flexibility 8 0.7662
Product Flexibility 7 0.9283
Information Systems Flexibility 8 0.9176
Delivery Flexibility 8 0.8863
Net Profit Performance 1 -

Sales Growth Performance 1 -

Lead Time Performance 1 -

Customer Satisfaction Performance 3 0.8221

6.3.2 Model Identification

Before testing the supply chain flexibility model, it is important to check the model 

identification for obtaining the correct estimate of the parameter values. It is important to 

calculate the number of parameters to be estimated by the model and observed variables. 

The supply chain flexibility path model is over-identified. With 12 observed variables, 

12*13
there are — - —  = 78 observations; the number of parameters to be estimated is 50,

including the variances of 12 variables (3 observed and 9 unobserved, that is the 

disturbance), 3 covariances between the observed exogenous variables, and a total of 35 

direct effects. Furthermore, to fit the model some elements were set to free (i.e., error
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covariance set to free); in total 1 1  error covariance were set to free, as explained below. 

Thus, the supply chain flexibility model degrees of freedom are 78 -  50 - 11= (df=  17). 

Because the number of observations is much greater than the number of parameters to be 

estimated, we conclude that the supply chain flexibility model is over-identified and can 

be tested statistically.

6.3.3 Assessing Model Fit

Over-identified path models with more observations than parameters to be estimated 

usually do not fit the data perfectly (Kline, 2004, p 133). Therefore, there is a need to 

measure the degree of fit of such models. The analysis was performed on the correlation 

matrix presented in Appendix 11 produced using the measurement scales discussed in the 

research instrument presented in Appendix 3. An initial model presented in Figure 6.3 

was deployed for model-data fitting. Initially, the model did not show an acceptable fit to 

the data to be analyzed. However, the statistics provided by the LISREL program would 

indicate the need to consider revising the direction of the proposed path or adding paths if 

a theoretical basis supporting doing so — doing actual testing of the model. However, all 

the proposed paths by LISREL out put theoretically are not supported. The program not 

only proposed adding paths to improve the overall fit but also proposed adding an error 

covariance if a theoretical basis supported adding such an error covariance. The LISREL 

output in the model refining process suggested adding an error covariance among the 

following variables: (SOF and NPF), (PRF and NPF), (PRF and SOF), (DLF and NPF), 

(DLF and SOF), (DLF and PRF), (ISF and NPF), (ISF and SOF), (ISF and PRF), (ISF 

and DLF), and (CSP and LTP).
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When the LISREL program ran including the suggested modification index of the error 

co-variances listed above the model yielded a good fit to the data. The best path analytic 

model obtained from LISREL software accepted for the study is illustrated in Figure 6.4, 

with path analysis determining the significance of the relationships between the 

independent and dependent variables. Detailed output for the modified supply chain 

flexibility path model using the LISREL program, including LISREL syntax and 

SIMPLIS syntax, is presented in Appendix 11.

The supply chain flexibility model presented in Figure 6.4 shows a reasonable fit of 

supply chain strategy, supply chain flexibility, and supply chain performance to the 

empirical data. The observed Chi Square was %2 = 6.07, degree of freedom df = 5, P-value 

= 0.29990, and RMSEA = 0.035. Generally, a rule of thumb is that RMSEA < 0.05 

indicates close approximate fit, values between 0.05 and 0.08 suggest reasonable error of 

approximation, and RMSEA >0.10 suggests poor fit (Brown and Cudeck, 1993). The 

GFI was 0.99, which also indicates a good fit, and AGFI was 0.91. Cutoff value for GFI 

is 0.90 and for AGFI 0.80 (Bentler and Bonett, 1980; Bentler, 1989). Both values were 

above the suggested cutoff level. Three additional goodness-of-fit indices — the NFI, the 

NNFI, and CFI — are also presented in Table 6 .8 . Both NFI (0.98) and NNFI (0.99) were 

all greater than 0.90, indicating an acceptable fit (Bentler and Bonett, 1980; Bentler, 

1989; Tanaka and Huba, 1984). Finally, the CFI was 0.99 which indicates a good fit 

(Bentler and Bonett, 1980; Bentler, 1989; Tanaka, 1993). A rule of thumb for the CFI 

and other incremental indexes is that values greater than 0.90 may indicate a reasonably
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good fit of the researcher’s model (Hu and Bentler, 1999). However, CFI =1 .0  means 

only that x2 < df, not that the model has a prefect fit.

Table 6 . 8

Goodness-of-Fit Statistics for Modified Supply Chain Flexibility Model

Measures Cutoff Value Actual
Root Mean Square Error Approximation RMSEA <0.08 0.035
Goodness of fit index GFI >0.90 0.99
Adjusted goodness-of-fit index AGFI >0.80 0.91
Normed fit index NFI >0.90 0.98
None-Normed fit index NNFI >0.90 0.99
Comparative fit index CFI >0.90 0.99

Figure 6.4

LISREL Modified Supply Chain Flexibility Path Model

Chi-Square=6.07, df=5, P-value=0.29 9 9 0 , RMSEA=0.035
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6.4 Modified Supply Chain Flexibility Model Analysis

6.4.1 Supply Chain Strategy and Supply Chain Flexibility Relationship

To test hypotheses Eba, H2b, Tbc, H2 4  and E^e, the regression results and the standardized 

path coefficients representing the direct effects of supply chain strategy dimensions (INS, 

COS, and FOS) on supply chain flexibility types (NPF, SOF, PEF, ISF, and DLF) are 

shown in Table 6.9. The mathematical representation of the hypotheses relationship is 

depicted in Appendix 12.

Hypothesis H2a, which dealt with the relationship between supply chain strategy 

dimensions (INS, COS, and FOS) and NPF, was tested using the results from the 

modified supply chain flexibility path model (Table 6.9, Figure 6.4, and Equation 1 of 

Appendix 12). The path coefficient for INS and NPF was 0.58 and significant at P < 0.01 

level. An INS was a significant predictor of NPF. On the other hand, INS was not found 

to have any significant impact on the other types of supply chain flexibility. The positive 

sign of this coefficient indicates that INS has a positive impact on NPF. This means that 

when INS increases by one unit, NPF will be emphasized by the Canadian manufacturing 

managers by 58 percent. Examining the results in Table 5.9 for industry type and strategy 

grouping, the majority of innovative companies are the Computer and Electronic Product 

Manufacturing NAICS code 334, Electrical Equipment, Appliance, and Component 

Manufacturing NAICS code 335, and Machinery Manufacturers NAICS code 333. The 

characteristics of these manufacturers (typified by short product life cycle, severe 

competition, and constant technology innovation) force supply chain companies to 

research and develop new products to stay competitive. The path coefficient for the other
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remaining two strategies was found to have a negative impact on NPF. The path 

coefficient for the FOS was -0.31 and statistically significant at the 1% level; whereas, 

COS path coefficient was -0.11 and was found to be significant at the 5% level. 

According to the results in Table 5.9 for industry type and strategy grouping, the majority 

of these strategies represent Textile Product Mills NAICS code 314, Transportation 

Equipment Manufacturing NAICS code 336, and Furniture and Related Product 

Manufacturing NAICS code 337. They are characterized by a relatively long life cycle, 

few product variations, and easy to predict demand.

In summary, this hypothesis suggests that a supply chain organization must consider NPF 

if they are adapting innovation strategy. This partially answers the second research 

question by suggesting that NPF is a very critical dimension for INS firms. This 

hypothesis also suggests that the other two strategies — COS and FOS — need no NPF. 

The R2 value for the model indicates how much of the variability in NPF can be 

explained by these three types of strategy variables. The R2 of 0.60 for Hypothesis H2a 

model is moderately high, which suggests a reasonable explanatory power of the three 

strategy variables to the variations in the NPF type.

Hypothesis H2b, which dealt with the relationship between the three supply chain strategy 

dimensions (INS, COS, and FOS) and SOF, was tested using the results from the supply 

chain flexibility path model (Table 6.9, Figure 6.4, Equation 2 of Appendix 12). The path 

coefficient for COS and SOF was 0.50 and statistically significant at P < 0.01 level. The 

positive sign of this path coefficient indicates that COS has a positive impact on SOF.
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This also means that if COS increases by one unit, SOF will be emphasized by 50 percent 

to maintain customer satisfaction. SOF directly impacts customers’ perceptions by 

preventing out-of-stock conditions for products that are suddenly in high demand. Hayes 

and Wheelwright (1984) describe the importance of this capability in a highly cyclical 

industry such as furniture, emphasizing the necessity of being able to “accelerate or 

decelerate production very quickly and juggle orders so as to meet demands for unusually 

rapid delivery”. SOF may require close coordination between a manufacturer and its 

suppliers, especially in the face of increasing demand. Examining Table 5.9 we can see 

that the majority of Furniture and Related Product Manufacturing NAICS 337 firms 

scored high in COS. This is consistent with the findings reported by Hayes and 

Wheelwright (1984) and Vickery et al. (1999). Furthermore, improved relationships with 

suppliers and well-developed distribution channels are essential (Sethi and Sethi, 1990).

Table 6.9

Supply Chain Strategy and Supply Chain Flexibility Relationship

Supply Chain 
Flexibility

Supply Chain Strategies
Hn INS COS FOS

H2a
New Product 
Flexibility 
(NPF)

0 . 5 8 * * *
( 0 . 0 6 5 )

8 . 8 8

- 0 . 1 1 * *
0 . 0 5 4 )

- 2 . 0 7

- 0 . 3 1 * * *  
( 0 . 0 6 6 )  
- 4 . 6 3

Path coefficient 
Standard Error 
t-Statistics

H2b
Sourcing
Flexibility
(SOF)

- 0 . 3 2 * * *
( 0 . 0 8 0 )
- 3 . 9 4

0 . 5 0 * * *
( 0 . 0 7 0 )
7 . 5 1

- 0 . 3 8 * * *  
( 0 . 0 8 2 )  
- 4  . 67

Path coefficient 
Standard Error 
t-Statistics

H2c
Product
Flexibility
(PRF)

- 0  . 47***  
( 0 . 0 9 0 )  
- 5 . 4 8

0 . 5 0 * * *  
( 0 . 0 7 1 )  
7 . 0 8

- 0 . 1 4
0 . 0 8 0 )
- 1 . 5 7

Path coefficient 
Standard Error 
t-Statistics

H2d
Information
Systems
Flexibility
(ISF)

- 0  . 5 6 * * *  
( 0 . 0 8 1 )  
- 6 . 8 9

0 . 5 3 * * *  
( 0 . 0 6 7 )  
7 . 8 9

— 0 . 2  9* * * 
( 0 . 0 8 3 )  
- 3  . 53

Path coefficient 
Standard Error 
t-Statistics

H2e
Delivery
Flexibility
(DLF)

0 . 0 1
( 0 . 0 8 0 )
0 . 0 8

0 . 4 3 * * *  
( 0 . 0 6 8 )  
6 . 3 9

- 0 . 2 6 * * *
( 0 . 0 8 4 )
- 3 . 0 6

Path coefficient 
Standard Error 
t-Statistics

*** 1% significance level. ** 5% significance level. * 10% significance 
level. N = 175
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The path coefficient for FOS with SOF was -0.38 and statistically significant at the 1% 

level. Examining the FOS respondent indicates that most of the respondents are small 

firms, i.e., have less than 99 employees. These firms have limited resources and this 

could be strong evidence that they do not value SOF. Finally, INS also has a negative 

impact on SOF, with a path coefficient of -0.32 and statistically significant at 1%. The 

negative impact of INS on SOF is contrary to expectations, although most of the firms 

under INS — such as Computer and Electronic Product Manufacturing NAICS code 334, 

Electrical Equipment, Appliance, and Component Manufacturing NAICS code 335, and 

Machinery Manufacturers NAICS code 333 — are expected to aggressively utilize SOF. 

However, this could be a misperception from the manager who completed the survey.

In summary, this hypothesis strongly recommends SOF for the COS environment. 

However, for the other remaining two strategies, SOF will not help them improve their 

performance. This also partially provides an answer to our second research question. 

These findings encourage supply chain firms to adopt COS and invest resources and time 

in developing SOF. However, the INS and FOS may not benefit from investing in SOF. 

The R2 value for the model indicates how much of the variability in SOF can be 

explained by these three types of strategy variables. The R2 of 0.38 for Hypothesis H2b 

model is moderately medium, which suggests the reasonable explanatory power of the 

three strategy variables to the variations in the SOF variable.

Hypothesis for H2C, which dealt with supply chain strategy dimensions (INS, COS, and 

FOS) and PRF, was tested, and the results are in presented in Table 6.9, Figure 6.4, and
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Equation 3 of Appendix 12. The standard path coefficient for COS and PRF was 0.50, 

which is significant at the 1% level. The positive sign of this coefficient indicates that 

COS has a positive impact on PRF. This means that COS increased by one unit will 

increase PRF by 50 percent. Pine (1993) emphasizes the increasing importance of 

customization in today’s competitive environment. PRF is a value-adding attribute that is 

immediately visible to the customer. The path coefficient for INS was -0.47 and is 

statistically significant at the 1% level. The only possible explanation for the negative 

impact of INS on PRF is that INS firms — such as Computer and Electronic Product 

Manufacturing NAICS code 334, Electrical Equipment, appliance, and Component 

Manufacturing NAICS code 335, and Machinery Manufacturers NAICS code 333 — 

often focus on responsiveness to target market(s) in general and not on specific individual 

customer needs (i.e., customization). Finally, the path coefficient for FOS was -0.14; it 

also has a negative impact on PRF, and is statistically insignificant. PRF (customization) 

requires investment in production facilities and logistics in order for manufacturers to be 

able to produce products characterized by numerous features, options, sizes, or colors. 

However, the reason for a negative relationship of FOS and PRF could be that FOS firms 

usually focus on tight cost control in order to achieve low cost production.

In summary, this hypothesis strongly recommends PRF for COS environment. However, 

in the other remaining two strategies, PRF will not help them improve their performance. 

These findings also continue to answer our second research question by suggesting to 

managers that if your organization is pursuing COS, the investment should be directed 

towards PRF. Meanwhile, for organizations pursuing INS or FOS, investing in PRF will
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not help them to improve their performance. R2 value for the model indicates how much 

of the variability in PRF can be explained by these three types of strategy variables. The 

R2 of 0.29 for Hypothesis H2c model is moderately low, which suggests the logical 

explanatory power of the three strategy variables to the variations in the PRF variable.

Hypothesis H2d dealt with supply chain strategy dimensions (INS, COS, and FOS) and 

ISF (Table 6.9, Figure 6.4, and Equation 4 of Appendix 12). The path coefficient for COS 

and ISF was 0.53; it was significant at the 1% level and positively correlated. The 

positive correlation indicates that COS has a positive impact on ISF. This also means that 

if COS increases by one unit, ISF will be emphasized by 50 percent. Information systems 

are playing a crucial role by enabling both the customers as well as the competitors to 

move to higher levels of performance expectation (Wadhwa and Rao, 2003). In some 

comments provided by the interviewers holding positions as IS managers, they noted that 

their organization installed IS based on their customers demand. The path coefficient for 

FOS and ISF was -0.29 and significant at the 1% level, which indicates that ISF has a 

negative impact on FOS. The lack of interest in ISF for FOS firms could be a similar 

reason as firms flexibility dimension. This could be due to the limited resources available 

in these firms. However, in a study on information systems planning in SMEs, Hagmann 

and McCahon (1993) find that very few consider the ability of their information systems 

to adapt or evolve to changing circumstances. The path coefficient for INS was -0.56, 

which also indicates that ISF has a negative impact on INS; this is statistically significant 

at the 1% level. It was predicted that INS will benefit from ISF as suggested by the 

literature, however, the finding was somewhat surprising to the researcher. A reason for

130

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



this might be that the contribution of IS in providing or enhancing flexibility is under - 

researched (Beach et al., 2000). In summary, this suggests that ISF is an important 

dimension to improve the performance of COS, whereas, this flexibility will not benefit 

innovative and follower strategies. This also provides an insight to the answer for the 

second research question that emphasizes the importance of ISF in enhancing COS. On 

the other hand, ISF will not help INS and FOS. The R2 value for the model indicates how 

much of the variability in ISF can be explained by these three types of strategy. The R2 of 

0.38 for Hypothesis H2d model is moderately medium, which indicates a reasonable 

explanatory power of the three strategy variables to the variations in the ISF variable.

Hypothesis H2e, which dealt with supply chain strategy dimensions (INS, COS, and FOS) 

and DLF was tested using the results from the supply chain flexibility path model (Table 

6.9, Figure 6.4, and Equation 5 of Appendix 12). The path coefficient for COS and DLF 

was 0.43 and significant at the 1% level, which indicates that COS has a positive 

relationship with DLF. This also implies that if COS increases by one unit, DLF will be 

emphasized by 47 percent. In an environment where instant satisfaction is becoming the 

standard, the ability to make a product widely available and easily accessible is critical. 

DLF captures a company’s proficiency at getting the product close to the customer 

(Vickery et al., 1999). Hal Mather (1996) comments: “Most competitors today are very 

similar with their product performance, quality and price they are not close with 

availability and delivery when needed.” The path coefficient for INS and DLF was 0.01, 

which indicates a weak positive relationship; however, this is statistically insignificant. 

The path coefficient for FOS was -0.26, which indicates a negative correlation between
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DLF and FOS and is statistically significant at the 1% level. Examining the results in 

Table 5.9 we can see that the majority of firms surveyed scored almost the same rating in 

adoption of FOS. A close analysis indicates that these firms have a small number of 

employees; this could explain why these firms do not invest in DLF. Furniture and 

Related Product Manufacturing NAICS 337 firms scored high in COS. This is consistent 

with the findings reported by Chang et al. (2003). This indicates that if FOS decreases by 

one unit, DLF will be reduced by 47 percent. The R2 value for the model indicates how 

much of the variability in DLF can be explained by these three types of strategy. The R2 

of 0.35 for Hypothesis H2e model is moderately medium, which indicates a reasonable 

explanatory power of the three strategy variables to the variations in the DLF variable. In 

summary, DLF will be very helpful for COS environment. Ironically, DLF will help 

neither INS nor FOS to improve their performance.

Based on the findings, it is salient for the manufacturer to understand and be well aware 

of which types of supply chain flexibility it should focus on. Different supply chain 

strategy requires different emphasis on supply chain flexibility dimensions. For example, 

if the operation is more focused on INS, the manufacturer should place a heavy emphasis 

on NPF to reap the first mover advantages. However, if the operation is more focused on 

COS, the manufacturers should place heavy emphasis on sourcing, product, delivery, and 

ISF dimensions to gain customer loyalty. Finally, if the operation is more focused on 

FOS, the manufacturers need no specific flexibility to achieve its performance.
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6.4.2 Supply Chain Flexibility and Supply Chain Performance Relationship

To test H3a, H3b, H3Cj and H3d the study used the path coefficients representing the direct 

effects of supply chain flexibility on supply chain performance, which are shown in Table 

6.10; the mathematical representations of the hypotheses relationship are depicted in 

Appendix 13. Hypothesis H3a, which dealt with the relationship between supply chain 

flexibility dimensions (NPF, SOF, PRF, ISF, and DLF) and NPP, was tested according to 

the results from the modified supply chain flexibility model (Table 6.10, Figure 6.4, and 

Equation 6 of Appendix 13). The standard path coefficient for NPF was 0.12 and SOF 

was 0.24; both of them are positively correlated with NPP and significant at 5% level. 

This is consistent with all empirical studies conducted in flexibility literature. For 

instance, Swamidass and Newell (1987) reported the positive effect of NPF on NPP. 

Those firms that offered various product options were able to increase their NPP 

(Bolwijn and Kumpe, 1990). Gerwin (1993), Suarez et al. (1995) and Tannous (1996) 

suggested the positive effect of sourcing flexibility on NPP. The finding that SOF has a 

significant and positive relationship with NPP suggests that workers must possess skills 

that can be used elsewhere when production volume decreases. This, in turn, implies that 

management must provide cross-functional training to their employees (Gerwin, 1993). 

In addition, developing partnership programs with key suppliers and implementation of 

just-in-time concepts can enhance SOF.

Contrary to expectations, PRF, DLF, and ISF have a negative relationship with NPP. The 

PRF path coefficient was -0.07, DEL path coefficient was -0.18, and ISF path coefficient 

was -0.10; these all show negative impact on NPP, and all of them are statistically
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insignificant. These results were somewhat surprising in that conventional wisdom has 

been that these factors would be more strongly correlated. Possible weaknesses in the 

research methodology include a lack of sufficient divergence in supply chain practice 

skill levels in survey respondents, reliance on self reporting for the factors measured, and 

lack of a standard metric assessing supply chain flexibility and supply chain performance. 

The R2 of 0.12 for hypothesis H3a model is moderately low, which suggests the low 

explanatory power of the five flexibility dimensions to the variations in the NPP. In 

summary, this means that only two dimensions of supply chain flexibility (NPF and SOF) 

out of five dimensions are significantly related to NPP.

Table 6.10

Supply Chain Flexibility and Supply Chain Performance Relationship

Hn Performance Supply Chain Flexibilities
NPF SOF PRF ISF DLF

Net Profit 0 . 1 2 * * 0 . 2 4 * * - 0 . 0 7 5 - 0 . 1 0 - 0 . 1 8
H3a (NPP) ( 0 . 1 3 ) ( 0 . 1 3 ) ( 0 . 1 3 ) ( 0 . 1 3 ) ( 0 . 1 2 )

1 . 9 7 1 . 9 0 - 0 . 5 6 - 0 . 7 5 - 1 . 4 7
Sales Growth 0 . 1 9 * * - 0  . 17 - 0 . 0 2 - 0 . 1 8 * 0 . 1 4 * *

H3b (SGP) ( 0 . 1 0 ) ( 0 . 1 1 ) ( 0 . 1 1 ) ( 0 . 1 1 ) ( 0 . 0 7 )
1 . 8 4 - 1 .  62 - 0 . 1 5 - 1 . 7 0 1 .  99

Lead Time - 0 . 1 8 0 . 1 2 * - 0 . 0 5 0 . 0 4 0 . 2 4 * *
h3c (LTP) ( 0 . 1 1 ) ( 0 . 0 6 ) ( 0 . 1 3 ) ( 0 . 1 2 ) ( 0 . 1 1 )

- 1 . 5 9 1 . 8 3 - 0 . 3 6 0 . 3 1 2 . 1 2
Customer - 0 . 1 7 * * 0 . 1 5 * * 0 . 2 1 * * 0 . 2 6 * * * 0 . 2 5 * * *

H3d Satisfaction ( 0 . 0 7 2 ) ( 0 . 0 7 6 ) ( 0 . 0 8 1 ) ( 0 . 0 7 6 ) ( 0 . 0 7 2 )
(CSP) - 2  . 40 1.  98 2 . 6 5 3 . 4 0 3 . 4 4

***1% significance level. **5% significance level. *10% significance 
level. N = 175

Hypothesis H3b — which dealt with supply chain flexibility dimensions (NPF, SOF, PRF, 

ISF, and DLF) and SGP _  was tested using the results from the modified supply chain 

flexibility model (Table 6.10, Figure 6.4, and Equation 7 of Appendix 13). This 

hypothesis revealed that NPF and DLF have a positive correlation with SGP. The
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standard path coefficient for NPF was 0.19 and significant at the 5% level, whereas the 

DLF path coefficient was 0.14 and is significant at the 5%. The findings regard the 

positive correlation between NPF and SGP also supported by previous empirical findings. 

For instance, Chang et al. (2005) reported the positive effect of NPF on SGP. Those firms 

that offered new products to enter a new market or adopt the new technology in order to 

achieve competitive advantage were able to increase their sales growth (Kumpe, 1991). 

This flexibility allows a firm to respond to changes in customers’ tastes, declining 

product life cycles, and uncertainty in sources of suppliers; it thus enables the firm to 

become a time-based competitor. The ISF path coefficient was -0.18, which has a 

negative impact on SGP and is statically significant at the 10%. This also supports our 

earlier justification that since ISF is still a relatively new dimension, management may 

not yet have recognized the linkage between ISF and SGP.

It is interesting to observe that SOF and PRF impact negatively on SGP. The path 

coefficient for SOF was -0.17 and for PRF the path coefficient was -0.02; both 

dimensions are statistically insignificant. One possible explanation for the negative 

relationship between PRF and SGP has been put forward by Gerwin (1993) who has 

suggested that increased product variety (customization) leads to complexity and 

confusion that raises overhead costs. As noted by Ettile and Penner-Hahn (1994), the true 

value of this flexibility is not realized until the next generation of products is introduced. 

McLaughlin and Victor, (1995), who conducted a research on mass customization in 

manufacturing industries, noted that the frequent lack of careful analysis of the 

investment required to support increased product variety strategies results in excess costs.
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Our result on the association between SGP and SOF is in consonance with the findings of 

Chang et al. (2003) and Gupta and Somers (1996). One possible explanation for this 

inconsistency is that both studies have been mainly from the viewpoint of a 

manufacturing system or a production system as a single entity. Another explanation for 

the inconsistency in the literature is that previous studies involved large firms whereas 

our study involved only SME firms. The R2 of 0.37 for hypothesis H3b model is 

moderately medium, which suggests the reasonable explanatory power of the five 

flexibility dimensions to the variations in the SGP. In summary, this means that two 

dimensions of supply chain flexibility NPF and DLF, out of five dimensions, are 

significantly related to SGP.

Hypothesis H3C — which dealt with supply chain flexibility dimensions (NPF, SOF, PRF, 

ISF, and DLF) and LTP _  was tested using the results from the modified supply chain 

flexibility model (Table 6.10, Figure 6.4, and Equation 8 of Appendix 13). The path 

coefficient for DLF was 0.24; this has a positive impact on LTP and is statistically 

significant at the 5% level. DEL is the company’s capability to adapt lead times to the 

customer requirements (Sa'nchez and Pe'rez, 2005). The potential of DLF to enhance the 

lead-time performance of the supply chains has been identified in the literature and is 

currently focused as an important area. Wadhwa and Rao (2003) presented the results of 

a conceptual study complemented by simulation models aimed at understanding 

manufacturing flexibility and supply chain flexibility on the lead-time performance of a 

supply chain enterprise. Wadhwa and Rao, (2003) found a significant positive 

relationship between DLF and lead-time performance. The path coefficient of SOF was
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0.12; it has a positive relationship on LTP and the t- value for this relationship indicates 

that it is significant at a level of 10% level. The path coefficient of ISF was 0.04, which 

has a weak positive relationship on LTP; this is statistically insignificant. The remaining 

two flexibility dimensions — NPF and PRF — have a negative relationship with LTP, 

and both are statistically insignificant. The R2 of 0.21 for hypothesis FLC model is 

moderately low, which suggests the low explanatory power of the five flexibility 

dimensions on the variations in the LTP. In light of this discussion, it seems reasonable to 

assume that firms adopting DLF would exhibit a higher level of LTP.

Finally, hypothesis F^d — which dealt with supply chain flexibility dimensions (NPF, 

SOF, PRF, ISF, and DLF) and CSP _  was tested using the results obtained from the 

modified supply chain flexibility path model (Table 6.10, Figure 6.4, and Equation 9 of 

Appendix 13). SMEs that achieved CSP seem to seek all the supply chain flexibility 

dimensions except NPF. The standard path coefficient for IFS was 0.26 and for DLF it 

was 0.25; both are positively correlated with CSP and significant at the 1% level. On the 

other hand, the standard path coefficient for PRF was 0.21 and for SOF was 0.15; both 

are positively correlated with CSP and both significant at the 5% level. ISF seems to have 

slightly greater impact on CSP than other flexibility dimensions. If the organization does 

effectively utilize its ISF, information is more accessible. This improves the decision

making processes and provides a competitive advantage and a satisfied customer. It 

appears that DLF has a greater impact on CSP than PRF. PRF reduces uncertainty with 

respect to meeting customer preference, and it enhances customer satisfaction by meeting 

customer specification for product performance and features. The next generation study
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(1997) shows that customer responsiveness is impacted by DLF. If the organization has 

higher DLF, it will have an opportunity to be more customer responsive with respect to 

product delivery. SOF has less impact on customer satisfaction than other flexibility 

dimensions. SOF reduces uncertainty in quantity delivered, and it increases customer 

satisfaction by providing the exact amount of product. This finding can assist managers in 

identifying sub-dimensions of supply chain flexibility that are critical to their customers. 

The data tends to support the claim that customers want a product that meets their needs 

without having to wait. The only flexibility dimension that showed a negative 

relationship with CSP is NPF. The standard path coefficient for NPF was -0.17, and this 

is statistically significant at the 5% level. Customers value the visible capabilities of PRF' 

(customization), SOF (preventing out of stock), ISF (providing instant information), and 

DLF (getting the product close to customers), because customers see how these 

capabilities can directly increase their satisfaction. While NPF is important, customers do 

not value them directly. The R2 of 0.68 for hypothesis H3d model is moderately high, 

which suggests the reasonable explanatory power of the five flexibility dimensions to the 

variations in the customer satisfaction performance. In summary, this means that four 

dimensions of supply chain flexibility (ISF, PRF, DLF, and SOF) out of five dimensions 

are significantly related to CSP.

6.4.3 Direct Effects of Supply Chain Strategy on Supply Chain Performance

To test H4a, H4b, H4c, and H4<j the regression results and the standardized path coefficients 

representing the direct effects of supply chain strategy on supply chain performance are 

shown in Table 6.11. Our tests on Hypotheses H4a, H4b, H4c, and H4(j provide partial
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empirical support for the existing theory on the relationship between supply chain 

strategy and supply chain performance. In general, the results did not support all the 

hypotheses. For hypothesis H4a, the direct effects of the three supply chain strategies 

(INS, COS, and FOS) on NPP all indicate a diverse relationship. The path coefficient for 

INS was 0.11; this has a positive relationship with NPP and it was found to be significant 

at the 5% level. On the other hand, the path coefficient for COS, at 0.042, has a weak 

positive relationship on NPP. It is significant at the 5% level; for FOS the path coefficient 

was -0.085 and this was not found to have any significant impact on NPP.

Hypothesis H4b represents the direct effects of the three supply chain strategies (INS, 

COS, and FOS) on SGP. The INS path coefficient, at 0.33, emerged as a direct significant 

predictor of SGP, and it was statistically significant at the 1% level. COS has a negative 

impact on SGP. The path coefficient for COS was -0.019, and this was statistically 

significant at the 5% level. The FOS path coefficient was 0.0019; it showed a weak 

positive relationship and was statistically insignificant.

Hypothesis H4c represents the direct effects of the three supply chain strategies (INS, 

COS, and FOS) on LTP. The COS path coefficient was 0.14; it emerged as a direct 

significant predictor of LTP and it was statistically significant at the 5% level. Clearly, 

one of the key drivers behind making COS feasible is lead-time performance. The path 

coefficient for INS was -0.062, and it was statistically significant at the 5% level. On the 

other hand, the FOS path coefficient scored -0.13; it has a negative relationship with LTP 

and was statistically significant at the 5% level. The only possible explanation of the
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negative relationship is that respondents in this category are not realizing the potential 

importance of lead-time in enhancing COS and FOS.

Table 6.11

Direct Effects of Supply Chain Strategy on Supply Chain Performance

Hn Performance Supply Chain Strategies
INS COS FOS

H 4a
Net Profit 

(NPP)
0 .1 1 **
(0.06)
1.83

0.042**
(0 .0 2 )
1.93

-0.085
(0 .1 1 )
-0.74

Path coefficient 
Standard Error 
t-Statistics 
R 2= 0 . 1 2

Sales Growth 
(SGP)

0.33*** 
(0 .1 1 ) 
3.08

-0.019**
(0 .0 1 )
-1.90

0.0019
(0.097)
0.019

Path coefficient 
Standard Error 
t-Statistics 
R 2= 0.37

H 4c
Lead Time 

(LTP)
- 0  .062** 
(0.03) 
-2.06

0.14** 
(0.06) 
2.34

-0.13** 
(0.07) 
-1.85

Path coefficient 
Standard Error 
t-Statistics 
R 2 = 0.21

H4d
Customer

Satisfaction
(CSP)

-0.14**
(0.075)
- 1 . 8 8

0. 034*** 
(0 .0 1 1 ) 
3.09

-0.063**
(0.032)
-1.97

Path coefficient 
Standard Error 
t-Statistics 
R 2 = 0.68

***1% significance level. **5% significance level. *10% significance 
level. N = 175

Hypothesis H4d represents the direct effects of the three supply chain strategies (INS, 

COS, and, FOS) on customer CSP. Also, the COS path coefficient was positively related 

to CSP. It scored 0.034 and emerged as a direct positive predictor of CSP; it was 

statistically significant at the 1% level. In the COS, it is important that firms offer service 

for solving various design and technical problems associated with customers’ requests. 

The effect of this service goes beyond satisfying customers. It is conceivable that, since 

the customer is the main focus of supply chain, the management within COS may have 

recognized this linkage with customer satisfaction. INS and FOS both have negative 

direct impact on CSP. The path coefficient for INS was -0.14 and it was statistically
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significant at 5%. On the other hand, the FOS path coefficient scored -0.063; it was 

statistically significant at 5%.

In summary, the absolute value of the standard path coefficient allows us to determine 

which strategies are more important for each supply chain performance dimensions. 

Thus, INS is the most important predictor of financial performance (NPP and SGP). COS 

is also a significant predictor of non-financial performance (LTP and CSP). The positive 

coefficients imply that performance increases as a firm’s strategic behavior increases. In 

contrast, a negative coefficient that found for FOS (-0.085), suggests that net NPP 

decreases as the extent of FOS increases.

The models differed in their ability to explain variance in type of supply chain 

performance. An examination of the adjusted R2 statistics shown in Table 6.11 indicates 

that a modest amount of variance in type of supply chain performance has been explained 

by supply chain strategy. Supply chain strategy as a whole explained from 0.12 to 0.68 of 

the variance in type of supply chain performance. The detailed output — including path 

model, LISREL syntax, and SIMPLIS syntax — is presented in Appendix 11.

6.4.4 Total Effect of Supply Chain Strategy on Supply Chain Performance

In a path model, the path coefficients not only identify the direct effect of each of the 

exogenous variables on the appropriate dependent variables, but they can also be used to 

calculate both the indirect effect and the total effects of each variable on the respective 

dependent variables. As seen in Table 6.12, the total effect is simply the sum of the direct
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effects and of all the indirect effects that occur through intervening variables. The 

strength of an indirect path is determined by computing the product of the standardized 

(direct) path coefficients that make up such a compound path. The indirect effect of a 

variable is that which is traceable through its association with other variables. Estimates 

for indirect effects are computed by tracing in the path diagram shown in Figure 6.4 from 

supply chain strategy (INS, COS, and FOS) through the five dimensions of supply chain 

flexibility (NPF, SOF, PRF, ISF, and DLF) to supply chain performance (NPP, CSP, 

LTP, and CSP). For example, the indirect effects of INS on NPP through the five 

dimensions of supply chain flexibility (NPF, SOF, PRF, ISF, and DLF) are estimated as 

the product of the coefficients for the path strategy —> flexibility and flexibility —» 

performance; this is shown in Table 6.12.

0.08 = (0.58 * 0.12) + (-0.32 * 0.24) + (-0.47 * -0.07) + (-0.56 * -0.10) + (0.01 * -0.18)

The rational for this derivation is as follows: INS has a certain direct effect on NPF 

(0.58), shown in Table 6.9, but only part of this effect, (0.12) shown in Table 6.10, is 

transmitted to NPP. The result of the indirect effect through the five flexibility 

dimensions is (0.08), shown in Table 6.12. The result of 0.08 says that the NPP level is 

expected to increase by 0.08 for every increase of one INS via its prior effect on supply 

chain flexibility. This section represents the statistical results pertaining to the total 

effects of supply chain strategy on supply chain performance through the five supply 

chain flexibility dimensions. Hypothesis Hsa examines the total effects of supply chain 

strategy on NPP (direct effect and indirect effect through supply chain flexibility
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dimensions). The total effect coefficient for INS on NPP was 0.19; it was statistically 

significant at the 5% level.

Table 6.12

Total Effects of Supply Chain Strategy on Supply Chain Performance

Innovative Strategy (INS) Customer Oriented Strategy 
(COS)

Follower Strategy (FOS)

Indirect Direct Total Indirect Direct Total Indirect Direct Total
NPP 0.08

(0.09)
0.88

0.11**
(0.06)
1.83

0.19**
(0.10)
1.90

-0.06
(0.06)
-0.97

0.042**
(0.02)
1.93

-0.01
(0.08)
-0.18

-0.05
(0.06)
-0.76

0.085*
(0.11)
-0.74

-0.13
(0.10)
-1.30

SGP 0.27***
(0.08)
3.58

0.33*** 
(0.11) 
3.08

0.60*** 
(0.09) 
6.99

-0.15**
(0.05)
-2.93

-0.019*
(0.01)
-1.90

-0.17**
(0.07)
-2.39

0.03
(0.05)
0.53

0.0019
(0.097)
0.019

0.03
(0.09)
0.35

LTP -0 .14 
(0.08) 
-1.63

-0.062**
(0.03)
-2.06

-0.20**
(0.09)
-2.11

0.18**
(0.06)
3.20

0.14** 
(0.06) 
2.34

0.32***
(0.08)
4.14

-.06
(0.06)
-1.00

-0.13**
(0.07)
-1.85

-0.19*
(0.11)
-1.79

CSP -0.39***
(0.08)
-4.92

-0.14**
(0.075)
-1.88

-0.53***
(0.08)
-6.27

0 .45*** 
(0.06) 
7.41

0.034***
(0.011)
3.09

0.48***
(0.07)
6.85

-0.17** 
(0.07) 
-2.4 6

-0.063** 
(0.032) 
-1. 97

-0.24**
(0.09)
-2.73

***1% significance level. **5% significance level. *10% significance
level. N = 175

However, the total effect coefficient for FOS was -0.13; it is negatively correlated with 

NPP (direct effect and through its effect on flexibility dimensions) and it is statistically 

insignificant. Similarly, the result o f-0.13 says that the NPP level is expected to decrease 

by 0.13 for every increase of one FOS via its prior effect on supply chain flexibility. The 

total effect coefficient for COS was -0.01, which indicates a weak negative relationship 

and this is statistically insignificant. The adjusted R2 statistics was 0.048, which indicates 

that a very low amount of variance in lead-time has been explained by the three 

strategies.

Hypothesis H5b examines the total impact of supply chain strategy on SGP (direct effect 

and indirect effect through supply chain flexibility dimensions). The total effect
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coefficient for INS was 0.60; this has a positive relationship with SGP and it is 

statistically significant at the 1% level. The total effects coefficient for COS was -0.17, 

which indicates a negative correlation with SGP, which is statistically significant at the 

5% level. However, the total effects coefficient for FOS was 0.03, which indicates a weak 

positive relationship and is statistically insignificant. The adjusted R2 of 0.18 for this 

model is moderately low, which suggests the low explanatory power of the three 

strategies to the variations in the SGP.

Hypothesis H5c examines the relationship of the total effects of supply chain strategy on 

LTP (direct effect and indirect effect through supply chain flexibility dimensions). The 

total effect coefficient for COS was 0.32; this has a positive relation with LTP and is 

statistically significant at the 1% level. However, the total effect coefficient of INS was 

-0.20; this has a negative relation with LTP and is statistically significant at the 5% level. 

On the other hand, the total effect coefficient of FOS was -0.19, which is statistically 

significant at the 10% level. The adjusted R2 of 0.18 for this model is moderately low, 

which indicates that a low amount of variance in SGP has been explained by the three 

strategies.

Hypothesis H5(j examines the impact of the total effects of supply chain strategy (direct 

effect and indirect effect through supply chain flexibility dimensions) on CSP. The total 

effect coefficient for COS was 0.48; this has a positive correlation with CSP and was 

statistically significant at the 1% level. However, the total effect coefficient for INS and 

FOS were -0.53 and -0.24, respectively. Both strategies have a negative impact on CSP
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and were statistically significant at the 1% level and the 5% level, respectively. In general 

the results presented in Table 6.12 demonstrate partial support for this hypothesis, which 

had posited that supply chain flexibility would play a mediating role between supply 

chain strategy and supply chain performance. Comparing the results in Table 6.11 for the 

direct effect of supply chain strategy on supply chain performance and the results in 

Table 6.12 for the total effects, we notice that the role of supply chain flexibility as an 

intervening variable is confirmed by the finding that COS highly influences LTP and 

CSP. The supply chain strategy enhanced performance through supply chain flexibility 

by increasing the total coefficient from 0.14 to 0.30, in the case of LTP, and from 0.034 

to 0.45, in the case of CSP. Further, INS highly influences NPP and SGP by increasing 

the total coefficient from 0.11 to 0.19, in the case of NPP, and from 0.33 to 0.60, in the 

case of SGP. Contrary to expectations, supply chain flexibility did not help COS improve 

financial performance. On the other hand, supply chain flexibility did help INS improve 

non-financial performance. The R2 of 0.26 for this model is moderately medium, which 

suggests the reasonable explanatory power of the three strategies to the variations in the 

CSP.

In summary, it was expected that any relation between supply chain strategy and supply 

chain performance would be mediated by the type of supply chain flexibility. The results 

presented in Table 6.12 demonstrate partial support for this hypothesis, which had 

claimed that supply chain flexibility would play a mediating role between supply chain 

strategy and supply chain performance. Comparing the results obtained in Table 6.11 for 

the direct effect of supply chain strategy on supply chain performance and results
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obtained in Table 6.12 for the total effect of supply chain strategy on supply chain 

performance, only some effect is seen and in some cases there is no effect at all. This 

could possibly indicate the importance of alignment role between supply chain strategy 

and supply chain flexibility in enhancing supply chain performance, which will be 

discussed in the following section. This finding is consistent with the previous studies 

such as Gupta and Somers (1996), and Ettlie and Penner-Hahn (1994). Detailed output — 

including path model, LISREL syntax and SIMPLIS syntax — are presented in Appendix 

11.

6.4.5 Alignment between Supply Chain Strategy and Supply Chain Flexibility

This section examines the relationship of the alignment issue between supply chain 

flexibility and supply chain strategy. In this analysis we only include those flexibility 

dimensions that are positively associated (i.e., aligned) with the supply chain strategy 

presented in Table 6.9. According to the findings in Table 6.9 NPF and DLF will be 

linked with INS. SOF, PRF, ISF, and DLF will be linked with COS. In other words, one 

path model will be examined including only INS and COS. The purpose of this 

examination is to highlight the importance of trade-offs and alignment between different 

types of supply chain flexibility with supply chain strategy in setting clear priorities in 

investing and developing necessary supply chain flexibility.

Table 6.13 presents the results of the direct, indirect, and total effects after the alignment 

and trade-off. In this model, INS linked with only two supply chain flexibility 

dimensions, NPF and DLF, instead of the five flexibility types. Also, in this model COS
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linked with four supply chain flexibility dimensions — SOF, PRF, ISF, and DLF — 

instead of the five flexibility dimensions. These results indicate that, due to trade-offs and 

the alignment effect, COS achieved a higher rate for CSP and LTP dimensions through 

SOF, PRF, ISF, and DLF; this compares to the results obtained in Table 6.12 for the total 

effects of supply chain strategy on supply chain performance before the trade-offs and 

alignment are considered. For instance, in Table 6.13, due to the influence of alignment 

and trade-offs, COS achieved 0.59 with CSP through these four flexibility types; this 

compares with 0.48 in Table 6.12 for the total effects through five flexibility dimensions. 

Furthermore, COS achieved 0.49 with LTP; this compares with 0.32 in Table 6.12. 

Interestingly, before the alignment and trade-offs were introduced COS negatively 

correlated with financial performance (NPP and SGP). The role of alignment and the 

tradeoff as a necessary action is confirmed by the finding that COS positively achieved 

financial performance through these four flexibility types; this compares with negative 

relationship in Table 6.12 for the total effects through five flexibility dimensions.

Also due to influence of trade-offs and alignment, for example, in Table 6.13, INS 

achieved 0.29 with NPP through these two flexibility types; this compares with 0.19 in 

Table 6.12 for the total effects through five flexibility dimensions. Interestingly, before 

the alignment and trade-offs were introduced INS negatively correlated with non- 

financial performance (LTP and CSP). The role of alignment and the tradeoff is 

confirmed by the finding that INS positively achieved non-financial performance through 

these two flexibility types; this compares with negative relationship in Table 6.12 for the 

total effects through five flexibility dimensions.
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Table 6.13

Total Effects of Supply Chain Strategy on Supply Chain Performance after alignment and

Trade-off

Performance Innovative Strategy 
(INS)

Customer Oriented Strategy 
(COS)

Direct Indirect Total Direct Indirect Total
Net Profit
Performance
(NPP)

0 . 2 1

(0.17)
1.18

0.08
(0.06)
1.32

0.29*
(0.16)
1.79

0.14
(0.27)
0.53

0 . 2 1  

(0.17) 
1.23

0.36**
(0.17)
2.15

Sales Growth
Performance
(SGP)

0 . 2 1

(0.18)
1.17

0.08
(0.06)
1.28

0.28*
(0.16)
1.74

0.31
(0.28)

1 . 1 0

0.06
(0.18)
0.31

0.37**
(0.17)
2.19

Lead Time 
performance 
(LTP)

0.18
(0.17)
1.06

0 . 1 0

(0.07)
1.56

0.29*
(0.16)
1.80

0.31
(0.28)

1 . 1 0

0.08
(0.17)
0.48

0 .4 9 *** 
(0.17) 
2.94

Customer
satisfaction
Performance
(CSP)

0 . 2 0  

(0.17) 
1 . 2 1

0.08
(0.07)
1.06

0.28*
(0.16)
1.79

0.32
(0.26)
1.24

0.27**
(0.17)
1.62

0.59***
(0.17)
3.53

***1% significance level. **5% significance level. *10% significance 
level. N = 175

In short, this section examines the impact of alignment issue between supply chain 

strategy and supply chain flexibility on supply chain performance, as well as the trade-off 

among supply chain flexibility dimensions and, consequently, completes the answer to 

the second research question. The results confirm that COS and INS achieved all 

performance dimensions after the trade-off and alignment have been considered. This is 

strong indication of the necessity of trade-offs among flexibility types and alignment 

between supply chain flexibility and supply chain strategy. This result implies that firms 

adopting INS may benefit from the NPF and DLF programs in achieving their 

performance. Our observation indicates that firms adopting COS with emphasis on SOF, 

ISF, PRF, and DLF programs are able to achieve a high degree of CSP and thus develop 

a long-term relationship with customers. Ultimately, such customer satisfaction leads to 

long-term stable sales growth and higher customer loyalty. Matching supply chain
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flexibility with dimensions of supply chain strategy is necessary to ensure NPP, SGP, 

LTP, and CSP. As Canadian firms face the challenges of various uncertainties from the 

market, competitors, and technology, they must respond by investing and developing 

specific types of supply chain flexibility that fit into their strategy. Detailed output — 

including path model, LISREL syntax, SIMPLIS syntax, and correlation matrix — for the 

alignment issue for COS with SOF, PRF, ISF, and DLF and INS with the NPF and DLF 

are presented in Appendix 14.
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CHAPTER VII 

DISCUSSION

The goals of this research study are two-fold. The primary goal has been to investigate 

the relationship among supply chain strategy, supply chain flexibility, and supply chain 

performance of SMEs within the Canadian manufacturing sector. We have also verified 

the argument in the literature which indicated that there are four types of supply chain 

strategy in the supply chain environment. The first section of this chapter discusses the 

results pertaining to the verification of the argument and is presented in the first 

investigative research question. The second section in this chapter discusses the results 

pertaining to the relationships among supply chain strategy, supply chain flexibility, and 

supply chain performance; it is presented in the second investigative research question.

The first objective is achieved through the following investigative question:

>  Are there four distinct categories of supply chain strategies in supply chain 
organizations classified as: Modularizing, Appending, Innovating, and Following?

To answer this investigative question, factor analysis using the LISREL program was 

used to confirm the existence of four groups of supply chain strategies in the supply chain 

community as proposed by the Katz et al. (2003) model. Our results show that only two 

types of these strategies are practiced in small and medium Canadian manufacturers. The 

results partially support the Katz et al. (2003) taxonomy of two strategy-types 

(Innovators and Followers), but find no evidence of the two underlying dimensions of the 

supply chain strategy that they called Modularizing and Appending.
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Interestingly, these two-supply chain strategies were replaced by a new strategy 

dimension identified in the small and medium Canadian manufacturers, which we call 

Customer-oriented strategy (COS). The four indicators which identify high loading in 

COS are as follows: offering high margin services along with the core products or 

services already being offered, effective long term material planning, offering low price 

products or services, and offering high quality products or services. In summary, the 

research data shows that the supply chain strategy adopted by the small and medium 

Canadian manufacturers surveyed can be classified into three distinct groups of supply 

chain strategy: Innovative, Customer-oriented, and Follower strategy.

From a practical standpoint, it is not surprising to observe that a significant number of 

respondents among Canadian manufacturers perceived COS as the new important 

strategy to be integrated within their supply chain paradigm. This means that the 

Canadian managers have quickly realized the importance of their customers’ role within 

their supply chain and acknowledged the fundamental requirements of supply chain 

integration. Analyzing all the definitions of supply chain provided in Table 2.1 we can 

see that the customer is the main focus in each definition, which indicates that the 

ultimate objective of any supply chain is to satisfy the end customers. In the 25-year 

period from 1975 and 2000, supply chain firms mark-downs (as a percentage of total 

sales) increase from 8% to 33% during a time in which supply chain firms sought greater 

profit margins based on increased customer satisfaction (Fisher et ah, 2000).
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Based on these observations, all activities within a supply chain should be directed or 

focused towards satisfying the customer’s needs. Years ago this most certainly was not 

the case with products being pushed into the marketplace. Customers were expected to 

be loyal to the brand and be grateful for the privilege of buying. Today it is different with 

globalization, improved communications, and more companies competing for the 

customer’s business. Customers, as a result, have more choice. They expect new 

products, better quality, shorter lead times, and reasonable prices. Hal Mather (1996) 

comments “Most competitors today are very similar with their product performance, 

quality and price. They are not close with availability and delivery when needed”. This 

means that attributes such as quality, technology, and price are very often taken for 

granted, but getting the right product to the customer in the right place at the right time is 

difficult to achieve at an acceptable cost.

Understanding true customer demand and how to satisfy it has been a key issue for 

companies in the 1990s. This also indicates that the change in customer demand plays a 

major role in influencing supply chain structures in terms of flexibility, responsiveness, 

and resource utilization, as they become more customer focused. The importance of COS 

is not only widely recognized by the researchers but also strongly emphasized by 

Canadian manufacturing managers, as highlighted by these selected comments taken 

during the interviews.

>  Not every enterprise considers the customer focus strategy of its core competency, 
but that doesn't mean that such enterprises can't benefit from a customer strategy.
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>  Customer-focused firms seek to increase the scope of their relationships with 
customers, making available a range of products and services designed to provide 
integrated interactions with customers across the enterprise.

> Customer-intimate firms may not have the most innovative products or the lowest 
prices, but their customers find that the overall configuration of products and services is 
tailored to meet their own unique, individual needs.

>  A customer portal is your company’s “face” to the world. And today’s customers are 
expecting that face to do more. They want it to clearly reflect what your company can 
offer them, and why you’re better than the competition. To do that, you need to have a 
complete customer strategy that enables you to readily deliver innovative services in a 
way that aligns with and even exceeds your customer’s expectations.

So, does every supply chain company need a customer strategy? Yes, however, each 

company will need different ways and approaches. In fact, different supply chain 

companies in the same industry may have different approaches and will, therefore, 

require very different customer strategies.

It is interesting to observe that our data has shown no evidence of modularizing and 

appending strategies in the Canadian manufacturing industry. There are two plausible 

explanations for not showing modularizing strategy in SMEs Canadian manufacturer’s 

data are as follows. First, is that the main objective of a modularizing strategy is to move 

from out-sourcing related inputs from multiple sources to buying all of the inputs, often 

assembled together, from a single source. The move to modular assembly in the 

automotive industry is one example of this behavior (Biller et al., 2002). Usually these 

types of automotive manufacturers are large organizations, such as Daimler Chrysler, 

General Motor, Toyota, Honda, etc.. In addition, the majority of large automotive 

companies have successfully reduced the number of suppliers to reduce managerial
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complexity, and most are moving towards modular assembly (Biller et al., 2002). GM’s 

Blue Macaw and Volkswagen’s Resende plants in Brazil exemplify the modularity 

assembly: doors are taken off the car after the body shop and suppliers install entire 

modules within the manufacturer’s assembly plant. Second, members of the supply chain 

following the modularization strategy posses a substantial amount of resources. For 

example, the joint venture between General Motors and Toyota, called New United 

Motor Manufacturing Inc. (NUMMI), began in 1983 with General Motors supplying the 

manufacturing plant and most of the workers and Toyota providing the car design and the 

work processes (Niland, 1989). This joint venture brought together the two largest 

automobile manufacturers in a way that had never been done before. The use of existing 

resources can be referred to as modularization in this case (Katz et al., 2003). Since most 

small- and medium-sized firms do not have many resources, this could be another 

explanation why our data did not show a modularization strategy. Therefore, since the 

current data used in this research study includes only SMEs within the Canadian 

manufacturers, these could be strong reasons why modularizing strategy variables did not 

show high loading in confirmatory factor analysis.

Similarly, the only possible explanation for appending strategy variables not showing 

high loading in the confirmatory factor analysis is that the intent of appending strategy is 

to offer a higher margin of services along with the core product or service already 

offered. In this approach, usually the supply chain community bundles goods or services 

that are presently available elsewhere with the existing goods or services, in the hope of 

gaining additional profit from end customers. The move to an appending approach in the
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service industry — such as Rogers Cable TV, Bell Canada, UPS, FedEx, etc. — is an 

example of this behavior. Rogers Cable bundles goods and services — such as Cable TV, 

Cell phone, and high speed Internet etc. — with their other services available hoping to 

gain extra profit from the customers. Other examples can be found in packaging and 

delivery companies that append logistics consulting management to existing package 

delivery services (Katz et al., 2003). Evidently, the appending strategy practice is very 

common practice in the service industry. However, since the research data deals with the 

Canadian manufacturing sector, excluding the service sector from the research sample 

could be why the research results do not show the existence of appending strategy in our 

analysis.

The discussion in this section will be devoted to studying the interrelationship among 

supply chain strategy, supply chain flexibility, and supply chain performance. First, the 

results obtained from the direct relationship between supply chain strategy and supply 

chain flexibility are discussed. Second, the discussion relates to the results obtained from 

the direct relationship between supply chain flexibility and supply chain performance 

follows. Then the discussion relates to the direct relationship between supply chain 

strategy and supply chain performance. With the completion of the direct effects of 

supply chain strategy on supply chain performance, attention turns to discussing the issue 

of the total effect of supply chain strategy on supply chain performance through supply 

chain flexibility. Finally, the discussion will be extended to elaborate on the issue of 

alignment (fit) between strategy and flexibility as well as trade-offs among flexibility 

types. The following investigative question guides the discussions:
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>  Do different types of supply chain strategy in supply chain organizations result in a 
greater emphasis on one or more supply chain flexibilities? If so, how should supply 
chain managers develop and implement supply chain flexibility, based on their supply 
chain strategies, to enhance their performance?”

Innovative supply chain organizations generally seek to acquire new opportunities for 

business and are generally the first to introduce new products to the market. According to 

the results shown in Table 6.9, supply chain organizations, pursuing INS, seem to seek 

only NPF more than any other supply chain flexibility dimensions. This, in turn, implies 

that Canadian SMEs manufacturers could still develop NPF effectively, even with their 

limited resources. In one case, the firm outsourced all R&D projects to government- 

supported R&D institutes and/or universities, including new product design, pilot test, 

and process design. This firm also teamed up with another firm to establish a long-term 

contract with suppliers, which makes it easier to adjust production levels from the aspect 

of material acquisition. Although DLF also has a positive relationship with INS, this 

relationship is very weak. One possible explanation, albeit weak, for the lack of a direct 

relationship between INS and DLF is that the innovative organizations focus more on 

introducing new products and moving quickly to market rather than on delivery issues.

The other three flexibility dimensions — SOF, PRF, and ISF — showed a direct negative 

relationship with INS. This could be because the Innovative organization may not offer a 

great deal to those dimensions of flexibility. The negative relationship may highlight that 

supply chain managers in INS do not use supply chain flexibility practice in the same 

proportion as they perceive their importance. One more possible explanation for the lack 

of a direct relationship between INS and these supply chain flexibility types could be that
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NPF appears to include other kinds of supply chain flexibility, both in general and also 

those related to specific manufacturing or operations problems.

Table 6.9 presents the findings concerning the direct impact of COS on the five supply 

chain flexibility dimensions (NPF, SOF, PRF, ISF, and DLF). According to these results, 

it is evident that customers are gaining more attention in the new supply chain paradigm. 

The customer-oriented dimension of supply chain strategy is significantly related to all 

the dimensions of supply chain flexibility identified in this research except NPF, since 

COS organizations tend to sacrifice profitability, set prices below competition, and 

provide an adequate quality and service to gain customer satisfaction. Even at the 

expense of cash flow profitability, supply chain flexibility allows Canadian 

manufacturers to increase overall supply chain performance by improving their ability to 

produce a greater variety of products, customizing products, changing the volume of 

production through sourcing, insuring fast delivery, and responding to changing market 

conditions. It is obvious that the COS should be significantly related to supply chain 

flexibility.

However, it is interesting to observe in Table 6.9 that follower supply chain strategy is 

negatively related to all the dimensions of supply chain flexibility identified in this 

research. It seems that supply chain organizations pursuing a FOS tend to limit their need 

for supply chain flexibility by narrowing the product range and reducing the frequency of 

product modification. They tend to pursue make-to-stock rather than any other type of 

strategy to reduce production costs. This strategy tends to be reactive and emphasizes the
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implementation of cost reduction and efficiency improvement methods. Overall, those 

firms do not require a high level of supply chain flexibility or, in some cases, need no 

supply chain flexibility.

The next concern in this research study is the direct impact of supply chain flexibility 

dimensions on supply chain performance. Supply chain flexibility dimensions yielded 

mixed results on performance. Our findings indicate that all the five dimensions of supply 

chain flexibility are related to financial and non-financial performance in different ways 

(see Table 6.10). For example, supply chain organizations adopting NPF achieved NPP 

and SGP but did not achieve LTP and CSP. This flexibility allows supply chain 

organizations to respond to the market need and, thus, to become a time-based 

competitor. These findings are consistent with the literature, i.e., time-based 

organizations tend to perform significantly better than their competitors who do not 

pursue time-based strategies (Stalk and Hout, 1990). It appears that Canadian 

manufacturers who are adopting NPF are seeing an impact on their overall profitability 

and an increase in their sales growth. To enhance this dimension of supply chain 

flexibility all functions within the supply chain organization — such as production, 

finance, R&D, and inventory controls — must be integrated with the marketing function. 

Similarly, improved relationships with suppliers and adequate information systems are 

essential. While NPF helps boost financial performance, it does not have a direct effect 

on non-financial performance.
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Canadian manufacturers have achieved an acceptable level of NPP through SOF. Being 

able to respond to demand volatility apparently enhances a firm’s ability to increase NPP. 

However, the results show that SOF has a negative effect on SGP. Unfortunately, 

increasing SOF does not seem to generate sufficient revenue to offset the costs associated 

with those strategies. This finding is contrary to findings obtained by Chang et al. (2003) 

and partially consistent with Vickery et al (1999). The only possible reason for this 

inconsistency is that the studies by Chang et al. (2003) and Vickery et al. (1999) were 

limited to a single industry, which may account for their similar results, while our study 

included different manufacturing industries. Because they examined a single industry, 

industry-specific attributes regarding the competitive environment might have been 

conducive to certain types of supply chain flexibility.

Canadian manufacturers have achieved moderate rates on CSP and slightly lower rates on 

LTP through SOF. This is a strong indication that Canadian manufacturers are placing a 

stronger emphasis on non-financial performance. The SOF is said to be flexible if it has 

sufficient extra supply to anticipate a sudden increase in volume. This suggests that 

workers must possess skills that can be utilized elsewhere when product volume 

decreases. This, in turn, implies that management must provide cross-function training to 

their employees (Gerwin, 1993).

PRF has direct effects only on CSP. Ironically, this flexibility has either a negative or a 

weak relationship with other supply chain performance dimensions (NPP, LTP, and 

SGP). The only explanation for this strange outcome is that a supply chain organization
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adopting PRF places a stronger emphasis on CSP than on other performance dimensions. 

It appears that Canadian manufacturers who are making products with a variety of 

options, sizes, and colors available to customers are seeing a benefit in their customer 

satisfaction.

ISF achieves a higher rate of CSP and a low rate of LTP. While ISF helps the success rate 

of non-financial performance, it has no impact on financial performance (NPP and SGP). 

It is conceivable that since ISF is still a relatively new dimension, Canadian 

manufacturing managers may not yet have recognized this linkage between ISF and 

financial performance. Additionally, our results indicate that most Canadian 

manufacturers have not taken advantage of emerging information technology to enhance 

collaboration with their suppliers for improving their supply chain flexibility.

Interviews with three managers responsible for information systems (IS) were conducted 

and focused on (1) the importance of IS flexibility, (2) the types of IS used, (3) the 

flexibility of IS, and (4) the effect of IS on value chain flexibility. The prime reason for 

adopting IS is a desire to improve customer service and not a financial objective, which 

clearly supports our findings discussed in earlier paragraphs. The three IS managers 

indicated that they started to use IS after a customer request; for most this was defensive 

not offensive. The adoption was required in order to “stay in the market”. Firms view IS 

as a capability to service customers not to increase sales growth or make profit, while 

flexibility from an IS is not a stated objective. However, the intent, to improve
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responsiveness, is external, i.e., the flexibility benefits customers and so the focus is 

external.

It is interesting to observe that Canadian manufacturers have achieved exceptionally high 

rates of SGP, LTP, and CSP through DLF. Achieving CSP and LTP comes as no surprise 

since, in a society where instant satisfaction is becoming the norm, Canadian 

manufacturers have realized the importance of making the product widely available and 

easily accessible to their customers. Due to the level of competition in this area, most 

Canadian manufacturers are now offering this flexibility and can no longer use this as 

competitive advantage. While DLF contributes to achieving these performance 

dimensions, it has a negative impact on NPP. This finding is consistent with other 

research, such as Chang et al. (2003) and Vickery et al. (1999).

This finding suggests that Canadian manufacturers must invest resources and time to 

develop DLF through effective reverse logistics programs and adequate IS support. In 

general, achieving high customer satisfaction, good lead-time, and improved sales growth 

can also be accomplished by offering the customer different modes of transportation, 

delivering urgent requests with different and faster modes available, offering different 

options for delivery dates of orders, and offering a different number of distribution 

channels.

The next issue in this section discusses the direct impact of supply chain strategies on 

supply chain performance. In general, the findings partially support the notion of the
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positive impact of strategy on performance frequently cited in the literature. The 

relationship between strategy and performance is well established in the literature and has 

been researched in various perspectives such as resource based, organizational learning 

theories, and supply chain perspectives. Table 6.11 presented the results of the direct 

effects of supply chain strategy on supply chain performance. The relationship between 

these two variables appears to be significant in some situations and insignificant in other 

situations. A significant and positive association between INS and Canadian 

management’s use of financial performance and a significant and positive association 

between COS and Canadian management’s use of non-financial measures for 

performance evaluation has been found. The results in Table 6.11 indicate that overall, 

INS and COS recorded significantly higher coefficients on all factors of supply chain 

performance compared to FOS companies. The significant and positive relationship 

between INS and financial performance is supported by previous research (Venkatraman, 

1989; Gupta and Somers, 1996; Chang et al., 2003). The directions (signs) of the 

relationship between FOS and performance are consistent with those obtained by Gupta 

and Somers (1996). One possible explanation for the unexpected findings could be that 

our respondents were not careful in filling out this section of the questionnaires. The 

other possibility could be a weakness in the research instrument design. In any event, the 

inconsistencies in results suggest the need for additional field studies in this area.

It was expected that any relations between supply chain strategy and supply chain 

performance would be mediated by a type of supply chain flexibility. The results 

presented in Table 6.12 for the total effects of supply chain strategy on supply chain

162

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



performance (direct effect and indirect effect through the five flexibility dimensions) 

demonstrated partial support for the concept, which had claimed that supply chain 

flexibility would play a mediating role between supply chain strategy and the supply 

chain performance of firms. The role of supply chain flexibility dimensions as 

intervening variables is confirmed by the finding that COS achieved higher rates of CSP 

and LTP. In case of COS findings presented in Table 6.12 shows that COS increased 

from 0.14 to 0.32 of LTP after considering indirect effect of strategy on performance 

through flexibility dimensions. Also, COS increased from 0.034 to 0.48 of CSP after 

considering indirect effect of strategy on performance through flexibility dimensions. In 

case, of INS findings presented in Table 6.12 shows that that INS increased from 0.11 to 

0.19 of NPP after considering indirect effect of strategy on performance through 

flexibility dimensions. Also, INS increased from 0.33 to 0.60 of SGP after considering 

indirect effect of strategy on performance through flexibility dimensions. In other words 

that flexibility indirectly enhanced the total effect of strategy on performance.

Contrary to expectations, INS had negative total effects on non-financial performance 

and COS also had negative total effects on financial performance. While, indirect effects 

improved INS in achieving higher rates of the financial performance, the indirect effect 

did not help INS to achieve non-financial performance. Similarly, the indirect effects that 

improved COS to achieve higher rates of non-financial performance, the indirect effect 

did not help COS to achieve financial performance. In general, INS had no indirect 

effects on non-financial performance, and COS had no indirect effect on financial 

performance. The only possible explanation for the unexpected results is that part of the
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relationship between supply chain strategy and supply chain performance is indirect 

through other flexibility dimensions that are not included in this research study. Some of 

the five supply chain flexibility dimensions included in the study possibly are 

inappropriate to the supply chain strategy.

This finding also has very important management implications. Many researchers have 

observed the trade-off among various supply chain flexibility dimensions. Since most 

small- and medium-sized firms do not have many resources, it is important that they set 

clear priorities in investing and developing supply chain flexibility that match their 

supply chain strategy. Alternatively, it is necessary that firms review existing supply 

chain flexibility during the process of developing supply chain strategy. It may be 

counter-productive for a firm to enhance supply chain flexibility without changing its 

strategy (Milgrom and Roberts, 1990). For example, marketing may not take advantage 

of new opportunities resulting from supply chain flexibility. Narrain et al. (2000) suggest 

that some flexibility types and levels chosen may conflict with or overlap one another. As 

a result, the strategic supply chain flexibility types and levels must be reconciled by 

determining what flexibility is necessary, sufficient, and competitive

Now that the total effects (direct and indirect) of relationships between supply chain 

strategy and supply chain flexibility dimensions have been analyzed, attention can turn to 

the issue of trade-offs among supply chain flexibility types and alignment (fit) between 

these two constructs. What has been largely missing is practical advice on which
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dimension of supply chain flexibility best fits with the various types of supply chain 

strategies those companies adopt.

We have begun to address the issue of trade-off and alignment (fit) between the type of 

supply chain strategy and the supply chain flexibility approach that will best help the firm 

to cope with uncertain conditions. We examine the relationship of alignment between 

supply chain flexibility and supply chain strategy and to verify the impact of trade-off 

among flexibility types on performance. The purpose of this examination is to help 

managers to set clear priorities in investing and developing necessary supply chain 

flexibility.

This research found that there is a significant positive relation between supply chain 

strategy, supply chain flexibility alignment, and the improvement of performances. 

However, it may be argued that there are many other factors that may contribute to the 

improvement of performance. The alignment and the trade-offs in this research are not 

the ‘necessary and sufficient’ factors to supply chain performance improvement. There 

are, indeed, many other factors. The alignment and trade-offs are among those factors.

It is helpful to compare the results presented in Tables 6.12 for total effect before the 

alignment and trade-offs were introduced with the results presented in Table 6.13 for total 

effect after the trade-offs were introduced. The results presented in Table 6.12 show the 

total effect of three supply chain strategies through five supply chain flexibility types 

while the results in Table 6.13 present the total effect of two supply chain strategies
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linked to different types of supply chain flexibility. INS linked with only two out of five 

flexibility types (NPF and DLF) whereas, COS was linked with four (SOF, PRF, ISF, and 

DLF) out of five flexibility types. The results demonstrated a strong support for the 

concept, which had posited that trade-offs among supply chain flexibility types and 

alignment with the supply chain strategy would play a major role in achieving supply 

chain performance. The role of trade-offs and alignment as a necessary step was 

confirmed by the finding that INS and COS achieved all dimensions of supply chain 

performance after the trade-offs and alignment have been introduced. The coefficients 

were not as high as before the trade-offs and the alignment were introduced. However, 

both strategies managed to achieve all the required dimensions of supply chain 

performance identified in this research (Table 6.13). The conclusion is that only when the 

trade-off among flexibility types is considered and supply chain strategy and supply chain 

flexibility are in alignment, can supply chain flexibility improve supply chain 

performance. These findings have very important management implications.

(1) Strategy, flexibility and performance relationship

In this research, evidence is provided that manufacturing managers should not increase 
all dimensions of supply chain flexibility to improve their organizations performance. 
Our results indicated that innovative strategy firms must invest time and resources in 
developing new product flexibility and delivery flexibility to achieve their supply chain 
performance. Customer oriented strategy is required to invest heavily in developing 
sourcing, product, delivery, and information systems flexibility to improve their supply 
chain performance. Follower strategy needs no investment in any specific type of 
flexibility dimensions that focus on cost reduction implementation.

(2) Alignment o f supply chain strategy and supply chain flexibility

Empirical studies in supply chain flexibility literature have not investigated the alignment 
of specific dimensions of supply chain strategy with types of supply chain flexibility. So
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implementing all types of flexibility does not necessarily benefit supply chain 
performance. Our study confirmed to the management the necessity of alignment (fit) 
between supply chain strategy and supply chain flexibility, and that such a fit pays off in 
performance.

(3) Trade-offs among supply chain flexibility types

Trade-offs could exist between supply chain flexibility types. Indeed, in some 
circumstances, the trade-offs that must be made between flexibility types may restrict 
competitiveness (Hill and Chambers, 1991). Within this context, Canadian manufacturing 
managers must be know about and understand the nature of trade-offs that may exist 
between different dimensions of supply chain flexibility. For example, are organizations 
more likely to favor and promote one type of flexibility over another?

(4) Supply chain flexibility and information systems

Information systems are becoming critical to many manufacturing organizations who 
want to be a world class manufacturer (Fu Ho, 1996). Our results, supported by the 
findings reported in Table 6.10, indicate that most Canadian manufacturers have not 
taken the advantage of emerging information systems to achieve supply chain 
performance. In order to achieve the performance demanded by the new business 
environment, Canadian manufacturers must reconsider how they use information systems 
(hardware and software) to effectively enhance information systems flexibility and 
improve overall supply chain performance.
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CHAPTER VIII 

CONCLUSIONS

This chapter presents the conclusions of the thesis. It consists of four sections: summary 

of the research, contributions of the research, limitations of the research, and conclusion 

and further research.

8.1 In Summary

In today’s competitive environment, markets are becoming more international, dynamic, 

customer driven, and highly uncertain. Customers are demanding more variety and better 

quality and service, including both reliability and faster delivery. This suggests that in 

order to be competitive in the marketplace, a supply chain is required to be able to 

produce various products and deliver to the market at an acceptable speed and cost. This 

implies that flexibility is an important competitive advantage that a supply chain should 

pursue to win the intense competition.

The research study had two main objectives. The first objective was to empirically verify 

the argument in the literature which indicates that there are four types of supply chain 

strategy in the supply chain environment proposed by previous research. The second 

objective was to empirically investigate the relationship between supply chain strategy, 

supply chain flexibility, and supply chain performance of small and medium enterprises 

within Canadian manufacturers.
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A total of 1,500 surveys were mailed throughout Canada to small and medium firms 

selected randomly from the 2005 Scott Directory. The industries selected for this study 

are presented by the North American Industry Classification System (NAICS). A total of 

197 questionnaires were returned and 22 of these were eliminated due to missing data. 

This yielded 175 usable responses, representing a response rate of about 11.66%. The 

sample is described in Table 5.4

To verify the supply chain strategy and examine the relationship among strategy, 

flexibility, and performance in the supply chain context, a modified research model and 

five groups of hypotheses were developed. These were based on the literature on 

manufacturing flexibility and SCM. A confirmatory factor analysis was employed to 

validate the proposed supply chain strategy model, and a path analysis model was used to 

examine the relationships among model constructs.

There were two stages of statistical analysis. In the first stage, the research verified the 

validity of the supply chain strategy framework from Katz et al. (2003). Confirmatory 

factor analysis was applied using the LISREL program to verify if four groups of supply 

chain strategy converge. However, the model did not fit the Canadian manufacturing 

data. Then exploratory factor analysis with varmix rotation using the SPSS program was 

used. SPSS output for exploratory factor analysis revealed that three factors are clearly 

defined with high loading (Table 6.2). We concluded that our test for Hypothesis one 

(Hi) partially supported the taxonomy of four strategy-types (Innovative, Modularizing, 

Appending and Follower) from Katz et al. (2003). However, we found no evidence of the
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two underlying dimensions of supply chain strategy that they call Modularizing and 

Appending. Interestingly, a new strategy called Customer-oriented strategy was identified 

in the Canadian manufacturing data. The three strategies found in the results are as 

follows: Innovative strategy (INS), Customer-oriented strategy (COS), and Follower 

strategy (FOS).

Next, confirmatory factor analysis (CFA) was applied to test the modified supply chain 

strategy model using the LISREL program. The CFA results shown in Figure 6.2 

indicated that the modified supply chain strategy model exhibited a good overall fit. 

Clearly, we failed to reject the model and had a good fit with the value of RMSEA = 

0.066. This meant that a modified supply chain strategy is consistent with the research 

data, or this model does fit the Canadian Manufacturing data.

The second statistical technique was path analysis using the LISREL program, which 

tested the relationships between the supply chain strategy, supply chain flexibility, and 

supply chain performance, as shown in Figure 6.4. Four different groups of hypotheses 

were developed and tested to reach the desired results. The first test concerned the direct 

relationship between supply chain strategy and supply chain flexibility dimensions. The 

results of this statistical analysis showed that there is a positive relation in some cases. 

Second, the direct relationship between flexibility dimensions and supply chain 

performance was examined. The results of the statistical analysis also showed mixed 

outcomes, indicating a positive relationship in some situations. Third, the direct 

relationship between supply chain strategy and performance was tested. The results of the
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statistical analysis showed that there is both a positive and negative relation. Finally, the 

total effect relationship between supply chain strategy and supply chain performance 

(direct and indirect through flexibility dimensions) was also examined and compared 

with the indirect effect relation. The results of the statistical analysis also showed a 

partial support of the relationship in the case of total effect. However, the interesting 

results showed the importance of alignment between supply chain strategy and supply 

chain flexibility and the trade-offs among flexibility types in improving supply chain 

performance. This means that supply chain companies should select and develop types of 

supply chain flexibility consistent with their supply chain strategy. Many researchers 

have observed the nature of trade-offs among various flexibility dimensions and 

alignment issues. Since most small- and medium-sized firms do not have many resources, 

it is important that they set clear priorities in investing and developing supply chain 

flexibility that match their supply chain strategy. Alternatively, it is necessary that firms 

review existing supply chain flexibility dining the process of developing supply chain 

strategy. It may be counter-productive for a firm to enhance supply chain strategy without 

implementing appropriate supply chain flexibility dimensions (Narrian et al., 2000).

8.2 Contribution

This completed research study makes a significant and original contribution to 

knowledge in the field of operations management in a number of ways. The study 

extends the current literature on flexibility, which focuses on manufacturing flexibility. 

This extension is important with the advent of SCM concepts in the last two decades, and 

it will make a significant original contribution to the SCM literature. With the increasing
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popularity of the supply chain concept, the interest in research in this area is a growing

concern.

To the best of our knowledge, this research is the first to test the relationships among 

strategy, flexibility, and performance in the supply chain context. Also, as one can best 

ascertain, this is the first known empirical study that tests this relationship within the 

supply chain. The simultaneous testing of the relationships between supply chain 

flexibility types and supply chain strategy provides key insights into the supply chain 

attributes necessary to enable a firm to achieve a higher supply chain performance.

Since the supply chain flexibility is relatively new, no meaningful research has been done 

to establish comprehensive research to assess the effectiveness of supply chain strategy 

and supply chain flexibility dimensions on supply chain performance. Especially in the 

Canadian manufacturing industry, no comprehensive empirical research has been 

conducted to assess such an issue.

In this research, a modified theoretical framework that included a new supply chain 

strategy dimension was identified and the results of statistical analysis were provided to 

enhance our understanding of the specific effect of supply chain strategy on supply chain 

performance in the Canadian manufacturing industry. The modified framework and 

statistical results will help the academic community to understand the relationships 

among the constructs and Canadian managers to understand the potential returns of 

supply chain flexibility.
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8.3 Limitation and Further Research

Although we think that this study takes a step towards better understanding of how 

supply chain flexibility is managed and implemented, it can certainly be improved. The 

measures of supply chain flexibility dimensions and supply chain dimensions used to rate 

the supply chain organizations are a possible limitation of the research study. Although 

the use of single indicators to measure supply chain flexibility could limit the 

generalization of the statistical results, there is no right way to combine multiple 

indicators underlying a multidimensional concept (Fynes, 1998). On the other hand, there 

are researchers who advocate the use of single indicators for better efficiency in social 

science studies (Drolet and Morrison, 2001; and Oke, 2005). In any case, the statistical 

results obtained are mostly consistent with previous research studies. Research in the area 

of supply chain flexibility should try to establish operationally useful measurement 

criteria across different industries to facilitate empirical study. However, since there has 

yet to be a consensus in the literature on the appropriate measures of supply chain 

flexibility and supply chain strategy dimensions, we see the measures employed in this 

thesis as contributing to the ongoing debate.

The other promising research area concerns the role that new supply chain networks will 

play in the global economy. The global supply chain is growing very fast, helped by the 

support of information technology and communication systems currently available in the 

marketplace. The research study was limited to manufacturing industry in the Canadian 

geographical region. The geographical size and culture differences would affect the 

results of the study. Most of the domestic supply chain business interactions in Canada
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usually take place within provinces with a similar culture. In contrast, when supply chain 

business interactions are conducted in a larger geographical area, such as international 

trade, the results would be different. It will be very interesting to see if there are regional 

variations when compared to the findings of this research study.

While financial and non-financial measures of performance are preferred in the 

operations management literature, our focus is on only two financial and two non

functional performances. Future studies of the interface between supply chain strategy 

and supply chain flexibility might extend this study by incorporating more financial 

performance measures, such as rate on investment and market share as well as non- 

financial performance measures that include efficiency metrics and new product 

introduction. It would be worthwhile to expand research in future studies to include these 

factors.

Another limitation of this study is related to the size of the sample. It is suggested that 

further research needs to be undertaken using a larger sample of supply chain 

organizations. Though the sample in the study represents several industries, the research 

study focused only on small- and medium-sized firms. We recommend that managers use 

caution in generalizing the findings of this study to larger firms, which could be included 

in future research endeavors.
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8.4 Conclusions

The statistical analysis of the results have revealed the emergence of a new supply chain 

strategy dimension in the supply chain community. This strategy focuses on customer 

satisfaction in the supply chain paradigm, and confirms the importance of the customer 

role in developing an effective and efficient supply chain strategy. In this research study, 

evidence is provided that supply chain managers should not increase all dimensions of 

supply chain flexibility in their drive to improve their supply chain’s performance. Some 

dimensions of supply chain flexibility may have a counterproductive effect, and others 

may not significantly contribute to overall performance goals. Consequently, trade-offs 

among supply chain flexibility types and the alignment of supply chain strategy and 

supply chain flexibility are necessary for a firm to achieve better performance. Firms 

should invest resources and time to develop appropriate supply chain flexibility 

dimensions to fit into their supply chain strategies. This is implies that the supply chain 

strategy and supply chain flexibility must be in alignment for supply chain flexibility to 

contribute to the improvement of supply chain performance. The research results 

supported by the findings reported in Table 6.10 indicate that four out of the five supply 

chain flexibility dimensions examined had a positive direct relationship with customer 

satisfaction performance (i.e., non-financial performance). This is strong evidence that 

success in business today is not solely determined by a strong cash flow or meeting a 

financial budget. Instead, developing appropriate flexibilities, competency, and skills in 

areas such as team-based problem solving, customer service, quality, and innovation are 

much more important. These are, however, not easily measured in financial terms.
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Appendix 1

Different Types of flexibility in the Operations Management Literature and Manufacturing
Flexibility Literature

No Type of flexibility Reference
001 Access flexibility Gerwin (1993) Vickery et al. (1999)
002 Action flexibility Mandelbaum (1978)
004 Actual flexibility Gerwin (1993)
005 Adaptation flexibility Zelenovic (1982)
006 Aggregate flexibility Sethi & Sethi, (1990), Chen e ta l  (1992)
007 Automation flexibility Parthasarthy and Sethi, (1993)
008 Capacity flexibility Merchant (1983),
009 Capital flexibility Dixon et al. (1990)
010 Changeover flexibility Gerwin (1993)
011 Changing pre-existing product 

flexibility
Dixon et al. (1990)

012 Component flexibility Benjaafar and Ramakrishnan (1996)
013 Control flexibility, Taymaz (1989)
014 Coordination flexibility Sanchez (1995)
015 Corporate flexibility Gupta (1993)
016 Customer flexibility Berman Kayis and Sami Kara (2005)
017 Cycle flexibility Azzone and BerteleA (1991)
018 Delivery flexibility Suarez et al. (1991)
019 Demand management flexibility Zhang et al. (2002)
020 Design flexibility Zelenovic (1982)
021 Distribution flexibility Vickery etal. (1999)
022 Economic flexibility Lepibov et al. (1984)
023 Elementary flexibility Azzone and BerteleA (1989)
024 Employment flexibility Teresa Hanratty (2000)
025 Equipment flexibility Naraasimhan and Das (2000)
026 Exit flexibility Ybarra and Wiersema (1999)
027 Expansion flexibility Browne et al. (1984)
028 Facility flexibility Emelyanov et al. (1990)
029 Failure flexibility Das (1996)
030 Financial flexibility Atkinson (1984) Teresa Hanratty (2000)
031 Functional flexibility Atkinson (1984) Teresa Hanratty (2000)
032 Human Resource flexibility Buzacott (1982), Gerwin (1982)
033 Information Systems flexibility Vokurka et al. (2003)
034 Information technology flexibility Weill, P., (1993)
035 Infrastructure flexibility Chen et al. (1992)
036 Instantaneous flexibility Zelenovich (1982)
037 Job flexibility Buzacott (1982)
038 Labor flexibility Zhang et al. (2002)
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039 Launch flexibility Vickery et al. (1999)
040 Launching new products Dixon et al. (1990)
041 Layout flexibility Benjaafar and Ramakrishnan (1996)
042 Logistics flexibility Zhang et al. (2002), Vokurka et al. (2003)
043 Machine flexibility Browne et al. (1984)
044 Manpower flexibility Dixon et al. (1990), Chen et al. (1992)
045 Manufacturing flexibility Naraasimhan and Das (2000), Zhang et al. 

(2002))
046 Market flexibility Sethi & Sethi (1990), Ward et al (1995), 

Vokurka et al. (2003)
047 Material flexibility Browne et al. (1984), Sethi & Sethi (1990)
048 Materials handling flexibility Browne et al. (1984), Sethi & Sethi (1990)
049 Method flexibility Gerwin (1993)
050 Mix flexibility Gerwin (1993)
051 Modification flexibility Gerwin (1993), Zhang et al. (2002)
052 New design flexibility Suarez et al. (1996)
053 New product flexibility Suarez et al. (1991), Zhang et al. (2002)
054 Numerical flexibility Atkinson (1984) and Teresa Hanratty (2000)
055 Operational flexibility Naraasimhan and Das (2000)
056 Operations flexibility Browne et al. (1984), Sethi & Sethi (1990)
057 Operations system flexibility Vokurka et al. (2003)
058 Organizational flexibility Vokurka et al. (2003)
059 Output flexibility Dixon et al. (1990)
060 Overall control flexibility Fidov et al. (1982)
061 Overall production flexibility Taymaz (1989)
062 Personnel flexibility Fidov et al. (1982)
063 Physical distribution flexibility Zhang et al. (2002)
064 Physical supply flexibility Zhang et al. (2002)
065 Plant flexibility, Correa (1994), Slack (1987), Swamidass (1988)
066 Potential flexibility Nilsson and Nordahl (1995)
067 Process flexibility, Browne et al. (1984), Skinner (1985)
068 Processor flexibility Benjaafar and Ramakrishnan (1996)
069 Product concept flexibility Zhang et al. (2002)
070 Product development flexibility Pujawan, (2004)
071 Product flexibility Browne et al. (1984), Skinner (1985)
072 Production flexibility Browne et al. (1984)
073 Program flexibility Sethi & Sethi (1990), Chen et al. (1992)
074 Promptness flexibility Bartezzaghi and Turco (1989)
075 Prototype flexibility Zhang et al. (2002)
076 Purchasing flexibility Zhang et al. (2002)
077 Replied flexibility, Nilsson and Nordahl (1995)
078 Requested flexibility Nilsson and Nordahl (1995)
089 Required flexibility Gerwin (1993)
080 Resource flexibility Sanchez (1995)
081 Responsiveness flexibility Gerwin (1993)
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082 Routing flexibility Browne et al. (1984), Gerwin (1993)
084 Scope flexibility Parthasarthy and Sethi (1992)
085 Sequencing flexibility Benjaafar and Ramakrishnan (1996)
086 Service flexibility Chang et al. (2003)
087 Sourcing flexibility Pujawan, (2004)
088 Spanning flexibility Zhang et al. (2002)
089 Speed flexibility Parthasarthy and Sethi (1992)
090 State flexibility Mandelbaum (1978)
091 Strategic flexibility Hayes and Pisano (1994)
092 Strategy development flexibility Zhang et al. (2002)
093 Structural flexibility Emelyanov et al. (1990)
094 Supply flexibility Vokurka et al. (2003)
095 System flexibility Han & Ahn, (1992)
096 Tactical flexibility Naraasimhan and Das (2000
097 Technological flexibility Azzone and BerteleA (1989)
098 Tool supply flexibility Fidov et al. (1982)
099 Transfer flexibility Barad and Sipper (1988)
100 Transportation flexibility Fidov et al. (1982)
101 Variety flexibility D’Souza and Williams (2000)
102 Volume flexibility Browne et al. (1984), Gerwin (1993)
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Appendix 2

Definitions of Manufacturing Flexibility Dimensions

Flexibility Type Definition
a / Machine Range of operations that a piece of equipment can perform without 

incurring a major setup
a / Material 
handling

Capabilities of a material handling process to move different parts 
throughout the manufacturing system

a / Operations Number of alternative processes or ways in which a part can be 
produced within the system

b /Automation Extent to which flexibility is housed in the automation 
computerization of manufacturing technologies

c / Labor Range of tasks that an operator can perform within the 
manufacturing system

a / Process Number of different parts that can be produced without incurring a 
major setup

a / Routing Number of alternative paths a part can take through the system in 
order to be completed. (Or the ability to reroute the production 
flow should a breakdown occur in one of the production stages)

a / Product Time it takes to add or substitute new parts into the system.
d/ New design Speed at which products can be designed and introduced into the 

system
c/ Delivery Ability of the system to respond to changes in delivery requests
a/ Volume Range of output levels that a firm can economically produce 

products
a / Expansion Ease at which capacity may be added to the system
a / Program Length of time the system can operate unattended
a / Production Range of products the system can produce without adding new 

equipment
a / Market Ability of the manufacturing system to adapt to changes in the 

market environment

a Definitions adapted from Sethi and Sethi 1990 and Gupta and Somers 1992. 
b Definitions adapted from Parthasarthy and Sethi 1993. 
c Definitions adapted from Slack 1983.
d Definitions adapted from Dixon 1990 and Suarez et al. 1995, 1996.

Sources Vokurka and O ’Learv-Kellv (20001
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Appendix 3 
Final Version of the Questionnaire

Survey Questionnaire on; An Empirical Study of the Relationships Among Strategy. 
Flexibility and Performance in the Supply Chain Context;

A Path Analysis Approach

ABOUT YOUR COMPANY

Company name_________________________________________________________________
Address

Position within company__________________________________________

1- What type of manufacturing industry are you in (Tick the relevant area)

Automotive
Computer
Household
Electronics
Furniture
Medical
Metal and Mining
Sports and Leisure
Textile
Pharmaceutical
Other (Specify)

2- How many employees are there in your company (Tick the relevant area)

Micro 0-9
Small 10-99
Medium 100-499
Large 500-999
Very Large 1000+

3- What products do you produce

4- What is your approximate turnover?

5- Approximately how many years your organization practiced supply chain
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A.I. Supply Chain Strategy

Over the past 3 years, please indicate the importance of each of the following items in 

accomplishing your supply chain strategy.

Least Extremely
Important Important

Q-01: frequency of product innovation 1 2 3 4 5 6 7

Q-02: offering high margin services along with the core 1 2 3 4 5 6 7

products or services already being offered

Q-03: a fewer number of outsourcing related inputs 1 2 3 4 5 6 7

Q-04: increase in worker productivity 1 2 3 4 5 6 7

Q-05: creating new knowledge and competencies 1 2 3 4 5 6 7

unavailable elsewhere

Q-06: offering goods or services that are available else where 1 2 3 4 5 6 7

Q-07: offering high level of quality in products or services 1 2 3 4 5 6 7

Q-08: using low cost component parts 1 2 3 4 5 6 7

Q-09: offering new goods or services that have not 1 2 3 4 5 6 7

previously offered

Q-10: leveraging existing competencies 1 2 3 4 5 6 7

Q -ll: leveraging knowledge and resources that does not 1 2 3 4 5 6 7

exist elsewhere

Q-12: using common component parts 1 2 3 4 5 6 7

Q-13: using new technology to do something unique 1 2 3 4 5 6 7

Q-14: effective long term material planning 1 2 3 4 5 6 7

Q -l5: offering low price products or services 1 2 3 4 5 6 7

Q-16: implementing low cost production 1 2 3 4 5 6 7

Compared with the company’s major competitors, how rapidly do you adopt new 
manufacturing technology and introduce new products to the market?

Late Early
Q -l7: timing of adopting new production technology 1 2 3 4 5 6 7

Q-l 8: timing of introducing new products to the market 1 2 3 4 5 6 7
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A.2. Supply Chain Flexibility

The operational definition of supply chain flexibility for this research is “the ability of supply 
chain partners to restructure their operations, align their strategies, and share the 
responsibility to respond rapidly to customers’ demand at each link of the chain, to produce a 
variety of products in the quantities, costs, and qualities that customers expect, while still 
maintaining high performance.”

The following questions are related to five different types of supply chain flexibility as defined 
below in notes. What is the extent of the overall ability o f  your system over the past 3 years with 
respect to?

New Product Flexibility
Low High

Ql: Developing a number of new products per year 1 2 3 4 5 6 7

Q2: Performing design activities concurrently 1 2 3 4 5 6 7

Q3 involving and supporting design of suppliers in new product 1 2 3 4 5 6 7

development

Q4: Using computer-aided design and aided-manufacturing, to 1 2 3 4 5 6  7

create new products

Q5: Handling a number of new product development projects in 1 2 3 4 5 6 7

design at a given time and at reasonable cost

Q6: Managing the cost and time to perform new design activities 1 2 3 4 5 6 7

concurrently

Q7: Managing the time and cost to development new products 1 2 3 4 5 6 7

Sourcins Flexibility
Low High

Q8: Operating efficiently and profitably at different levels of 1 2 3 4 5 6  7

output

Q9: Your relationship with suppliers in managing the changing 1 2 3 4 5 6 7

environment

Q 10: Your suppliers coping with changing production volume 1 2 3 4 5 6 7

and variety
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Low High
Ql l :  Range of delivery frequency and possible order sizes 1 2 3 4 5 6 7

Q12: Costs and time implication of changing the schedule 1 2 3 4 5 6 7

Q13: Managing reasonably the cost of switching from one 1 2 3 4 5 6 7

supplier to another

Q14: Managing the time and cost needed for outsourcing 1 2 3 4 5 6 7

changing requirements

Q15: Cost of changing delivery times of order placed with 1 2 3 4 5 6 7

suppliers

Product Flexibility

Low High

Q16: Modifying features and specifications of existing products 1 2 3 4 5 6 7

Q17 .'Managing varying mix of products in the market place 1 2 3 4 5 6 7

Q18:Managing large number of different designs from many 1 2 3 4 5 6 7

standard modules

Q 19: Postponing product configurations until the customer orders 1 2 3 4 5 6 7

are specified

Q20: Managing set up time and cost for most of the machines. 1 2 3 4 5 6 7

Q21: Managing the time and cost of performing difficult and non 1 2 3 4 5 6 7

standard products

Q22: Managing the cost and time of changing the production 1 2 3 4 5 6 7

product mix in the plant

Delivery Flexibility
Low High

Q23: Managing the varying number of delivery modes available 1 2 3 4 5 6 7

per product

Q24: Delivering urgent requests with different and faster modes 1 2 3 4 5 6 7

of transportation

Q25: Handling one or more delivery order of a customer from 1 2 3 4 5 6 7

more than one warehouses, distribution channels or factories
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Low High

Q26: Managing small delivery order quantity from the customer 1 2 3 4 5 6 7

can be satisfied

Q27: The time and the cost implications of changing the delivery 1 2 3 4 5 6 7

due dates

Q28: The cost of mixing different products into a delivery load 1 2 3 4 5 6 7

Q29: Managing the cost of delay in meeting customers orders 1 2 3 4 5 6 7

Q30: Managing the time and the cost implications of changing the 1 2 3 4 5 6 7

quantity and types of products to be delivered

Information systems Flexibility
Low High

Q31: The degree of commonality of information systems for 

supporting changing requirements

Q32: Speeding the flow of information throughout the supply 

chain network

Q33: The ease with which changes can be made to the IT 

hardware and software

Q34: Meeting varying information needs from existing 

information systems

Q35: The efficiency of the existing information systems 

applications to integrate with other systems applications 

Q36: Managing time and cost for exchanging the required 

information

Q37: Managing time and cost for installing and maintaining IT 

applications

Q38: The cost of updating the IT systems to support changing 

requirements

2 3 4 5 6 7

2 3 4 5 6 7

2 3 4 5 6 7

2 3 4 5 6 7

2 3 4 5 6 7

2 3 4 5 6 7

2 3 4 5 6 7

2 3 4 5 6 7
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Supply Chain Flexibility Definitions

New product flexibility: The ability of supply chain functions whether internal or external to 

collaborate and coordinates to produce completely new products in response to the market demand 

in a timely and cost effective approach.

Sourcins flexibility: The ability of supply chain functions whether internal or external to respond in a 

timely and cost effective approach to changing requirements of purchased components (increasing or 

decreasing) profitably to meet customer demand.

Product flexibility. The ability of supply chain functions whether internal or external to develop 

customized product or upgrade existing ones in a timely and cost effective approach to meet special 

customer specifications.

Delivery flexibility: The ability of the integrated logistic system functions whether internal or 

external to distribute and deliver the products from the raw material source to the final customer in a 

timely and cost effective approach.

Information systems flexibility: The ability of supply chain information systems (whether internal or 

external) to share the required information and support changing requirements of the business with 

respect to the changing customer’s request.
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A.3. Supply Chain Performance

Please indicate how each of the following performance measures compares with those of your 
major competitors.

Q- 01: Average net profit 

Q- 02: Average sales growth rate 

Q- 03: Order lead-time 

Q- 04: Response time to customer query time 

Q- 05: Level of customer perceived value of product 

Q- 06: Level of service systems to meet particular 

customer needs

Very Weak
2

2

2

2

2

2

3

3

3

3

3

3

4

4

4

4

4

4

5

5

5

5

5

5

Very Strong 
7

7

7

7

7

7

Your response is extremely valuable for my dissertation. I thank you for taking your valuable 
time to complete this questionnaire. You can either submit the completed questionnaire by fax 
(613-520-4427), or send it to the address below.

Kamel Fantazy Ph.D. Candidate 
Eric Sprott School of Business 

Carleton University 
710 Dunton Tower,

1125 Colonel By Drive 
Ottawa, ON K1S 5B6
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I f  you would like to provide additional information or comments, regarding the use o f supply chain 
flexibility program in your organization please use extra sheet(s) o f paper provided to your 
convenience below. I f  you would like a copy o f the results o f this study, please include your 
address/business card.
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Appendix 4 
Research Cover Letter
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Appendix 5

2002 NAICS Definitions used in this research 
31-33 Manufacturing

31-33 Manufacturing

The industries on this appendix are classified according to the North American Industry 
Classification System (NAICS) of 2002. Statistics Canada maintains this standard 
classification which has superseded the 1980 Standard Industrial Classification (SIC) 
previously used.

This sector comprises establishments primarily engaged in the physical or chemical 
transformation of materials or substances into new products. These products may be 
finished, in the sense that they are ready to be used or consumed, or semi-finished, in the 
sense of becoming a raw material for an establishment to use in further manufacturing. 
Related activities, such as the assembly of the component parts of manufactured goods; 
the blending of materials; and the finishing of manufactured products by dyeing, heat- 
treating, plating and similar operations are also treated as manufacturing activities. 
Manufacturing establishments are known by a variety of trade designations, such as 
plants, factories or mills. Manufacturing establishments may own the materials which 
they transform or they may transform materials owned by other establishments. 
Manufacturing may take place in factories or in workers' homes, using either machinery 
or hand tools.

314 Textile Product Mills

Industries in the Textile Product Mills subsector group establishments that make textile 
products (except apparel). With a few exceptions, processes used in these industries are 
generally cut and sew (i.e., purchasing fabric and cutting and sewing to make nonapparel 
textile products, such as sheets and towels).

333 Machinery Manufacturins

Industries in the Machinery Manufacturing subsector create end products that apply 
mechanical force, for example, the application of gears and levers, to perform work. 
Some important processes for the manufacture of machinery are forging, stamping, 
bending, forming, and machining that are used to shape individual pieces of metal. 
Processes, such as welding and assembling are used to join separate parts together. 
Although these processes are similar to those used in metal fabricating establishments, 
machinery manufacturing is different because it typically employs multiple metal 
forming processes in manufacturing the various parts of the machine. Moreover, complex 
assembly operations are an inherent part of the production process.
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In general, design considerations are very important in machinery production. 
Establishments specialize in making machinery designed for particular applications. 
Thus, design is considered to be part of the production process for the purpose of 
implementing NAICS. The NAICS structure reflects this by defining industries and 
industry groups that make machinery for different applications. A broad distinction exists 
between machinery that is generally used in a variety of industrial applications (i.e., 
general purpose machinery) and machinery that is designed to be used in a particular 
industry (i.e., special purpose machinery). Three industry groups consist of special 
purpose machinery—Agricultural, Construction, and Mining Machinery Manufacturing; 
Industrial Machinery Manufacturing; and Commercial and Service Industry Machinery 
Manufacturing. The other industry groups make general-purpose machinery: Ventilation, 
Heating, Air Conditioning, and Commercial Refrigeration Equipment Manufacturing; 
Metalworking Machinery Manufacturing; Engine, Turbine, and Power Transmission 
Equipment Manufacturing; and Other General Purpose Machinery Manufacturing.

334 Computers and Electronic Product Manufacturing

Industries in the Computer and Electronic Product Manufacturing subsector group 
establishments that manufacture computers, computer peripherals, communications 
equipment, and similar electronic products, and establishments that manufacture 
components for such products. The Computer and Electronic Product Manufacturing 
industries have been combined in the hierarchy of NAICS because of the economic 
significance they have attained. Their rapid growth suggests that they will become even 
more important to the economies of all three North American countries in the future, and 
in addition their manufacturing processes are fundamentally different from the 
manufacturing processes of other machinery and equipment. The design and use of 
integrated circuits and the application of highly specialized miniaturization technologies 
are common elements in the production technologies of the computer and electronic 
subsector. Convergence of technology motivates this NAICS subsector. Digitalization of 
sound recording, for example, causes both the medium (the compact disc) and the 
equipment to resemble the technologies for recording, storing, transmitting, and 
manipulating data. Communications technology and equipment have been converging 
with computer technology. When technologically-related components are in the same 
sector, it makes it easier to adjust the classification for future changes, without needing to 
redefine its basic structure. The creation of the Computer and Electronic Product 
Manufacturing subsector will assist in delineating new and emerging industries because 
the activities that will serve as the probable sources of new industries, such as computer 
manufacturing and communications equipment manufacturing, or computers and audio 
equipment, are brought together. As new activities emerge, they are less likely therefore, 
to cross the subsector boundaries of the classification.

335 Electrical Equipment. Appliance, and Component Manufacturing

Industries in the Electrical Equipment, Appliance, and Component Manufacturing 
subsector manufacture products that generate, distribute and use electrical power. Electric 
Lighting Equipment Manufacturing establishments produce electric lamp bulbs, lighting
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fixtures, and parts. Household Appliance Manufacturing establishments make both small 
and major electrical appliances and parts. Electrical Equipment Manufacturing 
establishments make goods, such as electric motors, generators, transformers, and 
switchgear apparatus. Other Electrical Equipment and Component Manufacturing 
establishments make devices for storing electrical power (e.g., batteries), for transmitting 
electricity (e.g., insulated wire), and wiring devices (e.g., electrical outlets, fuse boxes, 
and light switches).

336 Transportation Equipment Manufacturins

Industries in the Transportation Equipment Manufacturing subsector produce equipment 
for transporting people and goods. Transportation equipment is a type of machinery. An 
entire subsector is devoted to this activity because of the significance of its economic size 
in all three North American countries. Establishments in this subsector utilize production 
processes similar to those of other machinery manufacturing establishments - bending, 
forming, welding, machining, and assembling metal or plastic parts into components and 
finished products. However, the assembly of components and subassemblies and their 
further assembly into finished vehicles tends to be a more common production process in 
this subsector than in the Machinery Manufacturing subsector. NAICS has industry 
groups for the manufacture of equipment for each mode of transport - road, rail, air and 
water. Parts for motor vehicles warrant a separate industry group because of their 
importance and because parts manufacture requires less assembly, and the establishments 
that manufacture only parts are not as vertically integrated as those that make complete 
vehicles. Land use motor vehicle equipment not designed for highway operation (e.g., 
agricultural equipment, construction equipment, and materials handling equipment) is 
classified in the appropriate NAICS subsector based on the type and use of the 
equipment.

337 Furniture and Related Product Manufacturins

Industries in the Furniture and Related Product Manufacturing subsector make furniture 
and related articles, such as mattresses, window blinds, cabinets, and fixtures. The 
processes used in the manufacture of furniture include the cutting, bending, molding, 
laminating, and assembly of such materials as wood, metal, glass, plastics, and rattan. 
However, the production process for furniture is not solely bending metal, cutting and 
shaping wood, or extruding and molding plastics. Design and fashion trends play an 
important part in the production of furniture. The integrated design of the article for both 
esthetic and functional qualities is also a major part of the process of manufacturing 
furniture. Design services may be performed by the furniture establishment's work force 
or may be purchased from industrial designers.

Furniture may be made of any material, but the most common ones used in North 
America are metal and wood. Furniture manufacturing establishments may specialize in 
making articles primarily from one material. Some of the equipment required to make a 
wooden table, for example, is different from that used to make a metal one. However, 
furniture is usually made from several materials. A wooden table might have metal
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brackets, and a wooden chair a fabric or plastics seat. Therefore, in NAICS, furniture 
initially is classified based on the type of furniture (application for which it is designed) 
rather than the material used. For example, an upholstered sofa is treated as household 
furniture, although it may also be used in hotels or offices.

When classifying furniture according to the component material from which it is made, 
furniture made from more than one material is classified based on the material used in the 
frame, or if there is no frame, the predominant component material. Upholstered 
household furniture (excluding kitchen and dining room chairs with upholstered seats) is 
classified without regard to the frame material. Kitchen or dining room chairs with 
upholstered seats are classified according to the frame material.

Furniture may be made on a stock or custom basis and may be shipped assembled or 
unassembled (i.e., knockdown). The manufacture of furniture parts and frames is 
included in this subsector. Some of the processes used in furniture manufacturing are 
similar to processes that are used in other segments of manufacturing. For example, 
cutting and assembly occurs in the production of wood trusses that are classified in 
Subsector 321, Wood Product Manufacturing. However, the multiple processes that 
distinguish wood furniture manufacturing from wood product manufacturing warrant 
inclusion of wooden furniture manufacturing in the Furniture and Related Product 
Manufacturing subsector. Metal furniture manufacturing uses techniques that are also 
employed in the manufacturing of roll-formed products classified in Subsector 332, 
Fabricated Metal Product Manufacturing. The molding process for plastics furniture is 
similar to the molding of other plastics products. However, plastics furniture producing 
establishments tend to specialize in furniture.

NAICS attempts to keep furniture manufacturing together, but there are two notable 
exceptions: seating for transportation equipment and laboratory and hospital furniture. 
These exceptions are related to that fact that some of the aspects of the production 
process for these products, primarily the design, are highly integrated with that of other 
manufactured goods, namely motor vehicles and health equipment.

Sources: http://www.census.gov/epcd/naics02/naicod02.htm
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Appendix 6
CFA Correlation Matrix for Supply Chain Strategy Model

SCSI SCS5 SCS9 SCS13 SCS17 SCS18 SCS2 SCS6 SCS10 SCS14 SCS3 SCS7 SCS11 SCS15 SCS4 SCS8 SCS12 SCS16
SCSI 1.00
SCS5 0.70 1.00
SCS9 0.68 0.74 1.00
SCS13 -0.50 -0.55 -0.65
SCS17 0.75 0.83 0.78
SCSI 8 0.79 0.81 0.79
SCS2 -0.25 -0.34 -0.16
SCS6 -0.47 -0.53 -0.55
SCS10 -0.40 -0.39 -0.51
SCS14 0.00 -0.05 -0.05
SCS3 0.28 0.30 0.35
SCS7 -0.05 -0.14 0.01
SCS11 -0.18 -0.20 -0.24
SCS15 -0.05 -0.12 -0.09
SCS4 -0.38 -0.42 -0.47
SCS8 -0.21 -0.27 -0.13
SCS12 -0.45 -0.38 -0.31
SCS16 -0.36 -0.39 -0.47

1.00
-0.59 1.00
-0.59 0.88 1.00
-0.13 -0.35 -0.34 1.00
0.61 -0.52 -0.53 -0.28 1.00
0.66 -0.42 -0.42 -0.15 0.51
-0.20 -0.08 -0.08 0.52 -0.23
-0.21 0.35 0.33 -0.05 -0.25
-0.13 -0.13 -0.10 0.58 -0.24
0.37 -0.20 -0.16 -0.34 0.35
-0.10 -0.17 -0.15 0.59 -0.24
0.49-0.41 -0.46 -0.23 0.72
-0.14 -0.29 -0.29 0.84 -0.29
0.33-0.39 -0.45 -0.06 0.54
0.44 -0.37 -0.44 -0.27 0.63

1.00 
-0.15 1.00 
-0.25 0.10 1.00 
-0.13 0.53 0.07 1.00 
0.28 -0.22 -0.12 -0.29 1.00 
-0.10 0.66 0.02 0.55 -0.24 
0.40-0.12-0.26-0.19 0.30 

-0.17 0.58 0.06 0.58 -0.34
0 .31 -0.17 -0.20 -0.15 0 .23 
0.36-0.12-0.21-0.20 0.26

1.00 
-0.20 1.00 
0.60-0.22 1.00 

-0.27 0.68-0.10 1.00
-0.19 0.72 -0.23 0.57 1.00
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Appendix 7
LISERL CFA out put for Supply Chain Strategy Model with Syntax 

ATE: 12/13/2006
TIME: 16:11

L I S R E L 8.72 
BY

Karl G. JQreskog & Dag Snrbom

This program is published exclusively by 
Scientific Software International, Inc.

7383 N. Lincoln Avenue, Suite 100 
Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140 
Copyright by Scientific Software International, Inc., 1981-2005 

Use of this program is subject to the terms specified in the 
Universal Copyright Convention.

Website: www.ssicentral.com
The following lines were read from file C :\Documents and 
Settings\kamel\Desktop\KATZ CFA\KATZ CFA MODEL.SPJ:
KATZ CFA MODEL 
Observed Variables
SCSI SCS5 SCS9 SCS13 SCS17 SCS18 SCS2 SCS6 SCS10 SCS14
SCS3 SCS7 SCS11 SCS15 SCS4 SCS8 SCS12 SCS16
Covariance Matrix from file 'C:\Documents and Settings\kamel\Desktop\KATZ 

CFA\Katzm.cor.txt1 
Sample Size = 175 
Latent Variables INS MDS APS FOS 
Relationships 
SCSI = INS 
SCS5 = INS 
SCS9 = INS 
SCS13 = INS
SCS17 = INS MDS APS FOS
SCS18 = INS MDS APS FOS
SCS2 = MDS
SCS6 = MDS
SCS10 = MDS
SCSI4 = MDS
SCS3 = APS
SCS7 = APS
SCS11 = APS
SCSI5 = APS
SCS4 = FOS
SCS8 = FOS
SCS12 = FOS
SCSI6 = FOS
Set the Variance of INS to 1.00 
Set the Variance of MDS to 1.00
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Set the Variance of APS to 1..00
Set the Variance of FOS to 1..00
Set the Error Covariance of SCS2 and SCS5 Free
Set the Error Covariance of SCS10 and SCSI3 Free
Set the Error Covariance of SCS10 and SCS6 Free
Set the Error Covariance of SCS3 and SCS6 Free
Set the Error Covariance of SCS3 and SCS10 Free
Set the Error Covariance of SCS15 and SCSI4 Free
Set the Error Covariance of SCS4 and SCS6 Free
Set the Error Covariance of SCS8 and SCS13 Free
Set the Error Covariance of SCS12 and SCS9 Free
Set the Error Covariance of SCS12 and SCS2 Free
Set the Error Covariance of SCS12 and SCSI5 Free
Set the Error Covariance of SCS12 and SCS8 Free
Path Diagram
End of Problem
Sample Size = 175
KATZ CFA MODEL

Covariance Matrix 
CSC1 SCS5 SCS9 SCS13 SCS17 SCS18

CSC1 1.00
SCS5 0.70 1.00
SCS9 0.68 0.74 1.00

SCS13 -0.50 -0.55 -0.65 1.00
SCS17 0.75 0.83 0.78 -0.59 1.00
SCS18 0.79 0.81 0.79 -0.59 0.88 1.00
SCS2 -0.25 -0.34 -0.16 -0.13 -0.35 -0.34
SCS6 -0.47 -0.53 -0.55 0.61 -0.52 -0.53

SCS10 -0.40 -0.39 -0.51 0.66 -0.42 -0.42
SCS14 - - -0.05 -0.05 -0.20 -0.08 -0.08
SCS3 0.28 0.30 0.35 -0.21 0.35 0.33
SCS7 -0.05 -0.14 0.01 -0.13 -0.13 -0.10

SCS11 -0.18 -0.20 -0.24 0.37 -0.20 -0.16
SCS15 -0.05 -0.12 -0.09 -0.10 -0.17 -0.15
SCS4 -0.38 -0.42 -0.47 0.49 -0.41 -0.46
SCS8 -0.21 -0.27 -0.13 -0.14 -0.29 -0.29

SCS12 -0.45 -0.38 -0.31 0.33 -0.39 -0.45
SCS16 -0.36 -0.39 -0.47 0.44 -0.37 -0.44

Covariance Matrix
SCS2 SCS6 SCS10 SCS14 SCS3 SCS7

SCS2 1.00
SCS6 -0.28 1.00

SCS10 -0.15 0.51 1.00
SCS14 0.52 -0.23 -0.15 1.00
SCS3 -0.05 -0.25 -0.25 0.10 1.00
SCS7 0.58 -0.24 -0.13 0.53 0.07 1.00

SCS11 -0.34 0.35 0.28 -0.22 -0.12 -0.29
SCS15 0.59 -0.24 -0.10 0.66 0.02 0.55
SCS4 -0.23 0.72 0.40 -0.12 -0.26 -0.19
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SCS8 0.84 -0.29 -0.17 0.58 0.06
SCS12 -0.06 0.54 0.31 -0.17 -0.20
SCS16 -0.27 0.63 0.36 -0.12 -0.21

Covariance Matrix
SCS11 SCS15 SCS4 SCS8 SCS12

SCS11 1.00
SCS15 -0.24 1.00
SCS4 0.30 -0.20 1.00
SCS8 -0.34 0.60 -0.22 1.00

SCS12 0.23 -0.27 0.68 -0.10 1.00
SCS16 0.26 -0.19 0.72 -0.23 0.57

0.58
-0.15
- 0 . 2 0

SCS16

1 . 0 0

INS

MDS

APS

FOS

Correlation Matrix of :
INS MDS

i  1.00

! -0.20 1.00
(0.08)
-2.51

! -0.09 0.91
(0.10) (0.05)
-0.98 18.63

! -0.54 -0.42
(0.07) (0.08)
-8.22 -5.48

APS

1 . 0 0

-0.47
(0.08)
-5.59

FOS

1 . 0 0

Goodness of Fit Statistics
Degrees of Freedom = 111 

Minimum Fit Function Chi-Square = 560.89 (P = 0.0)
Normal Theory Weighted Least Squares Chi-Square = 420.14 (P = 0.0) 

Estimated Non-centrality Parameter (NCP) = 309.14 
90 Percent Confidence Interval for NCP = (250.07; 375.79)

Minimum Fit Function Value = 3.22 
Population Discrepancy Function Value (F0) = 1.78 

90 Percent Confidence Interval for F0 = (1.44; 2.16)
Root Mean Square Error of Approximation (RMSEA) = 0.13 
90 Percent Confidence Interval for RMSEA = (0.11; 0.14)

P-Value for Test of Close Fit (RMSEA < 0.05) = 0.00

Expected Cross-Validation Index (ECVI) = 3.10 
90 Percent Confidence Interval for ECVI = (2.76; 3.49)

ECVI for Saturated Model =1.97 
ECVI for Independence Model = 24.98 

Chi-Square for Independence Model with 153 Degrees of Freedom = 4310.£
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Independence AIC = 4346.94 
Model AIC = 540.14 

Saturated AIC = 342.00 
Independence CAIC = 4421.90 

Model CAIC = 790.03 
Saturated CAIC = 1054.18

Normed Fit Index (NFI) =0.87 
Non-Normed Fit Index (NNFI) =0.85 

Parsimony Normed Fit Index (PNFI) = 0.63 
Comparative Fit Index (CFI) = 0.89 
Incremental Fit Index (IFI) = 0.89 
Relative Fit Index (RFI) = 0.82

Critical N (CN) = 47.09

Root Mean Square Residual (RMR) =0.22 
Standardized RMR = 0.23 

Goodness of Fit Index (GFI) = 0.79 
Adjusted Goodness of Fit Index (AGFI) =0.67 
Parsimony Goodness of Fit Index (PGFI) =0.51

Time used: 0.063 Seconds

TI KATZ CFA MODEL 
DA NI=18 NO=175 MA=KM 
LA
CSC1 SCS5 SCS9 SCSI3 SCS17 SCS18 SCS2 SCS6 SCS10 SCS14
SCS3 SCS7 SCS11 SCS15 SCS4 SCS8 SCS12 SCS16
CM FI='C :\Documents and Settings\kamel\Desktop\KATZ CFA\Katzm.cor.txt1 SY 
MO NX=18 NK=4 TD=SY 
LK
INS MDS APS FOS
FR LX(1,1) LX(2,1) LX (3,1) LX(4,1) LX(5,1) LX(5,2) LX(5,3) LX(5,4) LX(6,1)
FR LX(6,2) LX(6,3) LX(6,4) LX(7,2) LX(8,2) LX(9,2) LX(10,2) LX(11,3) LX(12,3)
FR LX(13,3) LX(14,3) LX(15,4) LX(16,4) LX(17,4) LX(18,4) TD(7,2) TD(9,4)
TD(9,8)
FR TD(11,8) TD(11,9) TD(14,10) TD(15,8) TD(16,4) TD(17,3) TD(17,7) TD(17,14) 
TD(17,16)
PD
OU
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Appendix 8

Scree Plot for the Research Data

Scree Plot
8
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Appendix 9
CFA Correlation Matrix for Modified Supply Chain Strategy 

Model

SCS17SCS18 SCS9 SCS5 SCSI SCS13 SCS10 SCS3 SCS4 SCS8 SCS16 SCS12 SCS6 SCS2 SCS14 SCS1S SCS7 SCS11

SCS17 1
SCS18 0.78 1
SCS9 0.88 0.79 1
SCS5 0.83 0.74 0.81 1
SCSI 0.75 0.68 0.79 0.70 1
SCS13 -0.59 -0.65 -0.59 -0.55 -0.50 1
SCS10 -0.42 -0.51 -0.42 -0.39 -0.40 0.66 1
SCS3 0.35 0.35 0.33 0.30 0.28 -0.21 -0.25 1
SCS4 -0.35 -0.16 -0.34 -0.34 -0.25 -0.13 -0.15 -0.05 1
SCS8 -0.08 -0.05 -0.08 -0.05 0.01 -0.20 -0.15 0.10 0.52 1
SCS16 -0.17 -0.09 -0.15 -0.12 -0.05 -0.10 -0.10 0.02 0.59 0.66 1
SCS12 -0.13 0.01-0.10 -0.14 -0.05 -0.13 -0.13 0.07 0.58 0.53 0.55 1
SCS6 -0.20 -0.24 -0.16 -0.20 -0.18 0.37 0.28 -0.12 -0.34 -0.22 -0.24 -0.29 1
SCS2 -0.41 -0.47 -0.46 -0.42 -0.38 0.49 0.40 -0.26 -0.23 -0.12 -0.20 -0.19 0.30 1
SCS14 -0.39 -0.31 -0.45 -0.38 -0.45 0.33 0.31 -0.20 -0.06 -0.17 -0.30 -0.15 0.23 0.68 1
SCS15 -0.37 -0.47 -0.44 -0.39 -0.36 0.44 0.36-0.21-0.27-0.12-0.20 -0.2 0.26 0.72 0.57
SCS7 -0.52 -0.55 -0.53 -0.53 -0.47 0.61 0.51 -0.25 -0.28 -0.23 -0.20 -0.24 0.35 0.72 0.54
SCS11 -0.56 -0.62 -0.60 -0.54 -0.55 0.61 0.51 -0.33 -0.28 -0.32 -0.30 -0.36 0.40 0.72 0.67
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APPENDIX 10

LISERL CFA out put for the Modified Supply Chain Strategy Model with Syntax 

DATE: 12/13/2006
TIME: 16:59

L I S R E L  8.72 
BY

Karl G. Jareskog & Dag Snrbom

This program is published exclusively by 
Scientific Software International, Inc.

7383 N. Lincoln Avenue, Suite 100 
Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140 
Copyright by Scientific Software International, Inc., 1981-2005 

Use of this program is subject to the terms specified in the 
Universal Copyright Convention.

Website: www.ssicentral.com
The following lines were read from file C :\Documents and 
Settings\kamel\Desktop\MSCS M\MODIFIED SUPPLY CHAIN STRATEGY MODEL.SPJ:
TI MODIFIED SUPPLY CHAIN STRATEGY MODEL 
Observed Variables
SCS17 SCS9 SCS18 SCS5 SCSI SCS13 SCS10 SCS3 SCS2 SCS14 
SCS15 SCS7 SCS11 SCS4 SCS12 SCS16 SCS6 SCS8
Correlation Matrix from file 'C:\Documents and Settings\kamel\Desktop\MSCS 

M\SCSMM.cor.txt'
Sample Size = 175
Latent Variables INS COS FOS
Relationships
SCS17 = INS
SCS9 = INS
SCS18 = INS
SCS5 = INS
SCSI = INS
SCS13 = INS
SCS10 = INS
SCS3 = INS
SCS2 = COS
SCS14 = COS
SCS15 = COS
SCS7 = COS
SCS11 = COS
SCS4 = FOS
SCSI2 = FOS
SCSI6 = FOS
SCS6 = FOS
SCS8 = FOS
Set the Variance of INS to 1.00

215

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

http://www.ssicentral.com


Set the Variance of COS to 1 .00
Set the Variance of FOS to 1,.00
Set the Error Covariance of SCS10 and SCSI3 Free
Set the Error Covariance of SCS15 and SCSI4 Free
Set the Error Covariance of SCS12 and SCS9 Free
Set the Error Covariance of SCS12 and SCS2 Free
Set the Error Covariance of SCS12 and SCS4 Free
Set the Error Covariance of SCS16 and SCS4 Free
Set the Error Covariance of SCS16 and SCSI2 Free
Set the Error Covariance of SCS6 and SCS4 Free
Set the Error Covariance of SCS8 and SCSI6 Free
Set the Error Covariance of SCS8 and SCS6 Free
Path Diagram
End of Problem 
Sample Size = 175
TI MODIFIED SUPPLY CHAIN STRATEGY MODEL

Correlation Matrix
SCS17 SCS9 SCSI 8 SCS5 SCSI

SCS17 1.00
SCS9 0.78 1.00

SCS18 0.88 0.79 1.00
SCS5 0.83 0.74 0.81 1.00
SCSI 0.75 0.68 0.79 0.70 1.00

SCS13 -0.59 -0.65 -0.59 -0.55 -0.50
SCS10 -0.42 -0.51 -0.42 -0.39 -0.40
SCS3 0.35 0.35 0.33 0.30 0.28
SCS2 -0.35 -0.16 -0.34 -0.34 -0.25

SCS14 -0.08 -0.05 -0.08 -0.05 -  -

SCS15 -0.17 -0.09 -0.15 -0.12 -0.05
SCS7 -0.13 0.01 -0.10 -0.14 -0.05

SCS11 -0.20 -0.24 -0.16 -0.20 -0.18
SCS4 -0.41 -0.47 -0.46 -0.42 -0.38

SCS12 -0.39 -0.31 -0.45 -0.38 -0.45
SCS16 -0.37 -0.47 -0.44 -0.39 -0.36
SCS6 -0.52 -0.55 -0.53 -0.53 -0.47
SCS8 -0.56 -0.62 -0.60 -0.54 -0.55

Correlation Matrix
SCS10 SCS3 SCS2 SCS14 SCS15

SCS10 1.00
SCS3 -0.25 1.00
SCS2 -0.15 -0.05 1.00

SCSI 4 -0.15 0.10 0.52 1.00
SCS15 -0.10 0.02 0.59 0.66 1.00
SCS7 -0.13 0.07 0.58 0.53 0.55

SCS11 0.28 -0.12 -0.34 -0.22 -0.24
SCS4 0.40 -0.26 -0.23 -0.12 -0.20

SCS12 0.31 -0.20 -0.06 -0.17 -0.27
SCS16 0.36 -0.21 -0.27 -0.12 -0.19
SCS6 0.51 -0.25 -0.28 -0.23 -0.24
SCS8 0.51 -0.33 -0.28 -0.32 -0.33
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SCS13

1 . 0 0
0 . 6 6

- 0 . 2 1
-0.13
- 0 . 2 0
- 0 . 10
-0.13
0.37
0.49
0.33
0.44
0.61
0.61

SCS7

1 . 0 0
-0.29
-0.19
-0.15
- 0 . 2 0
-0.24
-0.36
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Correlation Matrix
SCS11 SCS4 SCS12 SCSI6 SCS6 SCS8

SCS11 1.00
SCS4 0.30 1.00

SCS12 0.23 0.68 1.00
SCS16 0.26 0.72 0.57 1.00
SCS6 0.35 0.72 0.54 0.63 1.00
SCS8 0.40 0.72 0.67 0.59 0.76 1.00

TI MODIFIED SUPPLY CHAIN STRATEGY MODEL
Number of Iterations = 1 9
LISREL Estimates (Maximum Likelihood)

Measurement Equations 
Correlation Matrix of Independent Variables

INS COS FOS

INS 1.00

COS -0.27
(0.08)
-3.42

1.00

FOS -0.65
(0.05)
-14.42

-0.41
(0.07)
-5.98

1.00

Goodness of Fit Statistics
Degrees of Freedom = 122 

Minimum Fit Function Chi-Square = 221.93 (P = 0.00)
Normal Theory Weighted Least Squares Chi-Square = 213.95 (P = 0.00) 

Estimated Non-centrality Parameter (NCP) = 91.95 
90 Percent Confidence Interval for NCP = (55.14 ; 136.61) 

Minimum Fit Function Value = 1.28 
Population Discrepancy Function Value (F0) = 0.53 

90 Percent Confidence Interval for F0 = (0.32 ; 0.79)
Root Mean Square Error of Approximation (RMSEA) = 0.066 
90 Percent Confidence Interval for RMSEA = (0.051 ; 0.080) 

P-Value for Test of Close Fit (RMSEA < 0.05) = 0.041

Expected Cross-Validation Index (ECVI) = 1.79 
90 Percent Confidence Interval for ECVI = (1.58 ; 2.05)

ECVI for Saturated Model = 1.97 
ECVI for Independence Model = 27.44

Chi-Square for Independence Model with 153 Degrees of Freedom = 4739.31
Independence AIC = 4775.31 

Model AIC = 311.95 
Saturated AIC = 342.00

217

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Independence CAIC = 4850.27 
Model CAIC = 516.02 

Saturated CAIC = 1054.18

Normed Fit Index (NFI) =0.95 
Non-Normed Fit Index (NNFI) =0.97 

Parsimony Normed Fit Index (PNFI) = 0.76 
Comparative Fit Index (CFI) =0.98 
Incremental Fit Index (IFI) =0.98 
Relative Fit Index (RFI) = 0.94

Critical N (CN) = 127.42 
Root Mean Square Residual (RMR) = 0.11 

Standardized RMR = 0.11 
Goodness of Fit Index (GFI) =0.98 

Adjusted Goodness of Fit Index (AGFI) = 0.83
Parsimony Goodness of Fit Index (PGFI) =0.63

The Modification Indices Suggest to Add the 
Path to from Decrease in Chi-Square New Estimate

Time used: 0.047 Seconds
TI MODIFIED SUPPLY CHAIN STRATEGY MODEL 
DA NI=18 NO=175 MA=KM 
LA
SCSI7 SCS9 SCS18 SCS5 SCSI SCS13 SCS10 SCS3 SCS2 SCS14
SCS15 SCS7 SCS11 SCS4 SCSI2 SCS16 SCS6 SCS8
CM FI='C :\Documents and Settings\kamel\Desktop\MSCS M\SCSMM.cor.txt' SY 
MO NX=18 NK=3 TD=SY 
LK
INS COS FOS
FR LX(1,1) LX(2,1) LX(3,1) LX(4,1) LX(5,1) LX(6,1) LX(7,1) LX(8,1) LX(9,2) 
FR LX(10,2) LX(11,2) LX(12,2) LX(13,2) LX(14,3) LX(15,3) LX(16,3) LX(17,3) 
LX(18,3)
FR TD(7,6) TD(11,10) TD(15,2) TD(15,9) TD(15,14) TD(16,14) TD(16,15)
TD(17,14) TD(18,16)
FR TD(18,17)
PD
OU

Goodness of Fit Statistics

Measure RECOMMENDED Actual
RMSEA <0.08 0.066
CFI >0.90 0.98
NFI >0.90 0.95
NNFI >0.90 0.97

Time used: 0.063 Seconds
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APPENDIX 11

LISERL Path Analysis output for the Supply Chain Flexibility Model with
S y n t a x  a n d  C o r r e l a t i o n  M a t r i x

DATE: 12/11/2006
TIME: 19:26 

L I S R E L 8.72 
B Y

Karl 6. Jnreskog & Dag Snrbom
This program is published exclusively by 
Scientific Software International, Inc.

7383 N. Lincoln Avenue, Suite 100 
Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140 
Copyright by Scientific Software International, Inc., 1981-2005 

Use of this program is subject to the terms specified in the 
Universal Copyright Convention.

Website: www.ssicentral.com
The following lines were read from file C :\Documents and 
Settings\kamel\Desktop\FMPM\pathmodel.SPJ:
TI MODIFIED SUPPLY CHAIN FLEXIBILITY PATH MODEL 
Observed Variables
INS COS FOS NPF SOF PRF DLF ISF NPP SGP 
LTP CSP
Correlation Matrix from file 'C :\Documents and 
Settings\kamel\Desktop\FMPM\FMPM.cor.txt1
Sample Size = 175
Relationships
NPP = NPF SOF PRF DLF ISF
SGP = NPF SOF PRF DLF ISF
LTP = NPF SOF PRF DLF ISF
CSP = NPF SOF PRF DLF ISF
NPF = INS COS FOS
SOF = INS COS FOS
PRF = INS COS FOS
DLF = INS COS FOS
ISF = INS COS FOS
NPP = INS COS FOS
SGP = INS COS FOS
LTP = INS COS FOS
CSP = INS COS FOS
Set the Error Covariance of SOF and NPF Free
Set the Error Covariance of PRF and NPF Free
Set the Error Covariance of PRF and SOF Free
Set the Error Covariance of DLF and NPF Free
Set the Error Covariance of DLF and SOF Free
Set the Error Covariance of DLF and PRF Free
Set the Error Covariance of ISF and NPF Free
Set the Error Covariance of ISF and SOF Free
Set the Error Covariance of ISF and PRF Free
Set the Error Covariance of ISF and DLF Free
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Set the Error Covariance of CSP and LTP Free
OPTIONS ME=ML SC WP RS EF MI
Path Diagram
Wide Print
Print Residuals
End of Problem
Sample Size = 175
TI MODIFIED SUPPLY CHAIN FLEXIBILITY PATH MODEL
Number of Iterations = 0
LISREL Estimates (Maximum Likelihood) 

Structural Equations

NPF = 0.58*INS 
(0.065) 
8 . 88

0.11*COS - 0.31*FOS, Errorvar.= 0.40 , R2 
(0.054) (0.066) (0.044)
-2.07 -4.63 9.25

SOF =

PRF =

DLF = -

ISF =

- 0.32*INS + 0.50*COS - 0.38*FOS
(0.080) (0.066) (0.082)
-3.94 7.51 -4.67

- 0.47*INS + 0.50*COS - 0.14*FOS
(0.086) (0.071) (0.088)
-5.48 7.08 -1.57

- 0.56*INS + 0.53*COS - 0.29*FOS
(0.081) (0.067) (0.083)
-6.89 7.89 -3.53

0.0068*INS + 0.43*COS - 0.26*FOS
(0.082) (0.068) (0.084)
0.083 6.39 -3.06

0.62 , 
(0.067)
9.25

0.71 ,
(0.076)
9.25

(0.068)
9.25

(0.070) 
9.25

NPP = 0.12*NPF + 0.24*SOF - 0.075*PRF - 0.096*DLF - 0.18*ISF + 
0.042*COS 
R2 =

(0 .0 2 )
1.93

- 0.085*FOS, Errorvar.= 0.88 
(0.13) (0.13) (0.13)
(0.11) (0.096)
1.97 1.90 -0.56
-0.74 9.25

(0.13) (0.12)
-0.75 -1.47

R2 = 0.12

SGP = 0.19*NPF - 0.17*SOF - 0.017*PRF - 0.18*DLF + 0.14*ISF + 0. 
0.019*COS + 0.0019*FOS, Errorvar.= 0.63 ,
R 2 = (0.10) (0.11) (0.11) (0.11) (0.07)

(0.01) (0.097) (0.068)
1.84 -1.62 -0.15 -1.70 1.99

-1.90 0.019 9.25

R 2 = 0.37
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= 0.60 

R 2 = 0.38 

R2 = 0.29 

R2 = 0.38

R2 = 0.35

0.11*INS + 
(0.06) 
1.83

33*INS - 
(0 .1 1) 
3.08
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LTP = - 0.18*NPF + 0.12*S0F - 0.045*PRF + 0.037*DLF + 0.24*ISF - 0.062*INS + 
0.14*C0S - 0.13*F0S, Errorvar.= 0.79 ,

(0.11) (0.06) (0.13) (0.12) (0.11) (0.03)
(0.06) (0.07) (0.085)
) -1.56 1.83 -0.36 0.31 2.12 -2.06

2.34 -1.85 9.25 R

R2 = 0.21

CSP = - 0.17*NPF + 0.15*SOF + 0.21*PRF + 0.26*DLF + 0.25*ISF - 0.14*INS +
0.034*COS - 0.063*FOS, Errorvar.= 0.32 ,

(0.072) (0.076) (0.081) (0.076) (0.072) (0.075)
(0.011) (0.032) (0.034)

-2.40 1.98 2.65 3.40 3.44 -1.88
3.09 -1.97 9.25

R 2 = 0.68
Error Covariance for SOF and NPF = -0.07

(0.039)
-1.70

Error Covariance for PRF and NPF = -0.10
(0.041)
-2.30

Error Covariance for PRF and SOF = 0.44
(0.061)
7.19

Error Covariance for DLF and NPF = -0.09
(0.039)
-2.33

Error Covariance for DLF and SOF = 0.34
(0.054)

6 . 2 1
Error Covariance for DLF and PRF = 0.44

(0.061)
7.19

Error Covariance for ISF and NPF = 0.038
(0.039)
0.98

Error Covariance for ISF and SOF = 0.35
(0.055)
6.27

Error Covariance for ISF and PRF = 0.39
(0.060)
6.54

Error Covariance for ISF and DLF = 0.34
(0.055)
6.08

Error Covariance for CSP and LTP = 0.21
(0.042)
5.14

Reduced Form Equations
NPF = 0.58*INS - 0.11*COS - 0.31*FOS, Errorvar.= 0.40, R2 = 0.60 

(0.065) (0.054) (0.066)
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8.88 -2.07 -4.63

SOF = - 0.32*INS + 0.50*COS - 0.38*FOS, Errorvar.= 0.62, R 2 = 0.38 
(0.080) (0.066) (0.082)
-3.94 7.51 -4.67

PRF = - 0.47*INS + 0.50*COS - 0.14*FOS, Errorvar.= 0.71, R2 = 0.29 
(0.086) (0.071) (0.088)
-5.48 7.08 -1.57

DLF = - 0.56*INS + 0.53*COS - 0.29*FOS, Errorvar.= 0.62, R 2 = 0.38 
(0.081) (0.067) (0.083)
-6.89 7.89 -3.53

ISF = 0.0068*INS + 0.43*COS - 0.26*FOS, Errorvar.= 0.65, R 2 = 0.35 
(0.082) (0.068) (0.084)
0.083 6.39 -3.06

NPP = 0.19*INS - 0.015*COS - 0.13*FOS, Errorvar.= 0.92, R2 = 0.080 
(0.098) (0.081) (0.10)
1.90 -0.18 -1.30

SGP = 0.60*INS - 0.17*COS + 0.030*FOS, Errorvar.= 0.70, R2 = 0.30 
(0.086) (0.071) (0.088)
6.99 -2.39 0.35

LTP = - 0.20*INS + 0.32*COS - 0.19*FOS, Errorvar.= 0.86, R 2 = 0.14
(0.095) (0.078) (0.097)
-2.11 4.14 -1.97

CSP = - 0.53*INS + 0.48*COS - 0.24*FOS, Errorvar.= 0.69, R2 = 0.31
(0.085) (0.070) (0.087)
-6.27 6.85 -2.73

Correlation Matrix of Independent Variables

INS

COS

FOS

INS COS FOS
1.00

(0.11)
9.25

0.35 1.00
(0.08) (0.11)
4.37 9.25

-0.66 -0.41 1.00
(0.09) (0.08) (0.11)
-7.17 -4.91 9.25

Goodness of Fit Statistics
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Degrees of Freedom = 5 
Minimum Fit Function Chi-Square =6.16 (P = 0.29)

Normal Theory Weighted Least Squares Chi-Square =6.07 (P = 0.30) 
Estimated Non-centrality Parameter (NCP) = 1.07 

90 Percent Confidence Interval for NCP = (0.0 ; 11.59)

Minimum Fit Function Value = 0.035 
Population Discrepancy Function Value (F0) = 0.0062 
90 Percent Confidence Interval for F0 = (0.0 ; 0.068)

Root Mean Square Error of Approximation (RMSEA) = 0.035 
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.12)

P-Value for Test of Close Fit (RMSEA < 0.05) = 0.53

Expected Cross-Validation Index (ECVI) =0.89 
90 Percent Confidence Interval for ECVI = (0.88 ; 0.95)

ECVI for Saturated Model = 0.91 
ECVI for Independence Model = 10.69

Chi-Square for Independence Model with 66 Degrees of Freedom = 1804.10
Independence AIC = 1828.10 

Model AIC = 152.07 
Saturated AIC = 156.00 

Independence CAIC = 1878.07 
Model CAIC = 456.09 

Saturated CAIC = 480.85

Normed Fit Index (NFI) = 0.98 
Non-Normed Fit Index (NNFI) =0.99 

Parsimony Normed Fit Index (PNFI) = 0.075 
Comparative Fit Index (CFI) =0.99 
Incremental Fit Index (IFI) =0.99 
Relative Fit Index (RFI) =0.95

Critical N (CN) = 427.18 
Root Mean Square Residual (RMR) = 0.011 

Standardized RMR = 0.011 
Goodness of Fit Index (GFI) =0.99 

Adjusted Goodness of Fit Index (AGFI) =0.91 
Parsimony Goodness of Fit Index (PGFI) = 0.064

TI MODIFIED SUPPLY CHAIN FLEXIBILITY PATH MODEL 
Total and Indirect Effects

Total Effects of X on Y
INS COS FOS

NPF 0.58 -0.11 -0.31
(0.06) (0.05) (0.07)
8.88 -2.07 -4.63

SOF -0.32 0.50 -0.38
(0.08) (0.07) (0.08)
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-3.94 7.51 -4.67

PRF -0.47
(0.09)
-5.48

0.50
(0.07)
7.08

-0.14
(0.09)
-1.57

DLF -0.56
(0.08)
-6.89

0.53
(0.07)
7.89

-0.29
(0.08)
-3.53

ISF 0.01
(0.08)
0.08

0.43
(0.07)
6.39

-0.26
(0.08)
-3.06

NPP 0.19
(0.10)
1.90

-0.01
(0.08)
-0.18

-0.13
(0.10)
-1.30

SGP 0.60
(0.09)
6.99

-0.17
(0.07)
-2.39

0.03
(0.09)
0.35

LTP -0.20
(0.09)
-2.11

0.32
(0.08)
4.14

-0.19
(0.10)
-1.97

CSP -0.53
(0.08)
-6.27

0.48
(0.07)
6.85

-0.24
(0.09)
-2.73

Indirect Effects of X on Y
INS COS FOS

NPP 0.08
(0.08)
0.93

-0.06
(0.06)
-0.99

-0.05
(0.06)
-0.73

SGP 0.27
(0.07)
3.74

-0.15
(0.05)
-2.95

0.03
(0.06)
0.50

LTP -0.14
(0.08)
-1.71

0.18
(0.06)
3.25

-0.06
(0.06)
-0.96

CSP -0.39
(0.08)
-4.97

0.45
(0.06)
7.34

-0.17
(0.07)
-2.40

Total Effects of Y on Y
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NPF SOF

NPP 0.12 0.24
(0.12) (0.13)
1.97 1.90

SGP 0.19 -0.17
(0 .1 0) (0 .1 1)
1.84 -1.62

LTP -0.18 0.12
(0 .1 1) (0 .1 2)
-1.56 1.83

CSP -0.17 0.15
(0.07) (0.08)
-2.40 1.98

PRF DLF ISF

-0.07
(0.13)
-0.56

-0.10
(0.13)
-0.75

-0.18
(0.12)
-1.47

-0.02
(0.11)
-0.15

-0.18
(0.11)
-1.70

0.14
(0.10)
1.99

-0.05
(0.13)
-0.36

0.04
(0.12)
0.31

0.24
(0.11)
2.12

0.21
(0.08)
2.65

0.26
(0.08)
3.40

0.25
(0.07)
3.44

Largest Eigenvalue of B*B' (Stability Index) is 0.338 
TI MODIFIED SUPPLY CHAIN FLEXIBILITY PATH MODEL 
Standardized Total and Indirect Effects

Standardized Total Effects of X on Y
INS COS FOS

NPF 0.58 -0.11 -0.31
SOF -0.32 0.50 -0.38
PRF -0.47 0.50 -0.14
DLF -0.56 0.53 -0.29
ISF 0.01 0.43 -0.26
NPP 0.19 -0.01 -0.13
SGP 0.60 -0.17 0.03
LTP -0.20 0.32 -0.19
CSP -0.53 0.48 -0.24

Standardized Indirect Effects of X on Y 
INS COS FOS

NPF - - - - - -
SOF   - - - -
PRF - - - - - -
DLF - - - - - -
ISF - - - - - -
NPP 0.08 -0.06 -0.05
SGP 0.27 -0.15 0.03
LTP -0.14 0.18 -0.06
CSP -0.39 0.45 -0.17

Time used: 0.094 Seconds
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TI MODIFIED SUPPLY CHAIN FLEXIBILITY PATH MODEL 
DA NI=12 NO=175 MA=CM 
LA
INS COS FOS NPF SOF PRF DLF ISF NPP SGP 
LTP CSP
CM FI='C :\Documents and Settings\kamel\Desktop\FMPM\FMPM.cor.txt1 SY 
SE
4 5 6 7 8 9 10 11 12 1 2 3 /

MO NX=3 NY==9 BE=FU GA=FI PS=SY
F R BE(6,1) BE (6,2) BE (6,3) BE(6,4) BE(6,5) BE(7,1) BE (7,2) BE (7,3) BE (7,4)
F R BE(7,5) BE (8,1) BE(8,2) BE(8,3) BE(8,4) BE(8,5) BE(9,1) BE(9,2) BE (9,3)
F R BE(9,4) BE (9,5) GA(1,1) GA(1,2) GA(1,3) GA(2,1) GA(2,2) GA(2,3) GA(3,1)
F R GA(3,2) GA(3,3) GA(4,1) GA(4,2) GA(4,3) GA(5,1) GA(5,2) GA(5,3) GA(6,1)
F R GA(6,2) GA(6,3) GA(7,1) GA(7,2) GA(7,3) GA(8,1) GA(8,2) GA(8,3) GA(9,1)
F R GA(9,2) GA(9,3) PS (2,1) PS (3,1) PS(3,2) PS (4,1) PS (4,2) PS (4,3) PS(5,1)
F Ron PS(5,2) PS(5,3) PS(5,4) PS(9,8)
xru
ou RS EF SS

Goodness of Fit Statistics

Model fit-initial model
Measure Recommended Actual
RMSEA >0.08 0.059
CFI >0.90 0.99
NFI >0.90 0.98
NNFI >0.90 0.98

C o r r e l a t i o n  M a t r i x

INS COS FOS NPF SOF PRF ISF DLF NPP SGP LTP
INS 1.00
COS 0.36 1.00
FOS -0.66 -0.41 1.00
NPF 0.74 0.22 -0.64 1.00
SOF 0.11 0.54 -0.38 0.06 1.00
PRF -0.20 0.39 -0.03 -0.25 0.71 1.00
ISF 00 t—101 0.45 -0.14 -0.20 0.67 0.76 1.00
DLF 0.33 0.54 -0.44 0.30 0.68 0.57 0.56 1.00
NPP 0.27 0.10 -0.25 0.26 0.08 -0.11 -0.10 0.02 1.00
SGP 0.52 0.03 -0.29 0.50 -0.18 -0.32 -0.34 0.06 0.16 1.00
LTP 0.04 0.33 -0.19 -0.02 0.39 0.32 0.35 0.38 -0.02 -0.13 1.00
CSP -0.21 0.39 -0.08 -0.25 0.66 0.74 0.75 0.56 -0.02 -0.32 0.55
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V a r i a b l e s I t e m  u s e d  i n  
t h e  p r o g r a m

I n n o v a t i v e  S t r a t e g y IN S
C u s t o m e r  s t r a t e g y COS
F o l l o w e r  s t r a t e g y FO S

N e w  P r o d u c t  F l e x i b i l i t y N P F

S o u r c i n g  F l e x i b i l i t y S O F

P r o d u c t  F l e x i b i l i t y P R F

D e l i v e r y  F l e x i b i l i t y D L F

I n f o r m a t i o n  S y s t e m s  F l e x i b i l i t y I S F

N e t  P r o f i t  P e r f o r m a n c e N P P

S a l e s  G r o w t h  P e r f o r m a n c e S G P

L e a d  T i m e  P e r f o r m a n c e L T P

C u s t o m e r  S a t i s f a c t i o n  P e r f o r m a n c e C S P
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APPENDIX 12
Supply Chain Strategy and Supply Chain Flexibility 

Relationship Mathematical Representation of the Hypotheses 
H2a i H2b( H2c, H2a, and H2e

NPF = ynINS + yl2COS + /l3FOS + 8,

NPF = 0.58*INS - 0.11*COS - 0.31*FOS, R2 = 0.60 
(0.065) (0.054) (0.066) (Standard Error) 
8.88 -2.07 -4.63 t statistics

Equation # 1 H2a 
Relationship between 
NPF = New Product Flexibility 
and INS =Innovative Strategy, 
COS = Customer Oriented 
Strategy
FOS = Follower Strategy.

SOF = y  21 INS + y22COS + y23FOS + S2

SOF = 0.32*INS + 0.50*COS - 0.38*FOS, R2 = 0.38 
(0.080) (0.070) (0.082) (Standard Error) 
-3.94 7.51 -4.67 t statistics

Equation # 2 H2b 
Relation ship between 
SOF = Sourcing Flexibility 
and
INS =Innovative Strategy, 
COS = Customer Oriented 
Strategy
FOS = Follower Strategy.

PRF =  ynINS +  yi2COS +y3JFOS + S3

PRF = - 0.47*INS + 0.50*COS - 0.14FOS, R2 = 0.29 
(0.090) (0.071) (0.080) (Standard Error) 
-5.48 7.08 -1.57 t statistics

Equation # 3 H2c
Relation ship between
PRF = Product Flexibility and
INS =Innovative Strategy,
COS = Customer oriented 
Strategy
FOS = Follower Strategy.

ISF = y 4]INS + y 42COS + y 43FOS + S4

ISF = -0.56*INS + 0.53*COS - 0.29*FOS, R 2 = 0.38 
(0.081) (0.067) (0.083) (Standard Error) 
-6.89 7.89 -3.53 t statistics

Equation # 4 H2d 
Relation ship between 
ISF = Information Systems 
Flexibility, and 
INS =Innovative Strategy, 
COS = Customer Oriented 
Strategy
FOS = Follower Strategy.

DLF = yslINS + y52COS +y53FOS + S5

DLF = 0.01*INS + 0.43*COS - 0.26*FOS, R 2 = 0.35 
(0.080) (0.068) (0.084) (Standard Error) 
0.08 6.39 -3.06 t statistics

Equation # 5 H2e 
Relation ship between 
DLF = Delivery Flexibility, 
and
INS =Innovative Strategy, 
COS = Customer Oriented 
Strategy
FOS = Follower Strategy.
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APPENDIX 13
Supply Chain Flexibility and Supply Chain Performance 

Relationship Mathematical Representation of the Hypotheses
H3a, H3b, H3Cf and H3d,

NNP = p n NPF + j3n SOF + J3UPRF + p u ISF + J315DLF + gx

NPP = 0.12*NPF+0.24*SOF -0.0.075*PRF -0.0.10*ISF- 0.18*DLF, 
(0.13) (0.13) (0.13) (0.13) (0.12)
1.97 1.9 -0.56 -0.75 -1.47

R 2= 0.12

Equation # 6 
Relationship between 
NNP= net profit 
Performance and 
NPF= new product flex. 
SOF= sourcing flex. 
PRF= product flex.
ISF= info system flex. 
DLF= delivery flex.

SGP = J321NPF + P22SOF + P23PRF + P24ISF + P25DLF + g2

SGP = 0.19*NPF - 0.17*SOF - 0.02*PRF - 0.18*ISF + 0.14*DLF, 
(0.10) (0.11) (0.11) (0.10) (0.07)
1.84 -1.62 -0.15 -1.70 1.99

R2 = 0.37

Equation # 7 
Relationship between 
SGP= Sales Growth 
Performance and 
NPF= new product flex. 
SOF= sourcing flex. 
PRF= product flex.
ISF= info system flex. 
DLF= delivery flex.

LTP = P3lFNPF + P32SOF + P33PRF + p 34ISF  + P3S DLF +

LTP = -0.18*NPF +0.12*SOF -0.05*PRF + 0.04*ISF + 0.24*DLF, 
(0.11) (0.06) (0.13) (0.12) (0.12)
-1.59 1.83 -0.36 0.31 2.12

R2 = 0.21

Equation # 8 
LTP= Lead Time 
Performance and 
NPF= new product flex. 
SOF= sourcing flex. 
PRF= product flex.
ISF= info system flex. 
DLF= delivery flex.

c s p  = p AXFN PF+ p 42S0F + p 43p r f  + p j s f + p 45d l f  + <r4

CSP = -0.17*NPF + 0.15*SOF + 0.21*PRF +0.26*ISF + 0.25*DLF, 
(0.072) (0.076) (0.081) (0.076) (0.072) 
-2.40 1.98 2.65 3.40 3.44 

R2 = 0.68

Equation # 9 
Relationship between 
CSP= customer 
satisfaction 
Performance and 
NNP= net profit 
NPF= new product flex. 
SOF= sourcing flex. 
PRF= product flex.
ISF= info system flex. 
DLF= delivery flex.
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Appendix 14
Alignment and tradeoffs output for two strategies and five 
flexibility dimensions including (Path model, Correlation 

matrix, LISERL syntax and SIMPLIS syntax
DATE: 12/13/2006 

TIME: 10:50
L I S R E L 8.72 

B Y

Karl G. Jnreskog & Dag Snrbom

This program is published exclusively by 
Scientific Software International, Inc.

7383 N. Lincoln Avenue, Suite 100 
Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140 
Copyright by Scientific Software International, Inc., 1981-2005 

Use of this program is subject to the terms specified in the 
Universal Copyright Convention.

Website: www.ssicentral.com
The following lines were read from file C :\Documents and 

Settings\kamel\Desktop\TSF\Tl.SPJ:
TI JOINT ALIGNMENT SUPLY CHAIN STRATEGY 
Observed Variables
INS COS NPF SOF PRF DLF ISF NPP SGP LTP 
CSP
Covariance Matrix from file 'C :\Documents and 
Settings\kamel\Desktop\TSF\ALJOINTSTR.cor.txt'
Sample Size = 175
Relationships
NPP = NPF SOF PRF DLF ISF
SGP = NPF SOF PRF DLF ISF
LTP = NPF SOF PRF DLF ISF
CSP = NPF SOF PRF DLF ISF
NPF = INS
SOF = COS
PRF = COS
DLF = INS COS
ISF = COS
NPP = INS COS
SGP = INS COS
LTP = INS COS
CSP = INS COS
options me=ml sc wp rs ef mi 
Path Diagram 
End of Problem
Sample Size = 175
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TI ALIGNMENT SUPLY CHAIN STRATEGY 
Number of Iterations = 2 0  
LISREL Estimates (Maximum Likelihood) 

Structural Equations

NPF = 0.32*INS, Errorvar.= 0.93 , R 2 = 0.098 
(0.15) (0.22)
2.10 4.27

SOF = 0.32*COS, Errorvar.= 0.93 , R 2 = 0.094 
(0.15) (0.22)
2.15 4.32

PRF = 0.30*COS, Errorvar.= 0.92 , R2 = 0.089 
(0.15) (0.21)
2.08 4.30

DLF = 0.13*INS + 0.29*COS, Errorvar.= 0.89 , R2 = 0.12 
(0.17) (0.16) (0.21)
0.76 1.74 4.18

ISF = 0.61*COS, Errorvar.= 0.64 , R 2 =0.36 
(0.15) (0.21)
3.97 3.04

NPP = 0.25*NPF + 0.33*SOF + 0.070*PRF + 0.018*DLF + 0.13*ISF + ( 
0.14*COS, Errorvar.= 0.52 , R 2 =0.47

(0.15) (0.15) (0.15) (0.16) (0.22)
(0.27) (0.18)

1.64 2.17 0.46 0.11 0.61
0.53 2.80

SGP = 0.21*NPF + 0.23*SOF + 0.13*PRF + 0.097*DLF - 0.14*ISF + 0 
0.31*COS, Errorvar.= 0.58 , R 2 =0.41

(0.15) (0.15) (0.16) (0.16) (0.23)
(0.28) (0.19)

1.34 1.48 0.86 0.60 -0.60
1.10 3.03

LTP = 0.31*NPF + 0.094*SOF + 0.23*PRF + 0.044*DLF - 0.048*ISF + 
0.41*COS, Errorvar.= 0.41 , R 2 =0.58

(0.15) (0.15) (0.15) (0.16) (0.22)
(0.28) (0.18)

2.08 0.63 1.53 0.28 -0.22
1.48 2.25

CSP = 0.11*NPF + 0.24*SOF + 0.19*PRF + 0.33*DLF + 0.070*ISF + 0 
0.32*COS, Errorvar.= 0.23 , R2 = 0.76
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1.18

.21*INS + 
(0.18) 
1.17

0.18*INS + 
(0.17) 
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(0.26)

1.24

(0.14) (0.14) (0.15) (0.15) (0.21) (0
(0.16)

0.81 1.69 1.31 2.16 0.34 1
1.44

Goodness of Fit Statistics
Degrees of Freedom = 20 

Minimum Fit Function Chi-Square =44.06 (P = 0.0015) 
Normal Theory Weighted Least Squares Chi-Square =39.36 (P = 0 

Estimated Non-centrality Parameter (NCP) = 19.36 
90 Percent Confidence Interval for NCP = (5.30 ; 41.20)

Minimum Fit Function Value = 0.25 
Population Discrepancy Function Value (F0) = 0.11 

90 Percent Confidence Interval for F0 = (0.031 ; 0.24) 
Root Mean Square Error of Approximation (RMSEA) = 0.075 
90 Percent Confidence Interval for RMSEA = (0.039 ; 0.11) 

P-Value for Test of Close Fit (RMSEA < 0.05) = 0.11

Expected Cross-Validation Index (ECVI) = 0.76 
90 Percent Confidence Interval for ECVI = (0.68 ; 0.89) 

ECVI for Saturated Model = 0.77 
ECVI for Independence Model =2.30

Chi-Square for Independence Model with 55 Degrees of Freedom =
Independence AIC = 396.24 

Model AIC = 131.36 
Saturated AIC = 132.00 

Independence CAIC = 442.05 
Model CAIC = 322.94 

Saturated CAIC = 406.88

Normed Fit Index (NFI) =0.91 
Non-Normed Fit Index (NNFI) =0.90 

Parsimony Normed Fit Index (PNFI) = 0.32 
Comparative Fit Index (CFI) =0.92 
Incremental Fit Index (IFI) =0.93 
Relative Fit Index (RFI) = 0.68

Critical N (CN) = 149.36 
Root Mean Square Residual (RMR) = 0.11 

Standardized RMR = 0.053 
Goodness of Fit Index (GFI) = 0.96 

Adjusted Goodness of Fit Index (AGFI) = 0.87 
Parsimony Goodness of Fit Index (PGFI) = 0.29

Model Fit
Measure Recommended Actual
RMSEA <0.08 0.075
CFI > 0.9 0.92
NFI > 0.9 0.91
NNFI > 0.9 0.90
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TI ALIGNMENT SUPLY CHAIN STRATEGY

Total and Indirect Effects
Total Effects of X on Y 

INS COS
NPF 0.32 - -

(0.15)
2 . 1 0

SOF - - 0.32
(0.15)
2.15

PRF - - 0.30
(0.15)
2.08

DLF 0.13 0.29
(0.17) (0.16)
0.76 1.74

ISF - - 0.61
(0.15)
3.97

NPP 0.29 0.36
(0.16) (0.17)
1.79 2.15

SGP 0.28 0.37
(0.16) (0.17)
1.74 2.19

LTP 0.29 0.49
(0.16) (0.17)
1.80 2.94

CSP 0.28 0.59
(0.16) (0.17)
1.79 3.53

Indirect Effects of X on Y 
INS COS

NPP 0.08 0.21
(0.06) (0.17)
1.32 1.23

SGP 0.08 0.06
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(0.06) (0.18)
1.28 0.31

LTP 0.10 0.08
(0.07) (0.17)
1.56 0.48

CSP 0.08 0.27
(0.07) (0.17)
1.06 1.62

Total Effects of Y on Y
NPF SOF

NPP 0.25
(0.15)
1.64

0.33
(0.15)
2.17

SGP 0.21
(0.15)
1.34

0.23
(0.15)
1.48

LTP 0.31
(0.15)
2.08

0.09
(0.15)
0.63

CSP 0.11
(0.14)
0.81

0.24
(0.14)
1.69

PRF DLF ISF

0.07 0.02 0.13
(0.15) (0.16) (0.22)
0.46 0.11 0.61

0.13 0.10 -0.14
(0.16) (0.16) (0.23)
0.86 0.60 -0.60

0.23 0.04 -0.05
(0.15) (0.16) (0.22)
1.53 0.28 -0.22

0.19 0.33 ' 0.07
(0.15) (0.15) (0.21)
1.31 2.16 0.34

Time used: 0.047 Seconds

TI JOINT ALIGNMENT SUPLY CHAIN STRATEGY 
DA NI=11 NO=175 MA=KM 
LA
INS COS NPF SOF PRF DLF ISF NPP SGP LTP 
CSP
CM FI=1C :\Documents and Settings\kamel\Desktop\TSF\ALJOINTSTR.cor.txt' SY 
SE
3 4 5 6 7 8 9  10 11 1 2 /

MO NX=2 NY=9 BE=FU GA=FI PS=SY
FR BE(6,1) BE(6,2) BE(6,3) BE(6,4) BE(6,5) BE(7,1) BE(7,2) BE(7,3) BE(7,4)
FR BE(7,5) BE(8,1) BE(8,2) BE(8,3) BE(8,4) BE(8,5) BE(9,1) BE(9,2) BE(9,3)
FR BE(9,4) BE(9,5) GA(1,1) GA(2,2) GA(3,2) GA(4,1) GA(4,2) GA(5,2) GA(6,1)
FR GA(6,2) GA(7,1) GA(7,2) GA(8,1) GA(8,2) GA(9,1) GA(9,2)
PD
OU RS EF SS
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0 . 2 6 .0 . 3 2
NPP.0. 3 a

0 . 0 7
■0.93 0 . 0 ;

,0 . 21
' 0 . 21;  

JO. 14 '
. 2 3

. 34
SGP 0 . S 8, 0 . 1 3

hao\
0 . 0 9 .. 3 0

■0.41- LTP.97' 0 . 4 1
29 -

0 . 2 4 ,
L— 0.  32:

IS '0 . 6 1 0 . 3 3 .

CSP' 0 . 2 3■0.07-

ISF . 6 4

Chi-8quare=39.36, df=20, F-value=0.00 601, RMSEA=0.075

Correlation Matrix for Alignment Path Strategy Model
1.00
0.16 1.00
0.25 0.08 1.00
0.11 0.14 0.16 1.00
0.20 0.19 0.25 0.33 1.00
0.18 0.25 0.24 0.22 0.35 1.00
0.44 0.54 0.30 0.32 0.09 0.16 1.00
0.48 0.50 0.49 0.55 0.34 0.29 0.42 1.00
0.45 0.49 0.44 0.45 0.39 0.34 0.26 0.26 1.00
0.50 0.60 0.55 0.39 0.49 0.35 0.38 0.35 0.33
0.52 0.66 0.41 0.54 0.50 0.60 0.50 0.42 0.47
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