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Over the past decade, an important focus of researchers has been on supply chain
management (SCM), as many organizations believe that effective SCM is the key to
building and sustaining competitive advantage for their products/services. To manage the
supply chain, companies need to adopt an SCM strategy (SCMS) and implement
appropriate SCM practices. However, different SCM strategies and practices require
support from appropriate information technology (IT) applications and their usage. To
effectively manage the supply chain, there is therefore a need for aligning these
applications and their usage with the supply chain strategy and practices of the firm.
While the literature on IT-business alignment has mainly focused on various aspects of
the alignment between information systems (IS) strategy (ISS) and business strategyi, it is
largely deficient in offering an understanding of how specific supply chain strategies
should be aligned with relevant IS strategies. Similarly, prior studies on SCM have
developed considerable detail on supply chain strategies, without enunciating the
implications of these strategies for the use of IT. Additionally, many studies have
examined the importance of implementing SCM practices and their impact on supply

chain and firm performance without identifying the corresponding IS usage that might be
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required for executing those practices in a more effective manner. Thus, there are no
studies that explore the alignment between SCMS and ISS and between SCM practices
and the usage of IT. This study contributes to the literature of SCM and IT by examining
the alignment between the supply chain and information systems (SC-IS) at two levels.
First, it looks at different SCM strategies and assesses appropriately- aligned information
strategies that would enhance their effectiveness vis-a-vis their effect on the supply chain
and firm performance; this is what this study refers to as alignment at the
planning/strategic level. Second, the study looks at SCM practices and identifies
corresponding IS usage practices that enhance the success of those practices vis-a-vis
their effect on the firm and its supply chain performance; this is what this study refers to
as alignment at the practice/operational level. Alignment was assessed using the

moderating and mediating methods.

Research methods included item development, Q-sort, a large scale survey of 205
respondents, who were mainly purchasing managers/directors of large organizations, and
data analysis using Structural Equation Modeling (SEM). The research developed and
validated reliable instruments for supply chain management strategy, information systems
strategy, IT utilization, the alignment between SCMS and ISS, and the alignment
between SCM practices and the usage of IT constructs through an extensive literature
review, and then revised the instruments by using pre-test, structured interviews, and Q-
sort methodologies. Valid and reliable measures from SCM practices were adapted and

validated from previous research to fit the context of the present study.

The research findings suggest that at the strategy level, aligning a particular IS S

with the corresponding SCMS enhances supply chain performance and firm performance
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specific to the type of SCMS. At the operational level, the results suggest that
implementation of particular SCM practices requires the use of corresponding IT
applications, in order to have an enhanced positive effect on firm performance and supply
chain performance. The theoretical contribution of this research is in two domains. The
contribution in the IS domain is in introducing alignment concepts in the supply chain
context and analyzing ISS/SCMS and IT usage type/SCM practice pairs, the co-presence
of which can enhance supply chain performance. The study thus forwards current
contingency-based thinking in the IS literature that is beginning to suggest that study of
IS deployment or use at the aggregate level might be less informing than looking at
specific contexts and requirements against which applications are adopted. In the SCM
domain, this research shows the importance of the adoption and use of specific types of
IS in achieving enhanced benefits from particular SCM practices and strategies. The
study thus extends recent literature that is beginning to recognize the importance of
understanding the benefits of different types of IS applications to supply chains. This
study also has several important implications for practitioners, by demonstrating to
managers the importance of adapting an ISS that matches their SCMS, and the
importance of using the appropriate IT applications that match their SCM practices. As a
result, the findings help managers to better position, structure, and utilize their IS
applications in line with their SCM strategies and practices. So, for instance, if a focal
firm acquires a new supply chain related application, it should make sure that the
application supports and enhances the supply chain’s ability to achieve its particular
goals; this will result in better supply integration and quicker response to customers’

demands, which will allow the firm to achieve its market and financial goals. Therefore,



these results should be useful for strategic decision making, especially with regards to

investment decisions concerning IT integration in supply chains.
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Chapter 1

Introduction

Supply chain management (SCM) has been defined in many different ways (Tan,
2001). A common definition of SCM includes the flow of materials and information
along the supply chain in order to meet customer requirements in an efficient manner.
Two important elements in the definition of SCM are: (1) flow of products, and (2) flow
of information. Supply chain practices focus on products’ movement (Chopra and

Meindl, 2001), while information systems (IS) focus on sharing information.

As more firms realize that effective SCM is the key to building and sustaining
competitive edge in their products and services, they are finding ways to improve the
performance of their supply chains by managing and integrating key information
elements into their supply chains (Gunasekaran and Ngai, 2004). It is impossible to
achieve effective supply chain integration without information technology (IT), since IT
plays a critical role in the success or failure of the supply chain. Handfield and Nichols
(1999) noted the significance of IT in determining the ultimate success in managing the
supply chain and cited evidence that IT was a necessary factor in the survival of SCM
projects. Brandyberry et al. (1999) suggest that IT has the potential to manage the flow
and to impact many dimensions of the supply chain, such as cost, quality, delivery,

flexibility, and, ultimately, the profit of firms. Byrd and Davidson (2003) provided



empirical evidence that IT impacts the supply chain, showing that the development and
utilization of long-term IT plans lead to a better firm performance measured by return on
investment (ROI), return on equity (ROE), and market share. Vickery et al. (2003)
provided empirical evidence that supply chain coordination and integration is facilitated
by the use of integrated information technologies, which directly impacts a firm’s

financial performance (cost performance).

Despite the importance of IS in managing the supply chain and with many firms
investing in costly new systems and applications, a number of firms continue to struggle
in their efforts towards effectively integrating the physical goods and information flow in
their supply chains. One study suggests that over 50 percent of the respondents (U.S.
industries on their supply chains) agree that SCM is not meeting their needs (Staff, 1999).
At the same time, however, Procter and Gamble has reported generating more than U.S.
$325 million in supply chain savings. Shah et al. (2002) believe that Procter and Gamble
excel in managing its supply chain by having IT capabilities aligned with appropriate
supply chain activities. Shah et al. (2002) suggest that SCM practices and strategic
initiatives taken by supply chain members require using information intensively; and
thus, they require the support of inter-organizational information systems. They argue
that supply chains at different levels of integration and coordination require different
levels of IS integration. Therefore, they propose a conceptual framework to study the
alignment of IS with the needs of the supply chain members, arguing that a high level of
supplier integration must be aligned with a high level of IT integration. Similarly, a low
level of supplier integration requires a lower level of IT integration among suppliers in

order to achieve better performances.



Further, to achieve a competitive advantage and better performances, SCM
strategy (SCMS) should directly support and drive forward the business strategy. In other
words, SCMS should be aligned with the business strategy; at the same time, supply
chain managers need to use the best IT solution to support their SCMS in order to stay
competitive. A good example of this is Wal-Mart’s use of IT to support its supply chain.
Wal-Mart has made significant investments in inventory control, materials management,
point of sale integration, and inventory tracking RFID systems. These systems provide
up-to-the-minute information on inventory and logistics, leading to rapid response to
customer requirements, higher inventory turnover, and reduction of its labor and
inventory costs; thus supporting the company’s low cost supply chain. This example
clearly shows the importance of aligning SCMS with IS to achieve better performance

(Cohen and Roussel, 2005; Nickles et al., 1998; Jones et al., 2005).

While most of the literature regarding IT alignment focuses on strategic alignment
between business strategy and IS strategy (ISS) and its relationship to performance
(King, 1978; Henderson and Venkatraman, 1993; Chan et al., 1997; Gupta et al., 1997,
Sabherwal and Chan, 2001; Kearns and Lederer, 2003; Kearns and Sabherwal,
2006/2007), other literature has focused on social alignment or the alignment of IS-
business partnerships at various levels in the organization (Bassellier and Benbasat,
2004). However, there are no studies that explore the alignment between supply chain
and information systems (SC-IS), specifically the alignment between SCMS and ISS, and
the alignment between SCM practices and the usage of IT. In the absence of such
understanding, there is a lack of framework that managers can use for effectively

positioning and utilizing their IS in line with their SCM strategy and practices.



This study intends to fill the gap by examining the alignment between SCM and
IT; it examines SC-IS alignment at two levels. First, it looks at different SCM strategies
and assesses appropriately-aligned information system strategies that would enhance their
effectiveness vis-a-vis their effect on SCM and firm performance. Second, it looks at
SCM practices and identifies corresponding IS usage practices that enhance the success
of those practices vis-a-vis their effect on supply chain and firm performance.

It is important to align SCMS with business strategy. Evans and Danks (1998)
suggest that business strategy should address three questions: (1) What products/services
should the firm sell? (2) What customer segments should the firm service? (3) In what
geographic markets should the firm operate? The answers to these questions will
determine the context within which the firm’s SCMS is developed. A good example of
this is Wal-Mart’s strategic vision to build customer loyalty through everyday low prices
being accomplished by adopting a cross-docking strategy in its supply chain.

This study argues that not only should the business strategy and SCMS be
aligned, but the alignment should also include ISS. It is important to plan for an IT
application that supports and enhances a SCMS. This is what this study refers to as “the
alignment between SCMS and ISS”; or the alignment at the planning/strategic level. In
other words, this study argues that once a company plans to invest in an application, the
goal and the objective of this application should support the objective of the supply chain.
For instance, if the strategic positioning of a company is to have the lowest price in the
market relative to its competitors, then this company should emphasize having an
efficient supply chain, and then invest in applications that assist and enhance the goal of

the supply chain in order to have better supply chain and organizational performance.



Furthermore, this research also argues that it is important to utilize IT effectively
in the supply chain to achieve superior supply chain performance. In other words, IT
should be used to support and enhance the SCM practices; this is what this study refers to
as “the alignment between SCM practices and the usage of IT”, or the alignment at the
practice/operational level. For instance, if one of the practices of SCM is postponement
(delaying activities in the supply chain until the customer’s requirement is known), then
the firm should use a “push-pull” supply chain strategy to implement this practice. An
example of a “push-pull” supply chain strategy is one in which the manufacturer builds to
order. This implies that component inventory is managed based on the forecasting but
final assembly is managed by responding to specific customers’ requests (Simchi-Levi,
2005). In other words, the manufacturing process starts by producing a generic or family
product based on forecasting, and then differentiates its specific end-product when
demand is revealed. Implementing postponement practices requires using IT to share and
coordinate timely information across suppliers so the firm can react quickly to the
specific customers’ orders. This will result in improved supply chain performance by (1)
reducing the lead times by better anticipating incoming orders from the customers, (2)
increasing service levels, (3) and improving the responsiveness to changes in customers’

demand.

As IS continues to increase in use and importance in supply chain processes, the
IS alignment with supply chain practices and strategies becomes very critical. Literature
in this area is still emerging. This research thus attempts to make a significant
contribution to the literature on supply chain and IS research by addressing the following

two important questions:



Research Question I: Can the alignment at the planning/strategic level (SCMS with ISS)
have a positive impact on SCM performance and firm performance?
Research Question 2: Can the alignment at the practice/operational level (SCM practices

with the usage of IT) have a positive impact on SCM performance and firm performance?

This research identifies three SCM strategies (lean, agile, and hybrid). A lean
supply chain is a supply chain that utilizes a strategy aimed at creating the most cost
efficiency. An agile supply chain is a supply chain that utilizes a strategy aimed at being
responsive and flexible to changing customer needs. A hybrid supply chain is a supply
chain that utilizes an “assemble-to-order strategy. Furthermore, this research identifies
three IS strategies (IS for efficiency, flexibility, and comprehensiveness). IS for
efficiency is a strategy oriented toward operational support of internal and inter-
organizational efficiency. IS for flexibility is a strategy oriented toward market flexibility
and quick strategic decisions. IS for comprehensiveness is a strategy that enables

comprehensive decisions.

At the strategic level, this study argues that the moderating alignment between
SCMS —lean, agile, and hybrid- and ISS -IS for efficiency, flexibility, and
comprehensiveness- will enhance SCM and firm performance. Furthermore, at the
operational level, this research identifies six SCM practices: strategic supplier
partnership; customer relationship; information sharing; information quality; internal lean
practices; and postponement. This research also identifies three ways to utilize IT --
externally internally and through a focus on infrastructure. This study argues that the
moderating alignment between SCM practices and IT utilization will enhance SCM and

firm performance.



Chapter 2 describes the literature review on SCMS, ISS, SCM practices, and the
usage of IT. The theoretical development and the hypothesis development are presented
in Chapter 3. The research methodology is described in Chapter 4. The validity and
reliability results are reported in Chapter 5. In Chapter 6, the results of hypotheses testing
are shown. Finally, Chapter 7 concludes the summary of the research--its theoretical and
practical contributions, managerial implications, and limitations. Recommendations for

future research are provided.



Chapter 2

Literature Review

This chapter presents the literature review and the definition for the constructs (SCMS,
ISS, SCM practices, IT utilization) and their sub-constructs.
2.1 SCM Strategy (SCMS)

Supply chain management (SCM) is becoming increasingly important in today’s
global competition. As competition shifts from company vs. company to supply chain vs.
supply chain, SCM becomes a significant strategic tool for firms to survive and create
competitive advantages (Stalk and Hout, 1990; Quinn, 1997; Rich and Hines, 1997; Tan
et al., 2002). Market leaders in the retail industry such as Wal-Mart and Dell constantly
search for new ways to add value and push the boundaries of performance by realizing
the importance of managing their supply chains (Cohen and Roussel, 2005). To compete
at the supply chain level, companies must adopt an appropriate SCMS. Such strategy
needs integration and coordination throughout the supply chain to enhance the
performance of supply chain members (Green Jr. et al., 2008; Cohen and Roussel, 2005;
Wisner, 2003).

Mason-Jones et al. (2000) argue that supply chains need to adopt a strategy that
suits both their particular product and marketplace. Fisher (1997) suggests that the first
step in developing the supply chain strategy is to consider the nature of the demand for an

organization’s product, proposing that these are either functional or innovative.
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Functional products are like commodities; they are typically stable, fast moving
consumer goods that are widely available and satisfy basic needs that do not change over
time. As a result, functional products should have a very efficient low-cost supply chain.
On the other hand, innovative products have short life cycles with volatile demand that is
difficult to predict. They need a flexible and fast supply chain to deal with uncertainty in
the demand. Since by definition SCM requires collaboration of all supply chain
participants to satisfy final customers, an SCM strategy must be adopted.
Implementation of such a strategy requires creating a greater level of trust throughout the
supply chain, establishing more frequent contact with supply chain members, and
increasing information sharing and communication among suppliers (Wisner, 2003).
Porter (1990, p.41) argues that a “strategy guides the way a firm performs individual
activities and organizes its entire value chain”. For instance, if a firm has a low-cost
strategy, then the firm should optimize and coordinate the supply chain by having
frequent and timely deliveries from suppliers to reduce the required level of inventory
and achieve low cost. Porter (1990) argues that there are two types of generic strategies
to achieve a competitive advantage: low-cost and differentiation strategies. A low-cost
strategy enables a firm to design and produce a product more efficiently than its
competitors. A differentiation strategy allows a firm to offer a variety of products to the
customer with reliability and responsive services.

Fisher (1997) explains the need to match the appropriate supply chain
management strategy to product characteristics as shown in figure 2. 1., which illustrates
only two extreme types of product characteristics: functional and innovative products.

Fisher argues that functional products which are considered to have stable and predictable



demand require an efficient process (efficient chains) to supply that product. On the other
hand, innovative products which are considered to have unpredictable demand require a
responsive supply chain. This match between product type and supply chain strategy will
result in a better profit margin for the organization as Fisher was able to calculate the
profit based on the contribution margin and the stockout rate of functional and innovative

products.

Functional Products Innovative Products

mismatch

mismatch

Figure 2.1 Matching supply chains with product characteristics (source:
Fisher, 1997)

Vonderembse et al. (2006) discuss three types of supply chains that are necessary
to match three types of products: standard, innovative, and hybrid. They demonstrate that
standard products, which tend to be simple products with limited amounts of
differentiation, should be produced by a lean supply chain (LSC). LSCs employ
continuous improvement efforts and focus on eliminating wastes across the supply chain.
On the other hand, innovative products which may employ new and complex technology
require an agile supply chain (ASC). ASCs respond to rapidly changing global markets

by being dynamic and flexible across organizations. Hybrid products, which are complex

10



products, have many components and participating companies in the supply chain;
therefore, a variety of supplier relationships may be needed, which they refer to hybrid
supply chains (HSC). HSCs combine the capabilities of lean and agile supply chains to
meet the needs of complex products.

Lee (2002) expands on Fisher’s ideas but focusing on the “supply” side of the
supply chain in determining the supply chain strategy. He suggests that there are
uncertainties revolving around the supply side that determine the supply chain strategy.
The supply side may be characterized by: (1) stable supply processes and (2) evolving
supply processes. A stable supply process is one where the manufacturing process and the
underlying technology are mature and the supply base is well established. An evolving
supply process is one where the manufacturing process and the underlying technology are
still under early development and are rapidly changing. Although functional products
tend to have more mature and stable supply chains; and innovative products tend to have
more evolving supply chains, this is not always the case. Some functional products could
be supplied by a rapidly changing process i.e. supply of hydroelectric power, which relies
on rainfall in a region. Similarly, there are also innovative products with a stable supply
process. Based on this, Lee (2002) was able to classify supply chain strategy into four
types: efficient supply chains, risk-hedging supply chains, responsive supply chains, and
agile supply chains. An efficient supply chain strategy aims at cutting cost and
eliminating non-value activities. A risk-hedging supply chain strategy aims at pooling
and sharing resources in a supply chain and it is quite common in retailing. A responsive
supply chain strategy tends to focus on being flexible and responsive to changes in

customers’ demand. An agile supply chain strategy combines both risk-hedging and
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responsive supply chain strategies. In other words, it aims at being flexible and
responsive to customers while pooling and sharing resources among suppliers.

Furthermore, Towill and Christopher (2002) suggest that there are three types of
supply chain strategies: agile supply chains; lean supply chains; and hybrid supply
chains. In their study, a case study was provided to show how a lean and agile supply
chain can be successfully combined to have a lean/agile supply chain strategy which they
refer to as “hybrid” or “leagile” supply chain. Naylor et al. (1999) uses the term
“leagility” as an integration of lean and agile paradigms with the aid of a decoupling
point in the supply chain. Thus, they provide a personal computer company as a case
study to demonstrate how agility and leanness can be combined successfully within the
supply chain to meet customers’ requirements.

Regardless of the type of supply chain strategy the organization decided to adopt
(lean, agile, risk hedging, responsive, hybrid), the decision to adopt a supply strategy
should be made at a corporate level (Towill and Christopher 2002). In this study, three
types of supply chain strategies are considered, and they are as follows: (1) lean supply
chain; (1) agile supply chain; (3) hybrid supply chain (Huang et al., 2002; Wang et al.,
2004; Vonderembse et al., 2006). Table 2.1 shows the SCMS construct and its sub

constructs’ definitions.
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Table 2.1 The SCMS construct, its sub-constructs definitions, and literature

support
Constructs Definitions Literature
Supply Chain A strategy that requires an end-to-end | Cohen and
Management supply chain focus that supports | Roussel,
Strategy (SCMS) | integration  of  business  processes | 2005; Wisner,
throughout the chain for the purpose of | 2003; Green
providing optimum value to the ultimate | Jr. et al., 2008
customer/consumer.
Lean Supply A supply chain that utilizes a strategy | Huang et al., 2002;
Chain (LSC) aimed at creating the most cost efficiency | Wang et al., 2004;

in the supply chain by reducing the
inventory and focusing on improving the
quality in the supply chain, thus
eliminating waste.

Vonderembse et al.,
2006; Towill and
Christopher, 2002;
Christopher and
Towill, 2000; Lee,
2002.

Agile Supply

A supply chain that utilizes a strategy

Huang et al., 2002;

lean and agile supply chain aimed at
achieving mass  customization by
postponing product differentiation until
final assembly.

Chain (ASC) aimed at being responsive and flexible to | Christopher and
changing customer needs by responding | Towill, 2000; Wang
quickly and effectively (to rapidly | etal., 2004;
changing dynamic and continually | Vonderembse et al.,
fragmenting markets). 2006; Christopher,
2000; van Hoek et
al., 2001; Lin et al.,
2006; Agarwal et al.,
2007; Towill and
Christopher, 2002;
Power et al., 2001;
Lee, 2002.
Hybrid Supply | A supply chain that utilizes “assemble to | Huang et al., 2002;
Chain (HSC) order” strategy. This is a combination of a | Naylor et al., 1999;

Wang et al., 2004;
Vonderembse et al.,
2006; Towill and
Christopher, 2002;
Christopher and
Towill, 2000.
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2.1.1 Lean Supply Chain (LSC)

A lean supply chain (LSC) refers to a supply chain that utilizes a strategy aimed at
creating the most cost efficiency in the supply chain by reducing the inventory and
focusing on improving the quality in the supply chain, thus eliminating waste (Huang et
al., 2002; Wang et al., 2004; Vonderembse et al., 2006). Christopher (2000) argues that
lean supply chains work well where demand is relatively stable and predictable, and
variety is low.

Christopher and Towill (2000) suggest that an important lean supply chain
attribute is the minimization of total lead-times in the supply chain since by definition
excess time is waste and leanness calls for elimination of all wastes. Vitasek et al. (2005)
define six attributes for lean supply chains: (1) demand management capability, which
means doing a better job of managing demand signals by getting demand data from
customers to suppliers, (2) waste and cost reduction, which means working together to
modify policies, procedures, and practices that produce or encourages waste, (3) process
and product standardization, which means determining the best way to manage a process
then standardizing that process across the chain, (4) industry standards adoption which
extends standards beyond a company’s particular supply chain to the industry overall to
reduce development costs for the original equipment manufacturers and allow for
standardized processes in assembly, (5) cultural change competency, which is considered
as one of the obstacles to successfully applying lean supply chains and getting lean
strategies accepted in the organization. Companies with cultural change competency view
their employees as valued assets and emphasize lean and total quality management

programs, (6) cross-enterprise collaboration, which means that supply chain partners
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must work together to maximize the value stream to the customer. In lean supply chains,
teams must work toward solutions that benefit all members of the supply chain.

In summary, a lean supply chain can be recognized as a strategy for managing the
supply chain in an efficient way by eliminating waste and employing continuous
improvement techniques across the chain.

2.1.2 Agile Supply Chain (ASC)

An agile supply chain (ASC) refers to a supply chain that utilizes a strategy aimed
at being responsive and flexible to changing customer needs by responding quickly and
effectively to rapidly changing dynamic and continually fragmenting markets
(Christopher, 2000; Huang et al., 2002; Wang et al., 2004; Vonderembse et al., 2006).

Lin et al. (2006) suggest that ASC focuses on promoting adaptability, flexibility
and has the ability to respond appropriately and react quickly and effectively to changes
in the market. They developed a conceptual model of agile supply chain that consists of
agility drivers and agility enablers which impact and determine the capability of an agile
supply chain. They identified four main capabilities of an agile supply chain: (1)
responsiveness, which is the ability to identify changes and respond quickly to them, (2)
competency, which is the ability to efficiently and effectively realize enterprise
objectives, (3) flexibility/adaptability, which is the ability to implement different
processes and apply different facilities/equipments to achieve the same goal, and (4)
quickness/speed, which is the ability to complete an activity as quickly as possible. They
also identified main attributes for measuring agility in the supply chain: (1) collaborative
relationships (strategy), (2) process integration (foundation), (3) information integration

(infrastructure), and (4) customer/marketing sensitivity (mechanism). Christopher (2000)
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distinguishes four characteristics of an agile supply chain: (1) market sensitivity, which
means that the supply chain is capable of responding faster to customers, (2) virtual
supply chain, which means using IT to share data between manufacturers and suppliers,
(3) process integration, which means collaborative work between manufacturers and
suppliers, joint product development, common system, and shared information, and
finally (4) network, which means linking all the suppliers together as one entity rather
than stand-alone entities. van Hoek et al. (2001) argue that there is a lack of insight into
supply chain agility since the focus of researchers has been on manufacturing agility and
not supply chain agility. Therefore, they developed a framework for supply chain agility
and suggested specific dimensions/capabilities of supply chain agility based upon an
empirical study conducted in Europe. They came up with the same four dimensions
identified by Christopher (2000). Agarwal et al. (2007) developed a model of variables
for improving supply chain agility. Those variables are important for managers to
formulate and build supply chain agility strategies. The variables are: delivery speed, data
accuracy, new product introduction, centralized and collaborative planning, process
integration, use of IT tools, lead-time reduction, service level improvement, cost
minimization, customer satisfaction, quality improvement, uncertainty minimization,
trust development, and minimization of resistance to change. Power et al., (2001)
identified critical factors for managing an agile supply chain based on the result of an
empirical study of Australian manufacturing firms. Some of those factors are related to
the involvement of suppliers, focus on customers, and technology utilization that

differentiates the “more agile” organizations from “less agile”.
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In summary, the notion of agility in supply chains can be recognized as a strategy
for managing the supply chain when organizations need to respond quickly and
effectively to rapid changes in customers’ demand. Some of the attributes, characteristics,
and capabilities of ASC have been identified in this literature.

2.1.3 Hybrid Supply Chain (HSC)

A hybrid supply chain (HSC) refers to a supply chain that utilizes an “assemble to
order” strategy. It’s a combination of a lean and agile supply chain in which the supply
chain achieves mass customization by postponing product differentiation until final
assembly (Huang et al., 2002; Wang et al., 2004; Vonderembse et al., 2006). Naylor et
al. (1999) define a hybrid supply chain as “The combination of lean and agile paradigms
with the supply chain strategy by positioning the decoupling point so that they best suit
the need for responding to a volatile demand downstream yet providing level scheduling
upstream from the marketplace”. The point that separates part of the supply chain that
responds directly to customers (being agile) from the part of the supply chain that uses
strategic stocks to buffer against the variability in the demand (being lean) is referred to
as “decoupling point”. The aim of postponement is to increase the efficiency of the
supply chain by moving product differentiation (at the decoupling point) closer to the end
customer (Naylor et al., 1999). Towill and Christopher (2002) argue that processes are
designed to be lean at the upstream of the decoupling point, and agile at the downstream
of the decoupling point in a hybrid supply chain.

The difference between lean, agile, and hybrid supply chains has been presented

in some studies (Huang et al., 2002; Wang et al., 2004; Vonderembse et al., 2006). Table
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2.2 summarizes the differences between lean, hybrid, and agile supply chains (Huang et

al., 2002).

Table 2.2 A comparison of lean, hybrid, and agile supply chains (source:

Huang et al., 2002; Wang et al., 2004)

Category Lean supply chain | Hybrid supply Agile supply chain
chain
Focuses on cost Interfaces with the | Understands customer
reduction, market to requirements by
flexibility understand interfacing with the
and incremental customer market and
improvements for | requirements, being adaptable to
already available maintaining future | future changes
Purpose products adaptability
Employs a Tries to achieve Aims to produce in any
continuous mass customization | volume and deliver into
improvement by a wide variety of market
process to focus on | postponing product | niches simultaneously
the elimination of | differentiation until
waste or non-value | final assembly and | Provides customized
added activities adding innovative products at short lead
across the chain components to the | times (responsiveness)
existing products
Approach to Supplier attributes | Supplier attributes | Supplier attributes
choosing involve low cost involve low cost involve speed,
suppliers and high quality and high quality, flexibility, and quality
along with the
capability for speed
and flexibility, as
and when required
Inventory Generates high Postpones product | Deploys significant
strategy inventory turnover | differentiation until | stocks of parts to tide

and minimizes
inventory
throughout the
chain

as late as possible.
Minimizes
functional
components
inventory

over unpredictable
market requirements
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Lead time Shortens lead-time | Is similar to the lean | Invests aggressively in
focus as long as it does supply chain at ways to reduce lead
not increase cost component level times
(shorten lead-time
but not at the
expense of cost). At
product level,
accommodates
customer
requirements, it
follows that
of an agile supply
chain
Manufacturing | Maintains high It is a combination | Deploys excess buffer
focus average utilization | of lean and agile, capacity to ensure that
rate where the beginning | raw
part is similar to material/components are
lean and the later available to
part is similar to manufacture the product
agile according to market
requirements
Product design | Maximizes Components follow | Uses modular design in
strategy performance and the lean concept order to postpone
minimizes cost (cost minimization) | product differentiation
at the beginning. for as long as possible
Modular design
helps in product
differentiation
towards the latter
stages

2.2 Information Systems Strategy (ISS)

The traditional domain of the information systems strategy (ISS) is to improve the
efficiency and effectiveness of organizations (Bakos and Treacy, 1986). Earl (1989, p.
67) defines ISS as “The long-term, directional plan which decided what to do with IT”.
In his definition, the issue ISS deals with is the applications. In other words, it asks the

question, what should we do with the technology (applications)? Barnes et al. (2003)
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suggest that ISS is concerned with what applications should be acquired and how they
should be managed?

Earl (1989) argues that the ISS should originate from the business strategy. This
means that IT should facilitate implementing the business strategy (whatever that
business strategy is) and help achieve its goals. In another study, King (1978) argues that
ISS should be derived from the business strategy. He argues that ISS cannot exist in a
vacuum. Thus, organizations need to ensure that the development of an effective ISS
does not occur in isolation from the business strategy; it must support and occur within
the business strategy (Puckridge and Woosley, 2003). This implies that in order for
organizations to develop an ISS, it should first consider its business strategy.
Furthermore, Weill (1990) developed a framework to investigate the impact of
originating an ISS from a business strategy on firm performance. The result of his
empirical study suggests that investing in applications that support business strategy will
provide the firm with a competitive advantage.

A strategy at the business level (also referred to as strategic business unit “SBU”)
is concerned with the following question: How do we compete effectively in each of our
chosen product- market segments? (Venkatraman, 1989a). This suggest that if a company
decided to compete in the market by offering the lowest price to achieve a competitive
advantage, then its ISS should support its business strategy and focus more on being
efficient to cut cost and therefore achieve the lowest price possible. Camillus and Lederer
(1985) suggest that there should be a match between the design of the IS and the strategic
management choices of the organization. Hence, if business strategy demands creativity,

quick response and innovation, an ISS should adopt a flexible approach to help foster
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different managerial responses and attitudes; this is what Earl (1989) refers to as the
“Opportunity-led” strategy. This opportunity-led strategy focuses on investing in specific
applications that provide and create new opportunities for organizations which are
necessary for developing the business. The ISS for those applications creates and adopts
new strategic opportunities. As a result, there is a need for particular applications that
focus on being flexible. On the other hand, where efficiency is the heart of the business
strategy, the ISS strategy should emphasize efficient execution of some practices (e.g.
enable the organization to share quality information between entities) to support its
business strategy. This is what Earl (1989) refers to as the “Infrastructure-led” strategy.
This ISS helps the business deliver its goods and services in the sector e.g., banks and
retail industries. The infrastructure for those industries, which is an IT-based
infrastructure, becomes the platform for product development. At this point the business
strategy and the ISS is the same thing. Here, the ISS is concerned with laying down
telecommunications networks, rationalizing data standards, creating an appropriate
hardware environment and developing a basic business systems foundation. The ISS
focuses on developing efficient and updated basic systems. In other words, companies
which depends on IS to deliver their products will not care that much if they do not have
specific cutting edge systems. However, the focus of those companies is to obtain highly
standardized and efficient systems to help them deliver their products/services and keep
them in business. The ISS goal here is to invest in applications that helps improve the
efficiency of day-to-day activities. So the question becomes, what are the types of

business strategy that the ISS should support or be derived from?
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Miles and Snow (1978) identified three different business organizational types
which employ different strategies: (1) defenders; (2) prospectors; (3) analyzers.
Defenders are organizations which have narrow product-market domains. They always
try to focus on improving the efficiency of their existing operations by developing a
single core technology that is highly cost-efficient. Prospectors are organizations which
continually search for market opportunities. They always focus on being innovative
which creates uncertainty in the market. Analyzers are organizations which focus on
improving their existing operations and also seek new market opportunities (innovative).
In other words, they use a combination of defenders’ and prospectors’ business strategy.
Venkatraman (1989a) developed an important construct termed Strategic Orientation of
Business Enterprise (STROBE). He assumes that this construct is a multidimensional
construct. Six important dimensions/attributes of (STROBE) are identified in his study:
(1) aggressiveness, (2) analysis, (3) defensiveness, (4) futurity (5) proactiveness, and (6)
riskiness. Sabherwal and Chan (2001) mapped the six STROBE attributes to the business
strategy types (defenders, prospectors, and analyzers). They also mapped four ISS
attributes (operational support systems, market information systems, strategic support
systems, and inter-organizational information systems) to the ISS types (IS for efficiency,
IS for flexibility, and IS for comprehensiveness). They argue that there are three types of
ISS (IS for efficiency, IS for flexibility, and IS for comprehensiveness) corresponding to
the defenders’, prospectors’, and analyzers’ business strategies, respectively. They found
that, for defenders, an IS for efficiency strategy is oriented towards intra and inter-
organizational efficiencies and long term decision making. An IS for flexibility strategy

is focused on market flexibility and quick strategic decisions (suitable for the
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prospectors). Finally, an IS for comprehensiveness strategy enables comprehensive

decisions and quick responses through knowledge of other organizations (suitable for the

analyzers).

In summary, the ISS outlines the applications/technology needed to support an

organization’s goals. The ISS provides a clear understanding of the role of IS in

organizations. Based on the above analysis, this study considers three types of ISS: (1) IS

for efficiency, (2) IS for flexibility, and (3) IS for comprehensiveness. These strategies

are believed to be comprehensive types of ISS based on the types of the business strategy

discussed earlier. Table 2.3 shows the ISS construct and its sub constructs’ definitions.

Table 2.3 The ISS construct, its sub-constructs’ definitions,

and literature

support
Constructs Definitions Literature
Information Systems | The long-term, directional plan which decides | Earl, 1989.
Strategy (ISS) what to do with IT.
IS for Efficiency A strategy that is oriented toward operational | Sabherwal
support of internal and inter-organizational | and Chan,
efficiencies. 2001.
IS for Flexibility A strategy that is focused on market flexibility | Sabherwal
and quick strategic decisions support. and Chan,
2001.
IS for A strategy that enables comprehensive | Sabherwal
Comprehensiveness | decisions and quick responses (both efficiency | and Chan,
and flexibility). 2001.

2.2.1 IS for Efficiency

IS for efficiency

is defined in this study as a strategy that is oriented toward

operational support of intra and inter-organizational efficiencies. A good example of ISS
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for efficiency is investing in operational support systems (i.e. enterprise resource
planning). This application helps in monitoring and controlling the day-to-day operations
that are expected to facilitate operational efficiency (Sabherwal and Chan, 2001).
Moreover, Bakos and Treacy (1986) discuss how ISS helps organizations to be
more efficient by improving the internal operational efficiency of a single firm, and the
inter-organizational efficiencies through better coordination with customers and
suppliers. For example, one might connect the production planning systems of a firm
with the order entry system of suppliers to lower the amount of inventory in process and
the turnaround time for new orders. Therefore, improving coordination and collaboration
of information across suppliers will increase the information availability and process
capability, which will result in reducing the coordination cost and therefore result in

being more efficient (Clemons et al., 1993).

In summary, internal and inter-organizational operations can be made more

efficient if organizations have an ISS that support being more efficient and cost effective.

2.2.2 IS for Flexibility

IS for flexibility is defined in this study as a strategy that is focused on market
flexibility and quick strategic decision support (Sabherwal and Chan, 2001). For
example, strategic decision support systems (SDSS) help organizations make strategic
decisions quickly and effectively by enabling executives to analyze (threats,
opportunities, strengths, and weaknesses), describe strategic situations, select alternative
strategies, and monitor performances (Belardo et al., 1994).

Rockart and Morton (1984) provided a good example of how ISS can be used to

achieve flexibility. When a distributor company decided to use IS to allow customers to
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enter their orders directly, customers started to order directly from the distributor
company. Additionally, customers began to request new items that are not previously
carried by the company. The company decided to use the order data proactively, by
becoming closely involved with their customers and tracking and forecasting their
preferences. As a result, IS was able to help the company to speed up the response time,
introduce new products, and introduce potential new customers.

Porter and Millar (1985) argue that IS leads to flexibility and new product
development. They provided an example of how planning for IS at the strategic level
could lead to achieving flexibility. When General Electric (GE) decided to rebuild its Erie
locomotive facility, they decided to use IS to help them in the design of motors. As a
result, GE was able to design different types of motor frames without the need to use
manual adjustments. This really helped GE to respond faster to the market. Another
example of how IS leads to new product development is Western’s Union link service.
“Western Union’s easy link service (a sophisticated high-speed data-communications
network) allows personal computers, word processors, and other electronic devices to
send messages to each other and to telex machines throughout the world. This service
was not needed before, the spread of information technology caused a demand for it.”
(Porter and Millar, 1985 p. 158).

Furthermore, planning to use IS to select fewer suppliers, monitor their
performance, or store information regarding complaints about the suppliers will help in
coordinating decision making with suppliers through information sharing (Clemons et al.,
1993). Hence, sharing information with suppliers will lead to increased flexibility and

improve timeliness of production (Bakos and Brynjolfsson, 1993).
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2.2.3 IS for Comprehensiveness

Allen and Boynton (1991) suggest that organizations need to face the challenges
of both “low cost and efficient” and of “speed and flexibility”. They argue that in order
for organizations to meet the challenges of the market, organizations need to combine
elements of both (low cost and flexibility) through a revamped IS architecture.

IS for comprehensiveness is defined in this study as a strategy that enables
comprehensive decisions and quick responses (both efficiency and flexibility) (Sabherwal
and Chan, 2001). Allen and Boynton (1991) argue that there are two extreme ways to
achieve IS for both efficiency and flexibility: First, organizations must decentralize the IS
applications so that IS becomes the responsibility of every level of operating
management, and inter-link communications of those applications with suppliers. This is
what they refer to in their study as “the low-road” solution, which will result in
companies achieving a low-cost production and being more efficient. Second,
organizations must centralize IS applications by having common/standardized application
systems that help achieve flexibility. This is what they refer to in their study as “the high-
road” solution. The result of their study shows that companies must combine both
solutions (the high and low-road solutions) to achieve IS for efficiency and flexibility in
order for firms to meet the challenges of the market. A good example of an organization
that takes elements of both solutions is Hewlett-Packard (HP). A manager of HP focuses
on the ISS in order to achieve low cost and flexibility. “The company is an innovator and
is organized with considerable decentralized responsibility throughout its 54
manufacturing sites and 375 sales and service offices. Following a low-road philosophy,

IS is decentralized and IS management is considered a critical part of every manager’s
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responsibility. Yet the corporation has concluded that high-road needs exist for company-
wide data and common systems in five key areas: Sales and service, procurement,
quality, personnel, and accounting.” (Allen and Boynton, 1991 p. 443).

Moreover, Zhang and Lado (2001) argue that ISS plays an important role in
supporting organizational capabilities which convert inputs into outputs, by improving
the operational efficiency and flexibility. Weerakkody and Hinton (1999) provide case
studies to illustrate how organizations should rethink their ISS and redesign their systems
in line with business processes to improve the efficiency, effectiveness, and speed of
product/service.

Sabherwal and Chan (2001) suggest that market information systems help
organizations observe the market in order to respond very quickly to market changes.
They argue that IS for comprehensiveness should help organizations understand and
monitor the market (external analysis) to seek any opportunity (by making quick
decisions), to introduce new products, and to help organizations maintain their position in
the market. In other words, IS should assist in, first understanding the market, then
making quick decisions to introduce new products and to maximize any opportunities for
growth. McLaren et al. (2004) expand on this by arguing that ISS should support SCM to
enable operational efficiency, flexibility, internal planning and analysis, and external
planning and analysis. They refer to such IS in the supply chain as “enterprise or inter-
organizational systems used to coordinate information between the manufacturers,
suppliers, distributors, and other partners in the supply chain” to reduce costs and

increase the responsiveness of their supply chain.
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2.3 Supply Chain Management (SCM) Practices

SCM includes a set of approaches and practices that effectively integrate
suppliers, manufacturers, distributors, and customers to improve the long-term
performance of firms and their supply chains (Chopra and Meindl, 2001). These practices
represent opportunities for organizations to differentiate themselves on the basis of
superior performance in the context of demand forecasting, product availability,
inventory management, and distribution (Zielke and Pohl, 1996). Thus, organizations that
successfully implement SCM practices achieve superior supply chain performance. This,
however, requires internal cross-functional integration within a firm and external

integration with suppliers or customers (Narasimhan, 1997).

In this study, SCM practices are defined as a set of activities aimed at improving
the performance of the supply chain (Li et al., 2005; Li et al., 2006; Wong et al., 2005;
Zhou and Benton, 2007; Koh et al., 2007). Table 2.4 shows the SCM practices construct
and its sub constructs’ definitions and literature support.

Table 2.4 The SCM practices construct, its sub-constructs’ definitions, and

literature support

Construct

Definition

Literature

SCM practices

A set of activities aimed at
improving the performance of
the whole supply chain.

Lietal., 2005; Li et
al., 2006; Wong et al.,
2005; Zhou and
Benton, 2007; Koh et
al., 2007.

Strategic supplier
partnership

The long term relationship
between the organization and
its suppliers to influence the
strategic ~and  operational
capabilities of  individual
participating companies to

Lietal., 2005; Li et
al., 2006; Monczka et
al., 1998.
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help them achieve significant
ongoing benefits.

Customer relationship

The entire array of practices
that are employed for the
purpose of managing
customer complaints, building
long-term relationships with
customers, and improving
customer satisfaction.

Lietal., 2005; Li et
al., 2006; Claycomb et
al., 1999; Tan et al.,
1998.

Internal lean practices

The practices of eliminating
waste (cost, time, etc.) in
manufacturing systems,
characterized by reduced set-
up times, small lot sizes, and
pull-production.

Li et al., 2006; Li et
al., 2005; Handfield
and Nichols 1999;
Mason-Jones and
Towill 1997; Mclvor
2001; Taylor 1999;
Womack and Jones
1996.

Postponement

The practice of moving

forward one or more
operations or activities
(making, sourcing and

delivering) to a much later
point in the supply chain.

Lietal., 2006; Li et
al., 2005; Naylor et al.,
1999; van Hoek et al.,
1999; Beamon, 1998.

Information sharing

The extent to which critical
and proprietary information is
communicated to one’s supply
chain partner.

Li et al., 2005; Li and
Lin, 2006; Monczka et
al., 1998; Li et al.,
2006; Mohr and
Spekman, 1994.

Information quality

The extent to  which
information  exchange 1is
accurate, timely, complete,
adequate, and credible.

Li and Lin, 2006; Li et
al., 2005; Monczka et
al., 1998; Li et al.,
2006; Mohr and
Spekman, 1994.

Tan et al. (2002) recognized six aspects of SCM practices through factor analysis

addressing various aspects of supply and material management issues, ranging from a

broad- based supply chain integration to more specific just-in-time (JIT) capabilities.

Zhou and Benton (2007) consider only three categories of supply chain practices: supply
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chain planning, JIT production, and delivery practices. Table 2.5 provides a list of SCM
practices used in previous literature.

In the absence of consensus on a common set of SCM practices and, since the
literature describes SCM practices from a variety of different perspectives with a
common goal of improving supply chain performance and therefore improving
organizational performance, this study intends to focus on the commonalities among
these practices. They are as follows: (1) strategic supplier partnerships, (2) customer
relationships, (3) internal lean practices, (4) postponement, (5) information sharing, and
(6) information quality. This study considers the impact of aligning these SCM practices
with the usage of IT in order to achieve a better supply chain management performance
and ultimately better firm performance.

Table 2.5 A list of SCM practices and literature support

SCM practices References

Building alliances with suppliers Donlon, 1996.
Outsourcing

Reducing cycle times
Continuous process flow
Sharing information technology

Purchasing Tan et al., 1998.
e Quality
e (Customer relations

e Concentration on core competencies Alvarado and Kotzab, 2001.
e Use of inter-organizational systems (e.g. EDI)
Elimination of excess inventory levels

Supply chain integration Tan et al., 2002.
Information sharing

Supply chain characteristics
Customer service management
Geographical proximity
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JIT capabilities

Logistics

Supplier relations
Customer relations
Production

Ulusoy, 2003.

Vision and goals that are agreed upon
Information sharing

Cooperation

Process integration

Long term relationships

Supply chain leadership that is agreed upon

Min and Mentzer, 2004.

Supplier-based reduction
Long-term relationships
Communication
Cross-functional teams
Supplier involvement

Chen and Paulraj, 2004.

Strategic supplier partnerships
Customer relationships
Information sharing
Information quality

Internal lean practices
Postponement

Delivery dependability

Time to market

Li et al., 2005.

Leadership

Intra-organizational relationships
Inter-organizational relationships
Logistics

Process improvement orientation
Information systems

Business results and outcomes

Burgess et al., 2006.

Supply chain planning
JIT
Delivery practice

Zhou and Benton, 2007.

Close partnership with suppliers
Close partnership with customers
JIT supply

Koh et al., 2007.
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Strategic planning

Supply chain benchmarking

Few suppliers

Holding safety stock and sub-contracting
E-procurement

Outsourcing

3PL

Subcontracting

Many suppliers

2.3.1 Strategic Supplier Partnership

Dyer et al. (1998) suggest that not all suppliers should be considered as strategic
suppliers. They argue that, first, suppliers should be analyzed strategically to determine
which suppliers contribute to the core competence and competitive advantage of the
buying firm. Only then should companies conduct a strategic supplier partnership with
them. Sarkis and Talluri, (2002) propose an analytical network process (ANP) model to
address the selection of strategic suppliers. The ANP model shows a graphical
representation of analytical network hierarchy for strategic supplier selection. The model
consists of a number of factors that determine how to select strategic suppliers. One of
those factors is the strategic performance metric. Strategic performance metrics focus on
considering the quality, cost, delivery speed, and flexibility of the suppliers in
determining whether they are strategic suppliers.

Strategic supplier partnerships require a high degree of coordination between the
organization and its suppliers; companies tend to have a long-term relationship with
suppliers that create value to each party. In this study, a strategic supplier partnership is
defined as the long term relationship between the organization and its suppliers which

influences the strategic and operational capabilities of individual participating companies
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to help them achieve significant ongoing benefits (Li et al., 2005; Li et al., 2006;
Monczka et al., 1998).

It is important to differentiate a strategic supplier partnership from a simple long-
term partnership. A strategic supplier partnership is not only about buying goods and
services from suppliers, but it is also about impacting the suppliers’ systems and
operational capabilities, adding value to the goods and services, and improving the
performance of the whole supply chain (Monczka et al., 1998). This kind of partnership
emphasizes a direct, long-term association with suppliers, encouraging mutual planning
and problem solving efforts, and selecting fewer suppliers (Maloni and Benton, 1997,
Gunasekaran et al., 2001). Furthermore, Graham et al. (1994) found that a strategic
supplier partnership improves the quality of supplier operations and improves the quality
of parts that are supplied, which results in better product quality. Thus, strategic
partnerships will encourage suppliers to be involved and participate in quality
certification programs. In another empirical study on strategic supplier partnership, Stuart
(1993) suggests that sharing of information, continuous improvement, and the joint
problem-solving effort are the keys to a successful strategic partnership with suppliers.
2.3.2 Customer Relationship

Tan et al. (1998) suggest that customer relationship is an important element of
SCM practices; it involves the downstream element of SCM. In their study, customer-
relations practices include the following: evaluating customer complaints, following-up
with customers for feedback, enhancing customer support, predicting key factors
affecting customer relationships, predicting customers’ future expectations, interacting

with customers to set standards, and measuring customer satisfaction. Furthermore, the
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result of their survey suggests that firms that have strong customer relationships are
confident in their ability to evaluate customer complaints and provide support to their
customers.

Customer relationship is defined as the entire array of practices that are employed
for the purpose of managing customer complaints, building long-term relationships with
customers, and improving customer satisfaction (Li et al., 2005; Li et al., 2006).
According to Ulusoy (2003) customer satisfaction, customer services, and delivery
performance are the elements of customer relationship. He suggests that meeting
customers’ requirements and expectations are broad indicators of customer satisfaction.
Additionally, feedback from customers helps improve product design to meet customer
expectations.

Vickery et al. (2003) emphasize the importance of establishing a close customer
relationship as a major practice of supply chain integration to enable organizations to
respond faster to customers. As the demand for customized products and personalized
services increases, so does the need to have close relationships with customers (Wines,
1996). Furthermore, Tu et al. (2004) hypothesize that close customer contact will lead to
higher levels of mass customization capabilities. This suggests that close and continuous
interaction with customers is essential for organizations to develop highly customized
products.

2.3.3 Internal Lean Practices

Global challenges during the past two decades have forced manufacturing firms to

adopt new approaches/concepts to sustain a competitive advantage. Among those

approaches is the concept of internal lean practices (Shah and Ward, 2003). They
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reviewed the literature and identified a list of lean manufacturing practices: bottleneck
removal (production smoothing), cellular manufacturing, competitive benchmarking,
continuous-improvement programs, cross-functional work forces, cycle time reduction,
focused factory production, lot sizing reduction, maintenance optimization, new process
equipment/technologies, planning and scheduling strategies, preventive maintenance,
process capability measurements, pull production/Kanban, quality management
programs, quick changeover techniques, reengineered production processes, safety
improvement programs, self-directed work teams, and total quality management.

Just as manufacturing firms are required to change and adopt lean practices, so are
the firm’s suppliers. Li et al. (2005) suggest that if organizations do not attempt to
eliminate waste from their internal supply chain, then the organization will run the risk of
losing customers. Hence, organizations must extend lean practices down through the
supply chain in order for the company to gain the full effectiveness of the lean system
(Mclvor, 2001).

Internal lean practices are defined as the practices of eliminating waste (cost,
time, etc.) in manufacturing systems, characterized by reduced set-up times, small lot
sizes, and pull-production (Li et al., 2005, Li et al., 2006). Lean practices focus on
eliminating waste. The former president of Toyota, Fujio Cho, defines waste as “anything
other than the minimum amount of equipment, materials, parts, and workers (working
time) which are essential to production”. Furthermore, Fujio Cho identified seven types
of waste to be eliminated from the supply chain: (1) waste from overproduction, (2)
waste of waiting time, (3) transportation waste, (4) inventory waste, (5) processing waste,

(6) waste of motion, and (7) waste from production (Jacobs and Chase 2008).
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2.3.4 Postponement

Postponement is defined as the practice of moving forward one or more
operations or activities (making, sourcing, and delivering) to a much later point in the
supply chain (Li et al., 2006; Li et al., 2005; Naylor et al., 1999; van Hoek et al., 1999;
Beamon, 1998). Firms adopt postponement strategies to sustain competitive advantage.
Hence, by keeping materials undifferentiated for as long as possible, companies such as
Dell are able to (1) increase their flexibility in responding to changes in customer demand
and (2) achieve cost-effectiveness in the supply chain by keeping undifferentiated
inventories (van Hoek et al.,1999).

The literature has identified different types of postponement strategy. For
instance, Pagh and Cooper (1998) distinguish between manufacturing, logistics, and full
postponement. A manufacturing postponement strategy is one in which the final
assembly of the product is often carried out by a third-party (3PL) logistics service
provider. A logistics postponement strategy is relevant when a distribution center
supplies dealers with spare parts. A full postponement strategy is a combination of both
(manufacturing and logistics postponement strategies). In another study, van Hoek (1999)
identifies three types of postponement strategy: form, time, and place. A form
postponement (manufacturing postponement) means that a company will delay
manufacturing, assembly or even design activities, until customers’ orders are received,
this is what Mikkola and Skjett-Larsen (2004) refer to as modularization. Time and place
postponement strategies which are referred to as (logistics strategy) suggest that goods
are stored at central distribution points in the supply chain. Table 2.6 provides a list of

postponement strategies and literature support.
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Table 2.6 A list of postponement strategies and literature support

Postponement Strategies Literature
support
Generic supply chain postponement and speculation
strategies
e The full speculation strategy Pagh and cooper,
e The logistics postponement strategy 1998.
e The manufacturing postponement strategy
e The full postponement strategy

Generic types of postponement

e Form
e Time

van Hoek, 1999.
e Place

Supply chain postponement strategies for global brands
Bundle manufacturing strategy

Unicentric strategy Cooper, 1993.
Deferred assemble strategy
Deferred packing strategy

Strategies for form postponement

e Labeling Zinn and

e Packaging Bowersox, 1988.
e Assembly

e Manufacturing

e Time

Speculation-postponement strategy and a continuum of
standardization/customization

Purchasing postponement Yang and Burns,
Manufacturing postponement 2003.
Assembly postponement

Packaging/labeling postponement
Logistics postponement

Yang and Burns (2003) argue that the implementation of postponement strategies
will often results in reconfiguration of the supply chain and often place the warehouse

where the final assembly is processed. Waller et al. (2000) suggest that postponement can
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be extended further upstream in the supply chain to suppliers of raw materials or
downstream in the supply chain to distributors and retailers. They argue that
postponement decisions should be made with respect to SCM in market-oriented
organizations. In other words, companies should consider their SCM capabilities, and
coordinate appropriate changes in postponement among suppliers to achieve faster
production and cost reduction.

2.3.5 Information Sharing

Li et al. (2005) emphasize the importance of information sharing to SCM practice.
The main principle of SCM is sharing of information within supply chains (Moberg et al.,
2002). By sharing information with members of the supply chain, an organization can
respond more quickly to the customer’s changing needs (Li and Lin, 2006).

Information sharing is defined as the extent to which critical and proprietary
information is communicated to one’s supply chain partner (Li et al., 2005; Li and Lin,
2006; Monczka et al., 1998; Li et al., 2006; Mohr and Spekman, 1994).

Mohr and Spekman (1994) suggest that information sharing and being
knowledgeable about each other’s business help partners maintain their relationship for a
longer time. Thus, it will reduce uncertainties in the market if supply chain members have
more information and knowledge about other members (Yu et al., 2001). Furthermore,
Frazier et al. (1988) suggest that organizations should share and exchange information
with their suppliers regarding production plans, core product, process design, schedules,
and product development to create synergies between the organization and its suppliers.
This synergy will increase the ability of supply chains to react effectively to sudden

changes and uncertainties in the market (Lee, 2000).
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2.3.6 Information Quality

As we noted earlier, sharing information is important for the functioning of the
supply chain. However, sharing quality information between members of the supply
chain is important as well. For instance, sharing information within the entire supply
chain can create flexibility, but this requires accurate and timely information (Jarrel,
1998). Moberg et al. (2002) argue that accuracy, timeliness, and proper formatting of the
information determine the quality of the information. They suggest that supply chain
members emphasize the importance of having accurate, timely, and properly formatted
information to fully realize the value of information exchange among them. Hence,
managers may not even use information coming from their partners if the information has
poor quality.

Information quality is defined as the extent to which information exchange is
accurate, timely, complete, relevant, and credible (Li and Lin, 2006; Li et al. 2005;
Monczka et al., 1998; Li et al., 2006; Mohr and Spekman, 1994). Inaccurate and missing
data will add costs to the supply chain and can drive poor performance. Chopra and
Meindl (2001) argue that information must be accurate, accessible in a timely manner,
and valuable when making supply chain decisions. Inaccurate and missing data will make
it very difficult for managers to make good decisions as it will not provide the manager
with a true picture of the situation of the supply chain. For example, Wal-Mart collects
data in real time on what products are being purchased at each store of its stores and
send these data back to the manufacturers to determine how much inventory to hold at
each store and to decide when to ship new loads of products from the manufacturer.

Chopra and Meindl (2001) provide many examples of how inaccurate and missing data
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results in an increase in materials inventory and adds costs to the supply chain.
Furthermore, Vijayasarathy and Robey (1997) argue that the more accurate, timely and
complete information is, the fewer misunderstandings and misinterpretations between
trading partners occur and the better the coordination between them is.
2.4 Information Technology Utilization

Porter and Millar (1985) argue that every value activity in the value chain requires
usage of information in some way that differs from other activities. For example, a
logistic activity utilizes IT for scheduling promises, transportation rates, and production
plans to ensure timely and cost effective delivery. On the other hand, a company could
use IT to enhance its ability to exploit internal activities as well as external activities i.e.
coordinate their activities closely with suppliers and customers. Ward (1987) suggests
that IS should be utilized to influence company growth, offset competitive threats, and
enable business strategies to be implemented and sustained. Earl (1989) classifies IT
usage in the supply chain as follows: (1) technology that can improve the physical task of
any activity e.g., computer controlled machine tools in assembly operations, (2)
technology that can physically connect or control activity linkages e.g., communications
linkages between production and distribution centers, (3) information systems that can
support or manage the value activities e.g., inventory control systems, and (4)
information systems that can coordinate activities across linkages e.g., CAD-CAM
systems for computer integrated manufacturing. This implies that IT can be utilized in
different ways and for different purposes. Benjamin et al. (1984) developed a strategic
opportunities framework to utilize IT. The framework suggests that companies can

effectively utilize IT to gain competitive advantage by either focusing on an internal set
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of manufacturing processes to improve operations, or by creating strategic external links
with suppliers and customers. In another study, Kyobe (2004) argues that IT resources
such as hardware and software can be strategically utilized to achieve competitive
advantage. Companies might focus on utilizing IT for internal operations or for external
relationships i.e., improving customer services and links with suppliers by sharing useful
information and obtaining reductions in cost. Narasimhan and Kim (2001) propose
measuring IT utilization using the following three sub-constructs: (1) IS for value
creation management (e.g., customer management systems, sales management systems,
and inventory management systems), (2) IS for logistic operations (e.g., automatic
ordering systems, resource management systems, transportation management systems,
and forecasting systems), and (3) IS for infrastructural support (e.g., network plan/design
systems, office information systems, and accounting information systems). McFarlan and
McKenney (1983) developed a framework of information management with a ,,strategic
grid’ and suggested some forms of planning, organizing, and controlling information
resources in each quadrant of the strategic grid. Hence, the strategic grid helps
management to position a firm appropriately based on the strategic impact of IT. The IT
strategic grid consists of four quadrants. In the first quadrant, IT can be seen as a support
to activity planning in which IS can represent islands of specialist technology that are
introduced to help innovate the manufacturing processes. In the second quadrant, IT can
be seen as a factory in which IT can help in planning and controlling daily production.
Quality and other operational controls are important in running the business. In the third
quadrant, IT is considered as a turnaround mechanism. Here senior executives consider

IT to be critical to the organization’s growth i.e., a top IT executive is appointed to
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oversee this. Finally in the forth quadrant, IT can be seen as truly strategic. In this case,
the company will not function without IT i.e., new product development is computer
based. From the previous discussion above, it is clear that the literature describes IT
utilization from a variety of different perspectives. A firm may utilize information
technology to assist in externally-focused strategic planning, to support its internal
operations, and/or to build its information processing infrastructure (Narasimhan and
Kim, 2001; Kim and Narasimhan, 2002; Benjamin et al., 1984; Kyobe, 2004; Boynton et
al., 1994). This study identifies different aspects of IT utilization relevant to
organizations: (1) strategic IT utilization which will be referred to in this study as the
external focus of IT i.e., suppliers and customers, (2) operational IT utilization which will
be referred to as the internal focus of IT i.e., daily production, and (3) infrastructural IT
utilization i.e., the use of networks, servers, databases, platforms and other elements of IT
that comprise organizational IT infrastructure. Table 2.7 shows the information

technology utilization construct and its sub constructs’ definitions and literature support.

Table 2.7 Information technology utilization construct definition and its sub-

constructs’ definitions and literature support

Construct Definition Literature

Information Technology The method a firm uses to utilize | Narasimhan and

Utilization information technology to assist in | Kim, 2001; Kim
external strategic decision | and Narasimhan,

planning and to support internal | 2002; Benjamin
operational and infrastructural | et al., 1984;

decisions. Kyobe, 2004;
Boynton et al.,
1994.
External Focus on IT The extent to which firms uses IT | Wiseman, 1988;
for formulating and improving | Benjamin et al.,
inter-organizational planning | 1984; Cash Jr.
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processes with respect to suppliers
and customers.

and Konsynski,
1985.

Internal Focus on IT

The extent to which firms uses IT
for monitoring and improving
internal processes.

Benjamin et al.,
1984; Boynton
et al., 1994.

Infrastructural Focus on
IT

The extent to which firms use IT to
facilitate information sharing and
data communication.

Narasimhan and
Kim, 2001; Kim
and

Narasimhan,
2002; Weill,
1993; McKay
and Brockway,
1989.

2.4.1 External Focus on IT

The external focus on IT in this study is defined as the extent to which firms
deploy IT applications for formulating and improving inter-organizational planning
processes with respect to suppliers and customers (Wiseman, 1988; Benjamin et al.,
1984; Cash Jr. and Konsynski, 1985). Earl (1989) suggests that one of the purposes of
using IT strategically is to share responsibilities with suppliers; this may be achieved by
setting up automatic orders with suppliers. Moreover, this could result in having long-
term relationships with suppliers and selecting suppliers with the lowest cost or best
services. An example of a strategic IT utilization is given in Earl (1989, p. 56) when
“Ford had set up CAD links with their suppliers and reduced design costs, reduced the
time taken in, and error rate of design and specification changes and improve parts stock
and acquisition procedures. No doubt like the Japanese automakers, such links
eventually will be developed with only one or two key suppliers of each product to
integrate suppliers into their computer integrated manufacturing so that both the

automakers and the supplier share growth and performance improvements together.”
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This example clearly shows that IT is creating strategic links between organizations and
their key suppliers. As a result, companies can coordinate their actions closely with their

suppliers.

In another study, Parsons (1983) argues that utilizing IT strategically may change
the relationship between an industry and its suppliers. For example, the use of
sophisticated quality control systems is forcing suppliers to become more quality
conscious. Thus, utilizing IT strategically will also help in selecting and considering
certain suppliers for a partnership. Additionally, Parsons argues that IT can also
contribute to superior customer service by providing historical customer profiles,
increasing the availability of spare parts, and by improving the responsiveness to

customer needs.

Benjamin et al. (1984) provide five case studies as examples of how companies
can strategically utilize IT to gain competitive advantage. Their examples focus
externally on IT utilization in regards to the company’s suppliers and customers. For
instance, IT is utilized strategically “to have close interconnection between production
facilities and key suppliers, to simplify ordering processes for customers, to improve
customer’s satisfaction through faster, high quality response time and improved
productivity; and to facilitate the way they support their customers” (Benjamin et al.,
1984 p. 4, 5, and 6). This clearly shows that companies are strategically utilizing IS to
improve customer satisfaction through faster, high quality response time, reduced

customer complaints, and increased customer loyalty by improving customer service.
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2.4.2 Internal Focus on IT

The internal focus on IT refers to the extent to which firms deploy IT applications
for monitoring and improving their internal processes (Benjamin et al., 1984; Boynton et
al., 1994). Digital Equipment Corporation provided a good example of how to utilize IS
to improve an internal set of manufacturing processes when it used an “expert system” to
help improve key internal operations (Benjamin et al., 1984). Weerakkody and Hinton
(1999) provide a case study to demonstrate the role of IT in enabling business process
reengineering (BPR) programs. Hence, BPR plays an important part in providing quality

product.

One way to improve internal processes is through postponement, which involves
fundamental changes to a company’s manufacturing processes and internal operations.
Using IT is essential to support the implementation of postponement (Prats, 2003). The
rational of postponement strategy is to delay some of the activities of production after the
information about customers’ demand is known (Yang and Burns, 2003). In this sense,
companies may have to wait until exact information of customers’ demand is available.
Here IT plays an important role in postponement by enabling the sharing of customers’
demand information in a timely manner without distortion. For example, electronic data
interchange (EDI) and a point-of-sale system may improve the information flow between
manufacturer and suppliers by reducing the data collection errors and moving data
quickly. This will transmit customers’ demands and, therefore, enhance the value of

postponement (Yang et al., 2004).

Another way to improve internal processes is through sharing information among

all parts of the organization. For instance, successfully implementing an Enterprise
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Resource Planning (ERP) system may help companies gain competitive advantage by
integrating business processes and optimizing the resources available. As organizations
share and integrate information through ERP systems, they will have more control over
their operations by connecting and integrating all business processes so that workers (1)
use less time to perform tasks and (2) have faster access to the information which
improves the time and information for decision making (Zeng et al., 2003). In addition,

ERP has also been credited with reducing manufacturing lead times (Goodpasture, 1995).

Suzaki (1987) identifies several approaches to internal process improvement i.e.
developing quick setup, eliminating waste, and using lots sizes of one. According to
Suzaki, the key that helps in implementing approaches to improve internal processes is
having information and control systems that provide information on time, so firms can

use it to facilitate further improvement in operations.

2.4.3 Infrastructural focus on IT

The infrastructural focus on IT refers to the extent to which firms use IT to
facilitate organization-wide information sharing and data communication across data
networks (Narasimhan and Kim., 2001; Kim and Narasimhan., 2002; Simchi-Levi et al
2003; Weill, 1993; McKay and Brockway, 1989). The IT infrastructure generally
provides the foundation to enable present and future communication. This infrastructure
usually includes: (1) platforms technology, (2) network and telecommunication
technologies, (3) key data, and (4) core data-processing applications (Duncan, 1995). In
another study, Simchi-Levi et al. (2003) suggest that IT infrastructure forms the basis for

data collection, transactions, system access, and communication. They believe that IT
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infrastructure typically consists of four components: (1) interface/presentation devices,

(2) communications, (3) databases, and (4) system architecture.

Narasimhan and Kim (2001) hypothesize that IT utilization for infrastructure
support has a direct influence on using IT for value creation activities. In other words,
they argue that the IT infrastructure provides the basis (foundation) for establishing
strategic linkages with suppliers and customers. In the context of SCM, Rai et al. (2006)
argue that data consistency (which is defined as the degree to which common data
definitions and consistency in stored data have been established across a focal firm’s
supply chain), and cross-functional application integration (which is defined as the degree
of real-time communication of a focal firm’s function-specific SCM applications with
each other) are critical elements of IT infrastructure integration for SCM. The result of
their study suggests that data quality and standards are facilitators in the process of

supply chain integration.

Simchi-Levi et al. (2003) suggest that without communication and database
capabilities, which they refer to as “IT infrastructure”, critical organizational goals may
not be achieved. Hence, the IT infrastructure is a critical factor in the success or failure of
any system implementation. Furthermore, Weill (1993) suggests that IT infrastructure
provides flexibility so that firms can handle different customers’ needs without increasing

cost.

2.5 Supply Chain Management (SCM) Performance
Different researchers have attempted to measure SCM performance in different

ways. To assist firms in measuring the effectiveness of their supply chains, the Supply-
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Chain Council (SCC) developed the Supply-Chain Operations References (SCOR)
model. The SCOR model provides a common process-oriented language for
communicating among supply-chain partners in the following decision areas: planning,
sourcing, making, and delivering (Lockamy and McCormack 2004)

In spite of the importance of measuring SCM performance, organizations often
lack the insight for the development of effective performance measures and metrics for
SCM performance (Gunasekaran et al., 2001). Furthermore, Holmberg (2000) noted a
number of problems in measuring SCM performance. He argues that measuring the
activities of SCM performance is fragmented within and across organizations. He briefly
summarizes the measurement problems as follows: (1) lack of connection between
strategy and measurement, (2) too much reliance on financial figures as the key
performance indicators, (3) too many isolated and incompatible measures, and finally (4)
use of a single-firm management style when measuring the supply chain.

In another study, Beamon (1999) presents a number of characteristics that are
found to be valuable in measuring SCM performance: inclusiveness (measuring all
related aspects), universality (allowing for comparison under various operating
conditions), measurability (having data which are measurable), and finally consistency
(performance measures consistent with the organizations’ goals). Based on the above
guideline, Beamon (1999) argues that measuring SCM performance should include three
types of performance measurement: (1) resources measurement (generally efficient), (2)
output measurement (generally customer satisfaction), and finally (3) flexibility (how
well the system reacts to uncertainty). Each type is vital in measuring the SCM

performance.
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Although a growing body of literature has developed many different ways to
measure performance for SCM (integration, customer service, cost effectiveness,
inventory level, service level, throughput efficiency, suppliers’ performance, time, assets,
flexibility, information and material flow integration, and delivery performance),
researchers point to the need for continued studies in this area (Holmberg, 2000;
Beamon, 1999; Morgan, 2004; van Hoek, 1998).

In this study SCM performance is defined as the overall efficiency and
effectiveness of SCM (Gunasekaran et al., 2001; Beamon, 1998; Beamon, 1999; Kiefer
and Novack, 1999; Spekman et al., 1998). In this research, SCM performance will be
measured through: supply chain flexibility, supply chain integration, and customer
responsiveness. Those three dimensions of SCM performance are intended to cover the
three types of performance measurement suggested by Beamon (1999): supply chain
flexibility (flexibility measures), supply chain integration (resources measure), and
customer responsiveness (output measure). Table 2.8 shows the SCM performance

construct and its sub constructs’ definitions and literature support.

Table 2.8 SCM performance construct and its sub-constructs’ definitions and

literature support

Construct Definition Literature
SCM Performance The overall efficiency and | Gunasekaran et  al,
effectiveness of SCM. 2001; Beamon, 1998;

Beamon, 1999; Kiefer
and Novack, 1999;
Spekman et al., 1998.
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Supply Chain Flexibility | The ability of supply chain | Vickery et al., 1999;
partners to effectively adapt | Kumar et al., 2006.

or respond to change that
directly impacts an
organization’s customer.

Supply Chain Integration | The extent to which all the | Stevens, 1990; Stock et
activities within an | al., 1998; Stock et al.,
organization, suppliers, and | 2000; Narasimhan and
customers are integrated | Jayaram, 1998.

together.
Customer A firm’s ability to respond | Tunc and Gupta, 1993;
Responsiveness in a timely manner to | Chen etal., 2004.

customers’ needs and wants.

2.5.1 Supply Chain flexibility

The need for flexibility originates from customers; since customers ask for
variety, quality, competitive prices, and faster delivery. This has forced companies to
make design changes quickly and respond faster to customer needs in order to sustain the
company’s competitive advantage. As a result, companies need to be flexible enough to

react to changes in customers’ demands (Aggarwal, 1997).

Most of the previous literature has focused on manufacturing flexibility (Kumar et
al., 2006; Duclos et al., 2003). However, as the basis of competition expands to the
supply chain, supply chain flexibility is becoming increasingly important (Duclos et al.,
2003). Thus, there i1s a need for new supply chain flexibility framework and a

comprehensive analysis of supply chain flexibility.

In this study, supply chain flexibility is defined as the ability of supply chain
partners to effectively adapt or respond to changes that directly impact an organization’s

customer (Vickery et al., 1999; Kumar et al., 2006). Furthermore, Vickery et al. (1999,
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p.16) state that supply chain flexibility “should be examined from an integrative,
customer-oriented perspective.” They propose five dimensions to measure supply chain
flexibility. Since the definition of supply chain flexibility in this study has a customer-
oriented perspective, this research will adopt the five dimensions that measure supply

chain flexibility proposed by Vickery et al., (1999).

Vickery et al. (1999) propose that supply chain flexibility can be measured by the
following five dimensions: (1) product flexibility or the ability to customize product to
meet specific customer demand, (2) volume flexibility or the ability to adjust capacity to
meet changes in customer quantities, (3) new product flexibility or the ability to launch
new revised products; (4) distribution flexibility or the ability to provide widespread
access to products, (5) responsiveness flexibility or the ability to respond to target

markets’ needs.

2.5.2 Supply Chain Integration

Stock et al. (1998) suggest that there are two kinds of logistics integration: (1)
internal integration which reflects the extent to which logistics activities interact with
other functions’ areas, and (2) external integration, which is known as “supply chain
integration,” that reflects the integration of logistics activities across firm boundaries to
include suppliers and customers. This integration deals with sharing resources, risk, and
knowledge between supply chain partners (Kim et al., 2006). Furthermore, Frohlich and
Westbrook (2001) classified supply chain integration into two types. The first type of
integration involves coordinating and integrating the forward physical flow of deliveries

between suppliers, manufacturers, and customers. The second type of integration
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involves the backward coordination of information technologies and the flow of data

from customers, to manufacturers, to suppliers.

In this study, supply chain integration is defined as the extent to which all the
activities within an organization, suppliers, and customers are integrated together
(Stevens, 1990; Stock et al., 1998; Stock et al., 2000; Narasimhan and Jayaram, 1998).
Supply chain integration requires effective communication among all members of the
supply chain, which means that information systems must be integrated too (Turner,
1993). Moreover, Lee (2000) suggests that there are three key dimensions that constitute
supply chain integration and they are: (1) information integration which refers to the
sharing of information and knowledge among members of the supply chain i.e. demand
information, inventory status, and capacity plans, (2) coordination which refers to the
redeployment of decision-making authority, work, and resources to the best-position in
the supply chain i.e. letting other suppliers replenish their inventory, and finally (3)
organizational linkage which means tight organizational relationships with suppliers i.e.

joint performance measures.

Supply chain integration can provide a firm with the opportunity to focus on its
core competencies and particular areas of expertise (Simchi-Levi et al., 2003). It will also
lead to the amplification of key resources be enabling the sharing of special resources and
technological knowledge between the firm and its supply chain partners (Vickery et al.,
2003). Such integration will not only help supply chains to reduce costs and be more
efficient, but it will also create value for the company, its supply chain partners, and its

shareholders (Lee, 2000).
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2.5.3 Customer Responsiveness

Williamson (1991) examined the role of the supplier’s strategy in achieving
customer responsiveness. Furthermore, Owens and Richmond (1995) suggest that
achieving customer responsiveness not only involves a supplier strategy, but also
includes the entire SCMS. They argue that the overall objectives of SCMS should be: (1)
to become increasingly responsive to customer needs, and (2) to create value for the
customer. As a result, the performance of SCM must be measured by its responsiveness

to customers (Lee and Billington, 1992).

In this study, customer responsiveness is defined as a firm’s ability to respond in a
timely manner to customers’ needs and wants (Tunc and Gupta, 1993; Chen et al., 2004).
According to Beamon (1998) and Lee and Billington (1992), measuring customer
responsiveness should include the following: lead time, stockout probability, order fill
rate, total cycle time, average backorder levels, total respond time to an order, order

lateness or earliness, and backlog profile.

Customer responsiveness is directly linked to information, in which appropriate
use of information is essential to achieve customer responsiveness. To support this
argument, Daugherty et al. (1995) conducted an empirical study to explore the
relationship between information availability and customer responsiveness. The result of
their study suggest that information availability and customer responsiveness are

positively related which resulted in improving firm performance.

53



2.6 Firm Performance

The literature does not agree on a basic terminology and definition of firm
performance (Venkatraman and Ramanujam, 1986). For instance, some researchers
prefer to measure firm performance based on accounting data (financial indicators) such
as ROI or return on assets (ROA) (Tan et al., 1999). Others argue that market or value
measurement such as product quality and new product development are more appropriate
than accounting-based measurements (Hax and Majluf, 1984). As a result, Yamin et al.
(1999) developed a broader framework of firm performance that includes non-financial
indicators in addition to financial performances.

In this study, firm performance refers to how well a firm achieves its market-
oriented goals as well as its financial goals (Yamin et al., 1999). With regards to the
financial goals, Yamin et al., (1999) posit 18 performance measurements (they are the
accounting-based measurements such as ROI, percentage in market share, rapid turnover
of inventories, ROA, etc...). As previously mentioned, this definition is believed to have
a comprehensive framework of firm performance and has been adopted in previous
studies (Li et al., 2006) to measure the impact of SCM practices on firm performance. Li
et al., (2006) measured firm performance through its market share, ROI, the growth of
market share, the growth of sales, growth in return on investment, profit margin on sales,
and overall competitive position. Table 2.9 shows a firm performance construct definition

and literature support.
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Table 2.9 Firm performance construct and literature support

Construct

Definition

Literature

Firm Performance

How well a firm achieves its market-
oriented goals as well its financial
goals.

Yamin et al., 1999;
Li et al., 2006.
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Chapter 3

Theoretical Framework and Hypothesis Development

This chapter presents the theoretical foundation for this research, the research

model, and the research hypothesis.

3.1Contingency Theory

The essence of the contingency theory implies that fitting the characteristics of the
organization (i.e., technology, organization size, and strategy) to contingencies that
reflect the situation of the organization leads to high organization performance
(Donaldson, 2001). Lawrence and Lorsch (1967) proposed a contingency theory of
organization in which they argued that an organization must establish a “fit” between its
internal structure and its external environment. Burns and Stalker (1961) argued that
different kinds of management systems are appropriate to different kinds of technical
environments. For instance, the flexible and decentralized structure (organic structure) is
more suitable to a dynamic environment, while a centralized structure (mechanistic

structure) is more appropriate under a stable environment.

Chandler (1962) argues that structures follow strategy in organizations. The
strategy is the determination of long-term goals and objectives, courses of action and
allocation of resources. The structure is the way the organization is put together to

administer the strategy, with all the hierarchies and lines of authority that the strategy
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implies. As different strategies create different administration needs, organizational
structure will eventually change to accommodate these needs. Mintzberg (1981) argues
that the key to organizational success is matching or fitting the parts and characteristics of

organizational structures to one another.

Galbraith (1973) discussed the contingency theory from the perspective of the
information processing in organizations by developing an information processing model
to explain the relationship between the information processing needs of a firm and the
structural mechanisms that can address those needs. He argues that the ability of an
organization to successfully coordinate its activities depends on how effectively and
efficiently it can process the amount of information needed to be processed. This is done
by either reducing the need for information processing, or by increasing the capacity to
process the information. In other words, an information processing mechanism or
capability should match the firm’s information processing needs. Applying this concept
to SCM, our theoretical basis for alignment between supply chain and IS strategies lies in
effectively matching the contingencies of supply chain information requirements with
appropriate IT applications that can address these requirements. To give an example, let
us assume that a company wants to implement internal lean practices in the supply chain.
Such a strategy would require certain applications to process information that would

facilitate implementing those lean practices.

The contingency theory looks for a relationship between fit (alignment) and
performance. At an abstract level, the contingency approach states that the effect of one
variable (X) on another variable (Y) depends upon a third variable (W) (Donaldson,

2001). While applying this approach to this research, let us assume that variable (X) is
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SCMS, variable (Y) is SCM performance, and variable (W) is ISS. In this case, this study
intends to find the effect of SCMS (variable X) on SCM performance (variable Y)
depending upon ISS (variable W). In other words, this research intends to find the impact
of aligning SCMS with ISS on SCM performance. This is what this study refers to as

“alignment at the strategic or planning level”.

Applying the same approach to SCM practices and the usage of IT, this study
intends to find the impact of aligning SCM practices with the usage of IT on SCM
performance. This is what this study refers to as “alignment at the operational level”.

Finally, this study intends to find the effect of SCM performance on firm performance.

3.2 Alignment as Moderator

Venkatraman (1989b) identifies six types of fit, and they are as follows: (1) fit as
moderation, (2) fit as mediation, (3) fit as matching, (4) fit as gestalts, (5) fit as profile
deviation, (6) and fit as covariation. Each type of fit has its own theoretical meaning and
requires a use of specific analytical methods. In this research, the fit as moderation will

be used to study the alignment at the strategic level and at the operational level.

The fit as moderation suggests that an interaction exist between two variables to
determine a third variable which is usually the performance. Looking at the diagram
below (Figure 3.2), let’s assume that variable X is the strategy and variable Z is the
contextual variable that fits with strategy to achieve a better performance (variable Y).
The moderating effect of variable Z (contextual) on the variables X (strategy) and Y
(performance) as shown in Figure 3.1 is equivalent to the interaction effect (X.Z) as

shown in Figure 3.2.
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Z (Contextual)

X (Strategy) Y (Performance)

A 4

Figure 3.1 Schematic representation of the moderating effect

In this research, at the strategic level, SCM performance is jointly determined by
the interaction of the predictor variable which is in this case is SCMS and the moderator
variable which is ISS. At the operational level, SCM performance is jointly determined

by the interaction of the predictor variable (SCM practices) and the moderator variable

(IT utilization).
Z (Context) » Y (Performance)
X.Z
(Interaction)

Figure 3.2 Schematic representation of fit as moderation (source:

Venkatraman, 1989b)

The reason for using the moderator alignment approach is as follows: Many
organizations focus on their supply chain strategy to gain a competitive advantage

through their products/services. At the same time, they believe that acquiring and using
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appropriate information technologies are critical in managing the supply chain. Coronado
et al. (2007) suggest that IS facilitates better management of supply chain activities by
offering information about what kind of product the customers are demanding, what is
available in the warehouse, and how much should be manufactured. These technologies
enable organizations to effectively and efficiently coordinate and collaborate among
partners in the supply chain. As a result, while supply chain strategies are expected to
lead to improved supply chain performance, using the appropriate IT strategy in addition
will positively impact or increase this improvement. Zara (a Spanish clothier) is a good
example of a company that demonstrates the moderating alignment between IS Strategy
and SCM Strategy. Zara is well known for its responsive supply chain, it can design,
produce, and deliver a new garment and make it available in stores worldwide in just 15
days. However, Zara was only able to achieve the success in its supply chain by
developing highly responsive systems and deploying the latest IT tools to facilitate the
exchange of information between members of its supply chain (Ferdows et al. 2004). In a
similar manner, with regard to SCM practices, Chopra and Meindl (2001) argue that
utilizing IT systems in support of appropriate practices is critical to execute the plans and
strategies of the supply chain. That is, the positive effect of supply chain practices such as
supplier partnership, customer relationship, postponement, and information sharing on
supply chain performance is expected to be enhanced by the simultaneous use of IT
applications to support these practices. For example, one of Cisco’s supply chain
practices involves sharing orders electronically with its suppliers and customers. The
expected positive effect of this practice on Cisco’s supply chain is enhanced by the use of

IT applications such as internet access, extranets, and B2B systems that link Cisco to its
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customers and suppliers, and integrate suppliers into its production systems, (Zhou and
Benton, 2007). Cisco’s interaction with its customers and suppliers is network-based and
begins at Cisco’s home page (Cisco.com). By using its home page, Cisco’s customers can
directly place an order online at lower costs and get technical support around-the-clock.
Furthermore, Cisco automates its supply chain by using an integrated enterprise platform
to electronically link with all its suppliers. This allows Cisco to exchange information
freely with its partners which enables Cisco and it suppliers to respond quickly to

customers demand (Nolan, 2005).

3.3 Proposed Research Model

Supply chain-information systems’ alignment is important and leads to better
SCM performance. To better understand this relationship, a proposed research model was
developed based on a comprehensive literature review. The theoretical model presented
in Figure 3.3 depicts the relationship among SCMS, ISS, SCM practices, IT utilization,
SCM performance, and firm performance. In this framework, SCMS consists of lean
supply chains, agile supply chains, and hybrid supply chains. ISS includes IS for
efficiency, IS for flexibility, and IS for comprehensiveness. SCM practices consist of
strategic supplier partnerships, customer relationships, internal lean practices,
postponement, information sharing, and information quality. IT utilization consists of an
external focus of IT, an internal focus of IT, and infrastructural IT. SCM performance
includes supply chain flexibility, supply chain integration, and customer responsiveness.
Finally, firm performance consists of market performance and financial performance. The

definitions are given in Tables 2.1, 2.3,2.4, 2.7, 2.8, and 2.9.
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The rationale underlying this research framework proposes that there are two
levels of moderating alignment. It is explained as follows: First, at the strategic level,
aligning SCMS with ISS as a moderator will lead to better SCM performance. In
particular, a lean supply chain is a better fit with IS for efficiency, whereas an agile
supply chain is a better fit with IS for flexibility, and finally a hybrid supply chain is a
better fit with IS for comprehensiveness. Second, at the operational level, aligning SCM
practices with IT utilization as a moderator will lead to better SCM performance. In
particular, strategic supplier partnerships and customer relationships are better aligned
with an external focus of IT, whereas internal lean practices and postponement are better
aligned with an internal focus of IT, and finally information sharing and information
quality are better aligned with infrastructural IT. As a result of those moderating

alignments, having better SCM performance will enhance firm performance.
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IS Strategy (ISS

*A) IS for efficiency
B) IS forflexihility
() IS for comprehensiveness

SCM Strategy (SCMS)

*A) Lean supply chain
*B) Agile supply chain
*(C) Hybrid supply chain

;r...-

Hla
Hib
Hlc

H3a

SCMPractices

vStrategic supplier partmership
*Customer relationshi

‘Internallean practices
*Postponement

‘nformation sharing
Information quality

H3b
Hic
Hla
H2b
HX¢

IT Utilization
‘ExternalfocusIT
*Internal focusIT

dfrastuctureIT

SCMPerformance

+Supply Chainintegration
+Supply Chain flexibility
*Customerresponsiveness

H4

Figure 3.3 SCM and IS research framework
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3.4 Research Hypothesis 1a, 1b, and 1c (Moderating Alignment between SCMS and

ISS)

The literature has discussed many aspects of IS-business alignment. One type of
alignment is known as strategic alignment. The alignment at the planning or strategic
level ensures that IT plans and business plans are synchronized and that the organization
plans to adopt applications which support its strategic goals (Chan et al., 1997; Sabherwal
and Chan, 2001). Another type of alignment is structural alignment. The structural
alignment is between business structures and IS structures (Brown and Magill, 1994).
Alignment at the operational or tactical level is required for ensuring that planned
applications are successfully implemented, maintained, and used (Tarafdar and Qrunfleh,

2009).

These studies show that different kinds of IS business alignment positively affect
many aspects of firm performance, such as IS performance and competitive advantage
(Chan et al., 1997; Sabherwal and Kris, 1994; Kearns and Lederer, 2003; Sabherwal and
Chan, 2001). However, there are no studies that consider SC-IS alignment and its impact

on SCM performance.

Nickles et al. (1998) argue that supply chain managers need to redesign their
supply chain strategies based on IT investments. They argue that investing in applications
should fully support the strategic goals of a supply chain. The result of their study
suggests that SCMS and ISS should be developed together so companies can create a
competitive advantage. This is what (Gunasekaran and Ngai, 2004) refer to in their study

as “the strategic planning of IS in SCM” which plays an important role in achieving the
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goals of the organization. They argue that companies are now focusing on the strategic
planning of IS in SCM with the objective of developing long term plans to improve their
performances. How can this be done? To give an example, the strategic planning of IS
should support the long-term objectives and goals of SCM in terms of flexibility and
responsiveness by sharing the right information with suppliers. In other words,
organizations should select and implement applications that support developing an
effective supply chain. Nevertheless, selecting the right application for specific supply
chain requirements is challenging. Richmond et al. (1998) addressed this issue by
identifying a number of factors for selecting supply chain applications. One of those
factors is aligning the technology with supply chains. They argue that a firm should
choose an application that supports the way it interacts and communicates with its

suppliers and customers.

Further, Puckridge and Woolsey (2003) emphasize the need to integrate ISS with
the supply chain by aligning the ISS with the organization’s strategy to achieve
synchronization across the extended supply chain. For instance, if a firm’s objective is
aimed at being responsive and flexible to customer needs, then ISS should support this
goal by investing in applications that enhance flexibility; this ISS must be extended
across the supply chain. “Requiring supply chains to become agile (the ability to respond
rapidly to unpredictable changes in the market) also requires the same agility in the
organization’s IT capability. Success will be defined by those organizations that are able
to meet the future requirements across their supply chain.” (Puckridge and Woolsey,
2003, p. 412). Additionally, Christopher (2000) suggests that in order to improve the

responsiveness of the supply chain, agility in the supply chain is needed which requires
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agile IS so that firms can share information among supply chain partners. For instance,
when AT&T (electronic consumer products) decided to improve the agility of its supply
chain by employing an ISS to implement electronic transactions to share information
among suppliers, the implementation resulted in a better SCM performance measured by
its responsiveness to customers (Gunasekaran at el., 2008). AT&T’s action was based on
the argument that “selecting the right technology/application for the right supply chain

strategy will enhance the performance of its supply chain”.

The above arguments show the need to have an ISS that supports and enhances
SCMS to have better SCM performance. In other words, the moderation (interaction)
between SCMS and the ISS will result in better SCM performance. So for instance, if the
firm’s goal is to cut cost, then a lean supply chain (which emphasize being efficient) is
preferred. The lean supply chain should be aligned with an ISS that emphasizes and
supports being efficient (IS for efficiency). On the other hand, an agile supply chain is
best aligned with IS for flexibility; and finally, a hybrid supply chain is best aligned with
IS for comprehensiveness. Aligning SCMS with ISS will result in better SCM

performance. Therefore, it is hypothesized that:

Hla: The impact of a lean supply chain on supply chain management performance (as

measured by supply chain integration) is positively moderated by IS for efficiency.

HI1b: The impact of an agile supply chain on supply chain management performance (as

measured by supply chain flexibility) is positively moderated by IS for flexibility.
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Hlc: The impact of a hybrid supply chain on supply chain management performance (as
measured by customer responsiveness) is positively moderated by IS for

comprehensiveness.

3.5 Research Hypothesis 2a, 2b, and 2¢ (Moderating Alignment between SCM

Practices and IT Utilization)

Using IT systems to capture and analyze information has a significant impact on
SCM performance (Chopra and Meindl, 2001). Similarly, using IT has an impressive
impact on supply chain practices. Both effective information sharing (which is facilitated
by IT) and effective supply chain practices are critical elements in achieving good SCM
performance (Zhou and Benton, 2007). Although the study of Zhou and Benton (2007)
discusses the role of IT on SCM practices and its impact on SCM performance, it fails to
discuss the role of alignment between SCM practices and the usage of IT in achieving
better SCM performance. This research argues that external IT usage moderates the
relationship between a strategic supplier partnership and customer-relationship aspects of
SCM practices and SCM performance. On the other hand, internal IT usage moderates
the relationship between internal lean practices and the postponement aspects of SCM
practices and SCM performance. Finally, infrastructural IT moderates the relationship
between information sharing and information quality of SCM practices and SCM
performance; these three types of IT usage, when matched with the corresponding SCM

practices, lead to better SCM performance.
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3.5.1 Research Hypothesis 2a (Moderating Alignment of External Focus of IT with a
Strategic Supplier Partnership and Customer Relationship on Supply Chain

Management Performance)

The external focus of IT uses inter-organizational systems to maintain and acquire
new relationships (partnership) with suppliers and to get closer to customers for better
anticipating their needs (Philip and Booth, 2001). Mason-Jones and Towill (1997) argue
that the key to building these partnerships lies in the way firms utilize their IT. They note
that it is not enough to implement IT to build a relationship with suppliers, but the way
firms manage and utilize IT is what counts. They give the example of how Wal-Mart
utilizes its point-of-sale and inter-organizational IT to build a long term relationship with
one of its main suppliers (Proctor & Gamble) by sharing information about its customers
with Proctor & Gamble; this information helps Proctor & Gamble decide how much
stock is needed to be delivered to Wal-Mart stores, and how frequently, to meet customer
demand. As a result, the supply chain improves its overall speed of response to

customers.

To put this in another perspective, Fawcett et al. (2007) developed a strategic
management initiative framework or what they refer to as “a contingency perspective of
information sharing capability as a strategic enabler” to understand how IT is used to
enhance supply chain performance. They suggest that having a strategic relationship with
partners requires IT to support achieving relationship goals which enable faster decision
making in the supply chain. Specifically, they mentioned the importance of “matching the

technology to specific value-added capability need” in which IT enhances strategic,
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managerial decision making to gain flexible customer responses. Therefore, it is

hypothesized that:

H2a: The impact of strategic supplier partnerships and customer relationships on SCM

performance is positively moderated by an external focus of IT.

3.5.2 Research Hypothesis 2b (Moderating Alignment of Internal Focus of IT with
Internal Lean Practices and Postponement on Supply Chain Management

Performance)

According to Philip and Booth (2001), an internal focus of IT deals with day-to-
day operations. The internal focus of IT leads to better operational efficiencies and cost
reductions in processes internal to the firm by improving everyday tasks through IT.
Additionally, they suggest that in manufacturing environments, the internal focus of IT
involves standard applications that are used in automation of repetitive tasks. Those
standard applications reduce the time and effort in a particular business process. Some of
the business processes are related to inter-organizational relationships, which include
quality control processes, operating processes, just-in-time deliveries, and customized
make-to-order processes (Subramani and Venkatraman, 2003). To perform these kinds of
inter-organizational business processes, firms must use IT to facilitate changes to those
processes. The usage of IT should match with the inter-organizational business processes,
so suppliers can achieve operational benefits i.e., lower transaction and production cost

(Sanders, 2008; Clark and Stoddard, 1996). Therefore, it is hypothesized that:

H2b: The impact of internal lean practices and postponement on SCM performance is

positively moderated by an internal focus of IT.
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3.5.3 Research Hypothesis 2¢ (Moderating Alignment of Infrastructural Focus of IT
with Information Sharing and Information Quality on Supply Chain Management

Performance)

IT infrastructure is generally described as a set of platforms, networks, and data
processing and storage applications. The presence of an IT infrastructure enables sharing
information within and across organizations and is required for timely and seamless
information links throughout an organization. IT infrastructure thus plays a critical role in
the firm’s ability to use IT competitively, as a fragile IT infrastructure could hinder basic
information sharing. McKay and Brockway (1989) suggest that an IT infrastructure
enables sharing IT capabilities among business organizations. It could also facilitate the
firm’s requirements for mass customization by providing seamless information links

throughout an organization.

The ability of an organization to respond rapidly and effectively to changes in
customer demand relies on the IT infrastructure of that organization. This is what some
studies have referred to as “infrastructure flexibility” (Duncan, 1995; McKay and
Brockway, 1989; Weill, 1993; Chung et al., 2005). The key enabler of infrastructure
flexibility is the adoption of a standard open system which uses compatible IT
components to communicate across organizations (Chung et al., 2005) and which allows
firms to be flexible and respond to changes in customer demand by sharing information
across those organizations (Duncan, 1995). Further, improved IT infrastructure makes
information more accessible and more valuable by allowing suppliers immediate access

to information (Shapiro and Varian, 1999). Therefore, in order to have timely and
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accurate data, firms must make significant investments in their information infrastructure.

Based on the arguments above it is hypothesized that:

H2c: The impact of information sharing and information quality on SCM performance is

positively moderated by an infrastructural focus of IT.

3.6 Research Hypothesis 3a, 3b, and 3¢ (SCM Practices and SCM Performance)

Numerous studies have shown that well managed and well executed SCM
practices will directly improve firm performance (Shin et al., 2000; Prasad and Tata,
2000; Tan et al., 1998; Tan, 2002). Although most studies have linked SCM practices
directly to firm performance without explicitly considering any intermediate measures
such as SCM performance; this study is considering a direct link between SCM practices

and its impact on SCM performance.

Two of the SCM practices considered in this study are information sharing and
information quality. Regarding those two practices, Zhou and Benton (2007) provided
empirical evidence that sharing information and quality information are critical to SCM
performance, specifically the delivery performance of the supply chain which includes

on-time delivery, perfect order fulfillment rate, and delivery reliability/dependability.

Regarding postponement, van Hoek et al. (1999) suggest that keeping materials
undifferentiated for as long as possible increases the flexibility in the supply chain in
responding to changes in customer demand, as well as improving the cost effectiveness of

supply chains.
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Finally, Yu et al. (2001) provided a case study to illustrate the benefits of supply
chain partnerships on SCM performance; those benefits are captured through reductions
in inventory levels and cost savings from forming partnerships with one another. Based

on the arguments above it is hypothesized that:

H3a: Strategic supplier partnerships and customer responsiveness are positively

associated with SCM performance.

H3b: Internal lean practices and postponement are positively associated with

SCM performance.

H3c: Information sharing and information quality are positively associated with

SCM performance.

3.7 Research Hypothesis 4 (SCM Performance and Firm Performance)

Cohen and Roussel (2005) believe that an effective business strategy should be
supported by a good supply chain strategy. Using the supply chain as a strategic weapon
could improve firm performance, as many firms believe that SCM is the most popular
operations strategy for improving organizational competitiveness (Gunasekaran et al.,
2008). Companies such as Dell, Amazon, and Wal-Mart are constantly refining their
supply chains so they can stay one step ahead of their competitors. In an interview with
the CEO of Dell, Michael Dell explained that Dell was able to transform the struggling
PC Company to a market leader by managing its supply chain and introducing supply
chain innovations such as direct-to-consumer sales and build-to-order manufacturing that

help reduce inefficiencies and costs by managing inventories and working closely with
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customers. This example clearly shows how SCM could impact firm performance

(Magretta, 1998; Cohen and Roussel, 2005).

Further, Vonderembse and Tracey (1999) empirically tested the relationship
between supplier performance and manufacturing performance. They argue that
involving suppliers in product design efforts enhances firm performances with regards to
production cost, work-in-process inventory levels, product quality, and on-time delivery
to the final customer. Narasimhan and Kim (2002) emphasize the roles of supply chain
integration on firm performance suggesting that supply chain integration enhances a
firm’s performance through moderating the relationship between product diversification
(developing different products) and international market diversification. They evaluated

firm performance by using sales growth, market share growth, and profitability.

Further, Shin et al. (2000) provided a good example of how an excellent SCM
impacts a firm’s performance “when Chrysler launched a supplier- involvement program,
which is called Supplier Cost Reduction Effort (SCORE), and benchmarked the supply
chain management practices of Japanese companies, Chrysler announced that it
achieved more than US$1.2 billion in cost savings through 1997 due to the SCORE

program”. Based on the arguments above it is hypothesized that:

H4. SCM performance is positively associated with firm performance.
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Chapter 4

Instruments Development--Item Generation and Pilot Test

This chapter discusses the instrument development and pilot testing of the
measures of the research model. The instruments to measure -- (1) supply chain
management practices, (2) supply chain management performance, and (3) firm
performance-- were adopted from previous studies (Li et al., 2006; Li et al., 2005). Since
these instruments have been tested in previous studies and were found to be valid and
reliable, they will not be tested again in the pilot study of this research. However, they

will be revalidated in the large-scale analysis in chapter 5.

The instruments to measure-- (1) supply chain management strategy (SCMS), (2)
Information Systems strategy (ISS), (3) Information Technology (IT) utilization, (4) the
alignment between SCMS and ISS, and (5) the alignment between SCM practices and the
usage of IT-- will be developed or modified if they have been developed in earlier studies
to make them relevant for this study (Sabherwal and Chan, 2001; Venkatraman, 1989a;

Swafford et al., 2006).

The development of the instruments for the three constructs (SCMS, ISS, and IT
utilization) and the alignment between SCM and ISS, and the alignment between SCM
practices and the usage of IT was completed in three phases: (1) item generation, (2) a
pilot study using Q-sort method, and (3) a large scale-data analysis and instrument
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validation. The item generation was done through an extensive and comprehensive
literature review to identify the content domain of the major constructs in this study. The
initial items and the definition of the constructs were generated from this literature
review. The second stage of the study was scale development and testing through a pilot
study using the Q-sort method. The objective of the Q-sort method is to pre-assess the
convergent and discriminant validity of the scale by asking different practitioners to sort
(place) the items into various construct categories. The goal of the Q-sort is to assess the
reliability of the sorting conducted by the practitioners. This is what the literature refers
to as inter-rater reliability. The study’s final stage includes all the validity and reliability

tests using the data from the large-scale sample which is described later in chapter 5.

4.1. Item Generation

In order to have valid and reliable empirical research, appropriate steps
(techniques) to generate measurement items of any construct must be considered. First,
the content validity, which means the measurement items contained in an instrument,
should cover the major content domain of a construct (Churchill, 1979). Content validity
is usually achieved through extensive and comprehensive literature review as a list of
initial items for each construct is generated from the literature review. Thus, interviews
and feedback from practitioners and academicians should help in achieving the content
validity. The general literature bases for the items generation for each construct are

briefly discussed below.

The items for SCMS (lean supply chain, agile supply chain, and hybrid supply

chain) were generated based on previous SCM literature. In particular, the lean supply
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chain was generated based on previous studies of (Huang et al., 2002; Wang et al., 2004;
Vonderembse et al., 2006; Towill and Christopher, 2002; Christopher and Towill, 2000;
Lee, 2002). Agile supply chain was modified and generated from (Swafford et al., 2006;
Huang et al., 2002; Christopher and Towill, 2000; Wang et al., 2004; Vonderembse et al.,
2006; Christopher, 2000; van Hoek et al., 2001; Lin et al., 2006; Agarwal et al., 2007;
Towill and Christopher, 2002; Power et al., 2001; Lee, 2002). Finally, hybrid supply
chain was generated based on previous studies of (Huang et al., 2002; Naylor et al., 1999;
Wang et al., 2004; Vonderembse et al., 2006; Towill and Christopher, 2002; Christopher
and Towill, 2000). In regards to ISS (IS for efficiency, IS for flexibility, and IS for
comprehensiveness), the items for those constructs were modified from the previous
study of (Sabherwal and Chan, 2001; Venkatraman, 1989a) and the consideration of other
studies (Bakos and Treacy, 1986; Clemons et al., 1993; Rockart and Morton, 1984; Porter
and Millar, 1985; Allen and Boynton, 1991). Finally, IT utilization (external Focus of IT,
internal focus of IT, and Infrastructural focus of IT) were generated based on previous
literature. In particular, the external Focus on IT was generated for the studies of
(Wiseman, 1988; Benjamin et al., 1984; Cash Jr. and Konsynski, 1985). An internal focus
of IT was generated from the studies of (Benjamin et al., 1984; Boynton et al., 1994).
Finally, the infrastructural focus of IT was generated from (Narasimhan and Kim, 2001;

Kim and Narasimhan, 2002; Weill, 1993; McKay and Brockway, 1989).

Once item pools were created, they were reviewed by two academicians and six
practitioners. The objective of this step is to check the relevance of each construct’s
definition and the clarity of the wording of the sample questionnaire items that has been

developed or modified from previous literature. Based on the comments and feedbacks
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from the academicians and the practitioners, redundant and ambiguous items were either
modified or eliminated, and some new items were added. As a result, a total of 11
constructs and 124 items were created. Below is the precise number of each construct and
the items that belong to that construct. Appendix A presents the items entering the first

Q-sort analysis.

Supply chain management strategy (SCMS)

Lean supply chain...............coooiiiiiiii, 7
Agile supply chain..............cooiiiiiiiiii 12
Hybrid supply chain...................o 5

Information systems strategy (ISS)

IS for efficiency.........coovviiiiiiii 7
IS for flexibility. .. ..o 7
IS for comprehensiveness...........c.o.evvvvviiiiiiiennann... 6

Information technology (IT) utilization

External focus of IT...........cooiiiii e, 13
Internal focus of IT..........oooiiiiiiii i, 8
Infrastructural focus of IT..............cooiiiiiiiiii, 9
Alignment between SCMS and ISS......ccccviiiiiiiiiiiiiiiiiiiiiiieninnen 24
Alignment between SCM practices and the Usage of IT................... 26

4.2 Scale Development: the Q-Sort Method

4.2.1 Sorting Procedures

First, the judges were presented with the model and all the definitions of the
constructs for this study, followed by a brief explanation of the objective of the study.

The items were printed on a 3” by 5” card, shuffled, and then given to the judges. After
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explaining the Q-sort procedure and answering any additional question the judges might
have, the judges were asked to place each item (card) under the appropriate construct
where they believed it belonged based on their knowledge, experience, and practice. In
this study, a total of three rounds were conducted. In each round two judges were asked
to sort the items according to the different dimensions. Based on this, an inter-judge
agreement between two judges was calculated. There were 11 total constructs with a total
of 124 items. A “not-applicable” category (construct) was also included as the 12™
construct to ensure that the judges did not force any item into a particular category.
Furthermore, judges were allowed to ask as many questions as they wanted throughout

the process to ensure their understanding of the whole procedure of the Q-sort.

The criteria for evaluating the Q-sort results are based on the inter-judge agreement level.
Two evaluation indices were used to measure inter-judge agreement level: (1) Moore and
Benbasat’s hit ratio (Moore and Benbasat, 1991), and (2) Cohen’s Kappa coefficient
agreement (Cohen, 1960). The inter-judge agreement level is determined by counting the
number of items that both judges agree to place into a certain category, even though the
category into which items are sorted by both judges may not be the intended one. The
measurement based on Moore and Benbasat’s deals with the “hit ratio”. The hit ratio is a
good indicator of how many items each pair of judges placed in the appropriate and
intended category, by counting all the items that are correctly grouped together according
to their intended theoretical construct by each judge and then dividing them by the total
number of items for each pair of judges. Finally, the measurement of Cohen’s Kappa
coefficient agreement can be interpreted as the proportion of joint judgment in which

there is agreement after chance agreement. With regards to Kappa coefficient agreement,
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there is no general agreement in the literature with respect to the required score.
However, several studies considered scores greater than 0.65 to be acceptable such as the

studies of (Jarvenpaa, 1989; Vessey, 1984).

4.2.2 Results of the First Sorting Round

In the first round, two senior managers of a major automobile firm participated in
the Q-sort. The hit ratio score averaged 79% (Table 4.2.1). The hit ratio was calculated
by counting all the items that were correctly sorted into the target category by each of the
judges and dividing them by twice the total number of items. In this research, the total
number of items that were correctly sorted by the two judges is 196, and the total number

of items placed for both judges is 248.
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Table 4.2.1 Items placement ratios: first sorting round

Theoretical Categories

Actual Categories

1 2 3 4 516 7 819 10 11 | NA | Total | 9,
113 1 14| 93%
21 4 |20 24| 83%
31 [4 |3 10| 50%
4 14 14 | 100%
5 2 |11 14| 79%

1
6 4 |1 |7 12| 58%
7 9] 1 26 | 73%
6
8 1 |13 16| 81%
2
9 1|1 [6 18| 33%
10 41 |7 48| 85%
11 5 |47 52| 90%
N 248
A

Total item placement:

248

Number of Hits: 196

Overall Hit Ratio: 79%

O 0 N DN K W~

. Lean supply chain

. Agile supply chain

. Hybrid supply chain
. IS for efficiency

. IS for flexibility

. IS for comprehensiveness
. External focus of IT
. Internal focus of IT
. Infrastructural focus of IT
10. Alignment between supply chain management strategy and IS strategy

11. Alignment between supply chain management practices and usage of IT
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Table 4.2.2 Inter-judge raw agreement scores: first sorting round

Judge 1
Constructs | 1 2 3 4 5 6 7 8 91 10| 11| NA
1|6
2 8
3 0
4 7
N 5 4
&
E 6 3
- 7 9 1
8 5
9 3 1
10 17
11 21
NA
Total Item Placement : 124 Number of Correct Correct
Agreements:81 Agreement
Ratio .65
1. Lean supply Chain.........ooooiiiii e 7
2. Agile supply Chain. ..o 12
3. Hybrid supply chain...... ..o e 5
4. IS 01 effICIENCY ... e e 7
SIS 01 fleXibIlitY. . o.v et 7
6. IS for comprehensiveness. ... ...vuveuiiiii e 6
7. External focus of IT. ..., 13
8. Internal focus of IT. ... ..o 8
9. Infrastructural focus of IT...... ... i 9

10. Alignment between supply chain management strategy and IS strategy....... 24
11. Alignment between supply chain management practices and usage of IT.....26
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The inter-judge raw correct agreement score averaged 65% (Table 4.2.2). The
level of agreement between the two judges in categorizing the items is important in
measuring Cohen’s Kappa (Cohen, 1960). This index is a method of eliminating chances
agreements, thus evaluating the true agreement score between the two judges by using the

following equation:

L= N:‘Xii_Zz'(XHX-H):
N;_ZE(XHXH)

Where:
Ni: is the total item.

Xii: is the total number of items on the diagonal (the number of items agreed correctly in
the intended category by the two judges).

Xi+: the total number of items on the i th row of the table
X+1: the total number of items on the i th column of the table

(See Appendix B for the description of this methodology). The description of this method
is taken from a paper published by (Nahm et al., 2002) in The Journal of Modern Applied
Statistical Methods. The published paper provides a clear explanation of Q-Sort
methodology supported with examples.

Based on this equation, the calculation for Cohen’s Kappa coefficient is shown below:

K =(124) (81)— 1039 =0.63
(124) (124) - 1039

Cohen’s Kappa score averaged 63% which is considered low, and the hit ratio

averaged 79%. Furthermore, looking carefully into the items placement ratio for each
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category (construct), the results are not satisfying. For instance, the item # 3 (hybrid
supply chain) has a placement ratio of only 50%. The same is true for the item # 5 (IS for
flexibility) which has ratio of only 79%. Item # 6 (IS for comprehensiveness) has a
placement ratio of only 58%. Item # 7 (external focus of IT) has a placement ratio of only
73%. Finally, item # 9 (infrastructure focus of IT) has a placement ratio of only 33%. As
a result of the low scores for those constructs, a second round of Q-sort analysis is needed

to improve Cohen’s Kappa score and the placement ratios.

4.2.3 Results of the Second Sorting Round

After making the changes to the items based on the results/feedback from the first
Q-sort round, some items were eliminated (8 items) and others were modified. A second
Q-sort round involved two senior purchasing managers with a total of 116 items (entering
the second Q-sort round). The hit ratio score averaged 93% (Table 4.2.3). The inter-judge
raw correct agreement scored average 89% (Table 4.2.4). The calculation for Cohen’s

Kappa coefficient is shown below:

K =(116) (102) — 1382 =0.87
(116) (116) — 1382

Cohen’s Kappa score averaged 87% which is considered an excellent score.
However, looking carefully into the items placement ratio for each category (construct),
the results are not satisfying. Construct # 4 (IS for efficiency) has a placement ratio of
only 71.4%, and construct # 6 (IS for comprehensiveness) has a placement ratio of only

50%. In order to improve item placement ratio scores, a third Q-sort round was needed.
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Table 4.2.3 Items placement ratios: second sorting round

Actual Categories

1 2 3 4 5 6 7 8 9 10 11 | NA | Tota | 9%
1
1| 14 14 100
2 20 20 ( 100
3 10 10 [ 100
g 4 10 2 1 1 14| 71.4
1
S
R 2| 12 14 | 85.7
=
@)
—| 6 1| 4 3 8 50
S
ol 7 24 24| 100
=)
[P]
=l 8 16 16 | 100
9 14 14| 100
10 42| 6 48 | 87.5
11 1| 49 50 98
N 232
A
Total item placement: Overall Hit Ratio:
232 Number of Hits: 215 93%
1. Lean supply chain
2. Agile supply chain
3. Hybrid supply chain
4. IS for efficiency
5. IS for flexibility
6. IS for comprehensiveness
7. External focus of IT
8. Internal focus of IT
9. Infrastructural focus of IT

10. Alignment between supply chain management strategy and IS strategy

11. Alignment between supply chain management practices and usage of IT
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Table 4.2.4 Inter-judge raw agreement scores: second sorting round

Judge 1
Constructs 1 2 3 4 5 6 7 8 9 10 11 NA
1 7
2 10
3 5
4 5
5 5
A 6 1
&
=
= 7 12
8 8
9 7
10 18
11 24
NA
Total Item Placement: 116 Number of Correct Correct Agreement
Agreements:102 Ratio 0.89
1. Lean supply Chain. .. ..o 7
2. Agile supply chain....... ..o 10
3. Hybrid supply chain........ ... 5
4. IS for effICIENCY . ..o e 7
5. IS Hor flexibility. . ..o.oieie i 7
6. IS for COMPIEhENSIVENESS. ...\ttt ettt eeeeaens 4
7. External focus of IT......oooiii i 12
8. Internal focus of IT ... .o o i, 8
9. Infrastructural focus of IT...... ... 7
10. Alignment between supply chain management strategy and IS strategy......... 24

11. Alignment between supply chain management practices and usage of IT.....25
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4.2.4 Results of the Third Sorting Round

Taking into consideration the feedback/suggestions from the managers in the
second round, many items have been reworded and a total of 11 items were eliminated
from the pool. Two judges were involved in the third sorting round with a total of 105
items. Appendix C presents the items entering the third Q-sort analysis. In the third
round, the hit ratio score averaged 98% (Table 4.2.5). The inter-judge raw correct
agreement score averaged 95% (Table 4.2.6). The calculation for Cohen’s Kappa

coefficient is shown below:

K =(105) (100)— 1286 =0.95
(105) (105) — 1286

Kappa coefficient of 0.95 represents an excellent level of agreement for the
judges in the third round and also indicates consistency in the results between the second
and third sorting round. Moreover, eight constructs (lean supply chain, agile supply
chain, hybrid supply chain, IS for efficiency, external focus of IT, internal focus of IT,
and infrastructural focus of IT, and the alignment between supply chain management
practices and the usage of IT) obtained a 100% item placement ration, indicating a high

degree of construct validity.
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Table 4.2.5 Items placement ratios: third sorting round

Actual Categories
1 2 3 4 516 7 8 9 10| 11 | NA | Tota | 9%
1
1{ 14 14| 100
2 16 16 | 100
3 10 10| 100
g 4 12 12 100
o
=]
3 5 11 1 12| 91.7
[
@]
—_ 6 117 8| 87.5
S
S 7 24 24| 100
[=]
-P]
= I 16 16| 100
9 14 14 100
10 1 1 31 1 34| 91.2
11 50 50 100
NA 210
Total Item Placement: Overall Hit Ratio:

210

Number of Hits: 205

98%

O 0 I N DN KW~

. Lean supply chain

. Agile supply chain

. Hybrid supply chain
. IS for efficiency

. IS for flexibility

. IS for comprehensiveness
. External focus of IT
. Internal focus of IT
. Infrastructural focus of IT

10. Alignment between supply chain management strategy and IS strategy
11. Alignment between supply chain management practices and usage of IT
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Table 4.2.6 Inter-judge raw agreement scores: third sorting round

Judge 1
Constructs | 1] 2 3 4 5 6 7 10 11 NA
1 7
2 8
3 5
4 6
5 5
> 6 3
on
<
5
= 7 12
8
9
10 14
11 25
NA
Total Item Placement: 105 Number of Correct Correct Agreement
Agreements:100 Ratio .95
1. Lean supply Chain.........oooiuiiiii e 7
2. Agile supply chain. ... 8
3. Hybrid supply chain......... ... 5
4. IS for effICIENCY . ..o s 6
5. IS for flexibility....o..oi e 6
6. IS for COMPIEhENSIVENESS. ...\ttt ettt e e e 4
7. External focus of IT......oooiii i 12
8. Internal focus of IT..... oo i, 8
9

. Infrastructural focus of IT
10. Alignment between supply chain management strategy and IS strategy........
11. Alignment between supply chain management practices and usage of IT.....
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The total number of items after the third Q-sort has been reduced from 105 to 86.

The number of items remaining for each construct after the third round of Q-sort was as

follows:
1. Lean supply Chain.........oooiiiii e 6
2. Agile supply Chain........ooiii i 6
3. Hybrid supply chain...........coooiiiii e 5
4. IS H0r effICIENCY . ..o el D
5. IS 01 fleXibility. ..ot 5
6. IS for comPrehensSIVeNeSS. .....vvutieei ettt 4
7. External focus of IT.... ..o e 5
8. Internal focus of IT ... 5
9. Infrastructural focus of IT........cooiiiiii e 5

10. Alignment between supply chain management strategy and IS strategy........17
11. Alignment between supply chain management practices and usage of IT.....24

At this point we stopped the Q-sort method at round three as the raw agreement
score of 0.95, Cohen’s Kappa of 0.95, and the average placement ratio of 0.95 were
considered as an excellent level of inter-judge agreement, indicating a high level of
reliability and construct validity. In the next chapter the test for the quantitative

assessment of construct validity and reliability using the large-scale sample is presented.
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Chapter 5

Instruments Development — Large-Scale Administration and

Instrument Validation

5.1 Large-Scale Data Collection Methodology

The goal of the previous chapter (Chapter 4) was to partially validate the
construct measurement items of the research model through an extensive literature review
and Q-sort analysis. The main objective of this chapter is to further validate the

measurement instruments using a larger sample size.

Choosing the right respondent is very important when designing a large-scale
survey. The respondents are expected to have the best knowledge on the areas of the
survey. In the case of this study, the respondents chosen needed to have experience and
knowledge in managing the supply chain, and in information systems applications in their
organizations. Therefore, it was decided to choose purchasing directors, supply chain
directors, purchasing managers, and supply chain managers as the respondents for this

study.

A mailing list was obtained from RSA LIST SERVICES. RSA LIST SERVICES

provides an executive contact database for the manufacturing sector in the United States.
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The initial mailing list used in this study contains 5000 records (names) which were
randomly selected by the RSA database. The list was limited mostly to organizations with
more than 200 employees and with sales revenue of more than $10 million, since small
organizations are unlikely to acquire or use sophisticated information systems in their
supply chains. Twenty SIC codes are covered in this study; they are summarized in Table
5.1.1. It is desirable for the respondents to represent different geographic areas. The
mailing list purchased covered the following States: AL, AR, AZ, CA, CO, CT, DE, FL,
GA, HI, IA, ID, IL, IN, OH, KS, KY, LA, MA, MD, MI, MN, MO, MS, MT, NC, ND,

NE, NH, NJ, NM, NV, NY, OK, PA, SC, TN, TX, UT, VA, VT, WA, WL, WV, and WY.

Table 5.1.1 SIC codes and their descriptions

SIC code Description

20 Food and Kindred Products

21 Tobacco Products

22 Textile Mill Products

23 Apparel, Finished Products from Fabrics & Similar Materials
24 Lumber and Wood Products, Except Furniture

25 Furniture and Fixtures

26 Paper and Allied Products

27 Printing, Publishing and Allied Industries

28 Chemicals and Allied Products

29 Petroleum Refining and Related Industries

30 Rubber and Miscellaneous Plastic Products

31 Leather and Leather Products

32 Stone, Clay, Glass, and Concrete Products

33 Primary Metal Industries

34 Fabricated Metal Products, Except Machinery & Transport Equipment
35 Industrial and Commercial Machinery and Computer Equipment
36 Electronic, Electrical Equipment, Except Computer Equipment
37 Transportation Equipment

38 Instruments and Related Products

39 Miscellaneous Manufacturing Industries
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http://www.melissadata.com/lookups/sic.asp?sic=23
http://www.melissadata.com/lookups/sic.asp?sic=38

In this study, a web survey is used to collect data. The designing of the web
survey was done with the assistance of the Urban Affairs Center (UAC) at The University
of Toledo. UAC helps in designing a professional, high-quality survey that facilitates the
answering of the questionnaire. Furthermore, UAC helps by sending messages to the
respondents to remind them to complete the survey. UAC also stores the data (responses)

and provides them in a clear electronic file in SPSS or Excel format.

In designing the web survey, several aspects were taken into consideration: 1) it
was decided to present the survey as a multi-page form, rather than a single page form.
Even though previous research had not found significant differences between these two
presentation methods (Batagelj and Vehovar, 1998), we choose a multi-page format
because we did not want the respondent to see the whole questionnaire and get
discouraged by the total number of questions presented at once; 2) some sections of the
survey were designed by placing the scale at the right and left hand side of each
alignment, SCM strategy, and SCM practices questions, to help in reducing the number
of pages in the survey; 3) the online survey was designed to be as simple as possible in

terms of format and navigation as there was no password required to answer the survey.

The UAC sent the first waves of e-mail as an invitation to participate in the
survey. The e-mail briefly described the objective of the research and had a link to the
survey. In the first wave, initially from the 5000 contacts, 1888 bounced back due to e-
mails that do not exist. The results of the first waive shows that only 9 people responded
to the survey (from the 3112 names that received an e-mail). A second reminder was sent
exactly a week after the first attempt. In the second wave, to encourage participation in

the survey, I arranged for a lottery price worth $100. In the e-mails and cover letters, the

92



following sentence was added “Those who complete the survey and provide their contact
information will be automatically entered in a drawing for $100. Your contact

information will not be used for any other purpose”.

Phone calls were also made (with the assistance of the UAC) to remind people to
participate in the survey. A total of 730 people agreed to fill out the survey. However,
only 68 people actually took the survey. Up to this point, the total number of the people

who had completed the survey was 77 (9+68).

To encourage more people to participate in the survey, I provided a $20 check as
an incentive for each person who completed the survey. As a result, 113 people
responded to my survey from the initial list of the 3112 names. Seventeen people from
outside the initial list participated in my survey, with a total responses of 207
(77+113+17). Two responses had to be removed from the data since they were not
completed by the respondents. Therefore, the final number of complete and usable
responses was 205, representing a response rate of 6.6% (calculated as 205/ 5000-

1888+17).

The non-response bias was checked later in section 5.3 between the respondents
who did participate before the $20 incentive was provided and those who participated

after the $20 incentive was provided.

5.2 Sample Demographics

This section will discuss sample characteristics in terms of (1) the respondent (job
function, job title, and number of years stayed at the organization), and (2) the

organization (employment size, industry category, number of years in business, annual
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sale, annual information system budget, annual system budgets as a percentage of sale,
percentage of electronic business transactions with customers and suppliers, horizontal
position of an organization in the supply chain, the implementation of a SCM program,

and technology application utilization).

5.2.1 Sample Characteristics of the Respondent

Job Title

More than half of the respondents (55%) are managers, while 29% of the
respondents belong to the “other” category such as senior purchasing agent, procurement
director, VP of supply chain, vice president, supply chain planner, purchasing manager,
logistician, buyer/planner, project manager, supplier quality engineer, IT director, CIO,
systems analyst, supervisor, and EVP-Supply Chain. 14% of the respondents are
directors, and only 2% of the respondents are CEO/ Presidents of their organizations.

Figure 5.2.1.1 displays the respondents by job title.

Figure 5.2.1.1 Respondents by Job Title

CEO/President

o,

Director
14%

Figure 5.2.1.1 Respondents by job title
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Job Function

Seventy-seven percent (77%) of the respondents are experts in the area of
purchasing, while 21% of the respondents are experts in the area of manufacturing
production. Fifteen percent (15%) are experts in the transportation and distribution areas,
and 13% are corporate executives. Finally, only 3% are experts in the sales function.
Figure 5.2.1.2 displays the respondents by job function. This shows that most of the
respondents are knowledgeable and expert in the area of purchasing. (Note: one company
may represent multiple data items; the calculation of the percentage is based on the total

sample size of 205).

Figure 5.2.1.2 Respondents by Job
Function

Sales

Transportation
Distribution
Manufacturing Production
Purchasing

77%

Corporate Executive

Figure 5.2.1.2 Respondents by job function

Years Stayed at the Organization

Forty-seven percent (47%) of the respondents indicate they have been working
with the organization for over 10 years; 21% of the respondents have been working with

the organization between 6-10 years; 25% of the respondents have been working between
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2-5 years; and only 7% of the respondents had been at the organization for less than 2
years. Figure 5.2.1.3 displays the respondents by years worked at the organization. This
clearly shows that most of the respondents are experienced and have been working in

their organizations for many years.

Figure 5.2.1.3 Respondents by Years
Worked at the Organization

under 2 years
7%

2-5 years
25%

Figure 5.2.1.3 Respondents by years worked at the organization

5.2.2 Sample Characteristics of Surveyed Organizations

Number of Employees

Thirty-one percent (31%) of the organizations have over 1000 employees, 6% of
the organizations have between 501-1000 employees and 6% of organizations have 1-50
employees. Organizations that have between 251 and 500 employees account for 17% of
the sample while organizations with between 101 and 250 employees account for 27% of
the sample. Finally, 13% of the organizations have between 51 and 101 employees.

Figure 5.2.2.1 displays the organizations by number of employees.
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Figure 5.2.2.1 Organizations by
Number of Employees

over 1000 31%
501-1000
251-500
101-250

51-101

1--50

Figure 5.2.2.1 Organizations by number of employees

Industry Category

The majority of the organizations in the study are manufacturing organizations.
Eighty-four percent (84%) of the organizations are considered manufacturing
organizations, while 12% of the respondents belong to the “other” category such as retail,
distribution, logistics, design, manufacturing, and overhaul/repair. Three percent (3%) of
the respondents fall under the service category, and finally 1% of the organizations are
considered as process industries. Figure 5.2.2.2 displays the organizations by industry

category.
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Figure 5.2.2.2 Industry Category

Others
12%

Service
3%
Process

industry
1%

Figure 5.2.2.2 Industry category

Number of Years in Business

Ninety percent (90%) of the organizations have been in business for more than 10

years; 6% have been in business between 6 and 10 years; 4% have been in business

between 2 and 5 years, and none of the organizations have been in business for less than

2 years. Figure 5.2.2.3 displays the organizations by years in business. This clearly shows

that most of the organizations have been in business for more than 10 years.

Figure 5.2.2.3 Years in Business
Lessthan2 2-5years

years / 4%
0% 2 6-10years
6%

Figure 5.2.2.3 Years in business
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Annual Sale

Most of the organizations have annual sales of more than one million in USD.
Looking at Figure 5.2.2.4, only 1% of the organizations have annual sales of less than
one million USD; 20% of the organizations have annual sales of more than $1 billion;
20% had between $25-50 million; 9% and 11% of the respondents have sales volume
between $500-1000 million and between $250-500 million, respectively; 16% of the
organizations have annual sales between $20-250 million, while 13% have annual sales
of $10-25 million. Finally, 10% of the organizations have annual sales between $1 and

$10 million.

Figure 4.2.2.4 Annual Sales in US $

more than 1 Billion 20%
500-1000 Million
250-500 Million
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Figure 5.2.2.4 Annual sales in US dollars

Annual Information System Budget

Twenty percent (20%) of the respondents have an annual information systems
budget between $1 and $5 million; 20% between $500 thousand and $1 million; 47% of
the organizations have annual information systems budget between $0 and $500

thousand:, while 5% have a budget between $5 and $10 million; finally, 8% of the
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respondents have an annual information systems budget more than $10 million. Figure
5.2.2.5 displays the organizations’ annual information systems’ budget in US dollars.
This clearly shows that organizations in the sample use information technology in their

organizations at different intensity.

Figure 5.2.2.5 Annual Information
more than Systems Budgetin US $
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Figure 5.2.2.5 Annual information systems’ budgets in US dollars

Annual Information System Budgets as Percentage of Sale

Almost half of the respondents (48%) have annual information systems’ budgets
of less than 2% as a percentage of their sales, while 24% have an annual information
systems budget between 2% and 4% as a percentage of their sales. Eight percent (8%) of
the organizations have annual information systems budgets between 4% and 8% as a
percentage of their sales and 14% of the organizations have budgets between 8% and

10% of their sales. Three percent (3%) of the respondents have annual information
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systems’ budgets between 8%-10% and another 3% have budgets between 10%-15% as a
percentage of their sales. Finally, none of the respondents have annual information
systems’ budgets over 15% of their sales. Figure 5.2.2.6 displays the organization’s

annual information systems’ budget as a percentage of sales in US dollars.

Figure 5.2.2.6 Annual Information
Systems Budget as Percentage of
Sales

over 15 %

10%-15%
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4%-6%
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less than 2% 48%

Figure 5.2.2.6 Annual information systems’ budget as a percentage of sales in
US dollars

Percentage of Electronic Business Transactions with Customers

Twenty percent (20%) of the organizations state that they have done less than
10% of their business transactions electronically with customers, while 24% of the
organizations have done 10%-30% of their business transactions electronically with
customers, and 23% of the organizations have done 30%-50% of their business
transactions electronically with customers. Twenty percent (20%) of the organizations

indicate that they do between 50% and 80% of these business transactions electronically.
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Finally, 13% indicate that more than 80% of their business transactions with customers
are done electronically. Figure 5.2.2.7 displays the percentage of electronic transactions
with customers. These numbers clearly show the extent to which the sample companies
use information technology when dealing with customers differs from one organization to

another.

Figure 5.2.2.7 Electronic Transactions
with Customers

morethan 80%
13%

Figure 5.2.2.7 Percentage of electronic transactions with customers

Percentage of Electronic Business Transactions with Suppliers

Figure 5.2.2.8 shows the percentage of business transactions that organizations of
done electronically with suppliers: 22% of organizations have done less than 10% of their
business transactions electronically with suppliers; 25% have done between 10% and
30% ; between 30% and 50% of the organizations have done 23%; 50% to 80% have
done 20% of their business transactions electronically with suppliers; and finally, 10% of

the organizations indicate that more than 80% of their business transactions are done
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electronically with their suppliers. Again, this also shows the extent to which

organizations are using I'T when doing business with suppliers.

Figure 5.2.2.8 Electronic
Trasnsactions with Suppliers
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10%

Figure 5.2.2.8 Percentage of electronic transactions with suppliers

Position of an Organization in the Supply Chain

The organization can position itself near the initial source of supply (raw material
and component supplier), or it can be positioned near the customer (distributor,
wholesaler, and retailer), or somewhere in between the near source of supply and
customer (assembler, sub-assembler, and manufacturer). Most of the surveyed
organizations are somewhere in between the near source of supply and customer: 83% of
the organizations are positioned at the manufacturer area, whereas distributors account
for 23% of respondents, and the sub-assemblers account for 15%. The assembler,

component supplier, and raw material suppliers account for 22%, 21%, and 10% of
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respondents, respectively. Finally, retailers and wholesalers account for 11% each. (Note:
one company may represent multiple data items; the calculation of the percentage is
based on the total sample size of 205). Figure 5.2.2.9 displays the percentage of

organizations at each position in the supply chain.

Figure 5.2.2.9 Organization's Position
in the Supply Chain
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Figure 5.2.2.9 Percentage of organization’s position in the supply chain

Embarked-Upon Information Systems Program(s) Aimed Specifically at Implementing

Supply Chain Integration

More than half of the organizations surveyed (65%) embarked upon information
systems (IS) programs aimed specifically at implementing supply chain integration. This
clearly shows that the majority of the organizations surveyed have invested in IS to help
in their supply chain integration. One of the things we are investigating in this study is
how organizations acquire/develop IS in their supply chains to help in achieving supply
chain integration. Sixty-five percent (65%) of the organizations surveyed state that they

invest in IS to achieve supply chain integration, while 35% do not. Of the 65% of
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organizations stating they invest in IS to achieve supply chain integration, 56% of them
have used these IS programs for this purpose for less than 5 years, and 29% of the
organizations have used them between 5 to 10 years. Finally, 15% of the organizations
have utilized IS programs aimed specifically for implementing supply chain integration
for more than 10 years. (Note: the calculation of the percentage is based on the total
sample size of 134 organizations that did actually embark upon IS programs). Figure
5.2.2.10 displays the percentage of organizations using information systems programs

aimed specifically at implementing supply chain integration.

Figure 5.2.2.10 Percentage of
Organizations Using Information
Systems Programs Aimed Specifically
at Supply Chain Integration
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35%

e

Figure 5.2.2.10 Percentage of organizations using information systems

programs aimed specifically at implementing supply chain integration

Technology Application Utilization

Forty-eight percent (48%) of the organizations surveyed stated that the primary
technology application that they use in their organizations is EDI, while 19% of the

organization report that they use supply chain management software as their primary
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application. Fourteen percent (14%) of the respondents belong to the “other” category
such as (SAP, ERP, JD Edwards, ETQ and Mapics, Custom Software, WMS, Bar Code,
Open Systems, Vendor Managed Inventory, Multiple Systems, PMR (Process Monitoring
Systems), and Manufacturing Execution Software). Furthermore, 14% of the
organizations use extranets, and finally 5% of the organizations surveyed use DSS.
Figure 5.2.2.11 displays the percentage of organizations based upon the primary
technology application that they use in their firms. (Note: one company may represent
multiple data items; the calculation of the percentage is based on the total sample size of

205).

Figure 5.2.2.11 Technology
Application Utilization
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Figure 5.2.2.11 Technology application utilization

5.3 Non-Response Bias

A non-response bias was assessed using a Chi-square test which was conducted

between two groups: 1) the respondents who did participate before the $20 incentive was
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provided, “first wave”; and 2) the respondents who participated after a $20 incentive was
offered for each person who completed the survey, “second wave”. The first group has a
total of 77 responses; whereas the second group has a total of 128 responses. A non-
response bias analysis was conducted to check if there were any significant differences
between the two groups based on employment size, annual sales, and job title. The results

are shown in Table 5.3.1

Table 5.3.1 Test of non-response bias

First Wave | First Wave Second Second Chi-
Variables (77) Wave (128) | Wave

Observed | Expected Observed Expected square

Frequency Frequency
Test

Number of Employees (205) Frequency (%)
1-50 5 (6%) 4.5 (5.8%) 7 (5%) 7.5 (5.9%) Chi-
51-100 10 (13%) | 10.1 (13.1%) | 17 (13%) 16.9 (13.2%) | square =
101-250 23 (30%) | 20.6 (26.7%) | 32 (25%) 34.3 (26.8%) | 2.1113
251-500 15(20%) [13.1(17%) |20 (16%) 21.9 (17.1%) | df=5
501-1000 4 (5%) 4.5 (5.8%) 8 (6%) 7.5 (5.9%) p
Over 1000 20 (26%) |24 (31.1%) | 44 (34%) 40 (31.3%) g\;zglue)=.8

Annual Sales in Million USD (203) *two respondent did not provide
annual sales information from the second wave

First Wave | First Wave Second Second Chi-
Variables (77) Wave (126) | Wave

Observed | Expected Observed Expected square

Frequency Frequency
Test

0-1 1(1%) 75 (1%) 1(1%) 1.2 (1%) Chi-
1-10 10 (13%) | 7.6 (9.8%) | 10 (8%) 12.4 (9.9%) | square =
10-25 8 (10%) 10.2 (13.3%) | 19 (10%) 16.8 (13.3%) | 5.4005
25-50 16 21%) | 14.4 (18.7%) | 22 (17%) 23.6 (18.7%) | df=7
50-250 12 (16%) | 12.5 (16.3%) | 21 (16%) 20.5 (16.2%) | P
250-500 11 (14%) | 8.3 (10.8%) | 11 (9%) 13.7 (10.8%) | (value)=.6
500-1000 7 (9%) 7.2(9.4%) | 12 (10%) 11.8 (9.4%) | 112
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over 1 Billion [ 12 (16%) |15.9 (20.7%) | 30 24%) | 26 (20.7%) |
Job Title (205)
First Wave | First wave Second Second Chi-
Variables (77) Wave (126) | Wave square
Observed | Expected Observed Expected Test
Frequency Frequency
CEO/president | 2 (3%) 1.1 (1.4%) 1 (1%) 1.9 (1.4%) Chi-
Director 14 (18%) | 10.9 (14.1%) | 15 (12%) 18.1 (14.1%) | square =
Manager 39 (51%) | 42.4 (55.1%) | 74 (58%) 17.6 (55.1%) | 2.9712
Other 22 (28%) | 22.3(29.3%) | 38 (29%) 37.5 (29.3%) | df=3
P
(value)=.3
960

Based on the results of the Chi-square test provided in Table 5.3.1, we can clearly
see that there are no significant differences between the two groups, which suggest that

non-response bias is not a concern for this study.

5.4 Large-Scale Instrument Assessment Methodology

The next step is to test for instrument validation. The validation of the instruments
was tested with the following objectives: 1) purification of the items; (2)
unidimensionality; 3) convergent validity; and 4) discriminant validity. The methods used
in analyzing those objectives were: corrected item total correlation (CITC) for
purification; exploratory factor analysis for unidimensionality; Cronbach’s alpha for
reliability; and finally, correlation analysis for convergent and discriminant validity. To
validate the instruments means that the degree to which the sets of instruments correctly
represent the concept of the study and consequently permit an appropriate interpretation
of the results (Hair, Anderson et al., 1995; Gay and Airasian, 2003). Validity needs to be

assessed in different levels: content, construct, and criterion-related. Construct validity
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refers to the degree to which measures of the same construct correlate more highly with
each other than they do with measures of other constructs (Cook and Campbell, 1997;
Schoenfeldt, 1984). This usually takes the form of convergent and discriminant validity
which is explained later in the section. Criterion-related validity deals with finding the
presence or absence of one or more criteria considered to represent a construct. This type

of validity is assessed through concurrent and predictive validity.

Churchill (1979) suggests that there is a need to purify the items before
administrating factor analysis. This will be carried out by eliminating the items if their
CITC score is below a threshold value of 0.5. However, an item with a CITC score below
the threshold value can be kept if theoretical support and arguments to keep that item can
be provided. On the other hand, an item with a CITC score above the threshold value may
also be removed from the analysis if the deletion of that item dramatically improves the
overall reliability of the specific dimension. The reliability is about the internal
consistency of a latent variable. The reliability is determined by examining Cronbach’s
alpha. Nunnally (1979) suggests that an alpha score of 0.7 or higher indicates a good

reliable scale.

The next step after purifying the items is to examine the factor structure through
exploratory factor analysis (EFA) to assess convergent validity at the dimension level and
discriminant validity at the construct level. The convergent validity is the evidence that
the observed items gathered at different levels converge into observed latent variables,
whereas the discriminant validity refers to the uniqueness and independence of two
different latent variables that are measured by two groups of observed variables

(Campbell, 1960). Assessing both (discriminant and convergent validity) will result in
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measuring the construct validity. The content validity was explained and assessed in

chapter 3 and 4.

The most popular rotation methods used in factor analysis are principal
component analysis method and VARIMAX rotation extraction method (Kaiser, 1958).
Factor loading with a score greater than 0.5 are considered significant (Hair, Anderson et
al., 1995); the score of 0.5 is used as a cut-off score for the items. Any items that are not
loading in a particular dimension or having a significant cross loading with other
dimensions will be dropped from any further analysis. Thus, items with good
measurement properties should exhibit high factor loadings on the intended factor and

small factor loadings in other factors (Segars and Grover, 1993).

During the EFA stage, a Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy was calculated. Sampling adequacy assures that an effective sample size is
found so it can be assessed at the factor analysis stage. The KMO measure indicates that
the effective sample size is adequate for the factor analysis. Generally, KMO scores
below 0.5 are unacceptable, in the 0.60's are tolerable, in the 0.70's are average, in the

0.80's are very good, and in the 0.90's are outstanding.

5.5 Large-Scale Measurement Results

This section will present the results of the large-scale instrument validation of the
six constructs following the steps mentioned in the previous section (section 5.4 large-
scale instrument assessment methodology). The 6 constructs are: SCM Strategy,
Information Systems Strategy, SCM practices, IT utilization, SCM Performance, and

Firm Performance.
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5.5.1 SCM Strategy (SCMS)

Purification of the items (Reliability)

A SCMS construct was initially represented by three dimensions and 17 items,
and they are as follows: (1) Lean Supply Chain (LSC) (6 items), (2) Agile Supply Chain
(ASC) (6 items), and (3) Hybrid Supply Chain (HSC) (5 items). The original items with

the code for each item and the CITC results of SCMS are shown in Table 5.5.1.1

The analysis began with purification using CITC analysis. CITC analysis was
done to the three dimensions. All the items in the three dimensions had a score higher
than 0.5 except for the item (SCMS_ASC1) which had a score of 0.49. Even though the
score was slightly below the threshold, it was decided to keep the item because removing
this item did not improve the reliability (Cronbach’s alpha score of 0.81) for ASC
dimension. Also, removing this item has caused item (SCMS_ASC4) to have a score of
0.33 which means that I need to delete both items (SCMS_ASCI1, and SCMS_ASC4).
Deleting these two items did not improve the overall reliability, so it was decided to keep
item (SCMS_ASC1). The reliability of the three dimensions (LSC, ASC, and HSC) are

(0.82, 0.81, and 0.93) respectively.
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Table 5.5.1.1 Supply chain management strategy- initial large scale survey

items, CITC results, and overall alpha score

Item Code Survey Item CITC-1 | Alpha
Lean Supply Chain (LSC)

SCMS LSCI1 | Our suppliers deliver what we need S1

SCMS LSC2 | Our suppliers deliver when we need .54 82

SCMS LSC3 | Our suppliers deliver where we need .53

SCMS LSC4 | Our suppliers adopt quality practices as per our .65
requirements

SCMS_LSCS5 | Our suppliers manage quality as per our requirements | .69

SCMS LSC6 | Our suppliers inspect products frequently 57

Agile Supply Chain (ASC)

SCMS ASCI1 | Our suppliers respond quickly to our changing 49
requirements of cost

SCMS_ASC2 | Our suppliers respond quickly to our changing 57
requirements of delivery time

SCMS_ASC3 | Our suppliers respond quickly to our changing 59
requirements of design

SCMS ASC4 | Our suppliers respond effectively to our changing 52 81
requirements of cost

SCMS_ASCS | Our suppliers respond effectively to our changing .62
requirements of delivery time

SCMS ASC6 | Our suppliers respond effectively to our changing .65
requirements of design

Hybrid Supply Chain (HSC)

SCMS HSCI1 | Our suppliers customize our products by adding .85
feature models as per our requirements

SCMS HSC2 | Our suppliers produce modular products .83

SCMS_HSC3 | Our suppliers respond to customization requirements | .84 93
quickly

SCMS HSC4 | Our suppliers delay the product final assembly until 5
customers make an order

SCMS HSCS5 | Our suppliers change the design of the product .76
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Factor Analysis

Exploratory factor analysis (EFA) was conducted using principal components as
means of extraction and VARIMAX as the method of rotation. EFA was conducted to

check the discriminant and convergent validity.

Dimension Level Factor Analysis:

To ensure the convergent validity for each of the three dimensions in the Supply
Chain Management Strategy (SCMS) construct, a factor analysis was conducted for each
of the three dimensions (LSC, ASC, and HSC). For the dimension LSC, the items did
converge into one single factor. Looking carefully at the questions with regards to LSC,
the first three questions (Our suppliers deliver what we need, our suppliers deliver when
we need, and our suppliers deliver where we need) clearly deals with the delivery aspect
of the LSC or the transportation/logistics issue in the LSC. On the other hand, the second
set of questions (Our suppliers adopt quality practices as per our requirements, our
suppliers manage quality as per our requirements, and our suppliers inspect products
frequently) clearly deals with the quality issue in LSC. The initial factor results are

shown in Table 5.5.1.2.

Table 5.5.1.2 Dimension —level factor analysis for LSC

Component
1
SCMS_LSC5 .892
SCMS_LSC6 .859
SCMS_LSC4 .806
SCMS_LSC3 .895
SCMS_LSC2 810
SCMS LSCI 746
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As indicated by Table 5.5.1.2, all factor loadings are greater than 0.76. The

Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy for LSC dimension was 0.74.

For the dimension ASC, the items did not emerge into one single factor. The item
codes (SCMS ASCI and SCMS ASC4) created a second factor as shown in Table

5.5.1.3.

Table 5.5.1.3 Dimension—level factor analysis for ASC

Component
1 2
SCMS_ ASC3 .840
SCMS _ASC6 .834
SCMS_ASC2 708
SCMS_ASC5 707
SCMS _ASC1 .900
SCMS_ASC4 .886

Looking carefully at those two questions, they clearly deal with the cost issue in
the supply chain strategy which was captured in the LSC (the first dimension). The two
questions are: (Our suppliers respond quickly to our changing requirements of cost for
the code SCMS ASCI1, and our suppliers respond effectively to our changing
requirements of cost for the code SCMS_ASC4). Therefore, it was decided to drop these
two items from any further analysis. Hence, they are the same items that had a low CITC
scores in the purification section. After dropping those two items, another factor analysis
was conducted to the remaining 4 factors. The factor results are shown in Table 5.5.1.4

which indicates that a single factor solution emerged for this dimension with all factor
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loadings greater than 0.77. The Kaiser-Meyer-Olkin (KMOQO) measure of sampling

adequacy for ASC dimension was 0.56.

Table 5.5.1.4 Dimension —level factor analysis for ASC results (2)

Component
1
SCMS_ASC6 .806
SCMS ASC3 .800]
SCMS ASCS5 786
SCMS ASC2 178

Finally, for the dimension HSC, a single factor solution emerged for this
dimension with all factor loadings greater than 0.82. The Kaiser-Meyer-Olkin (KMO)

measure of sampling adequacy was 0.88. The results are shown in Table 5.5.1.5

Table 5.5.1.5 Dimension—level factor analysis for HSC

Component
1
SCMS _HSC3 908
SCMS_HSC1 905
SCMS_HSC2 .890
SCMS_HSCS5 .840
SCMS_HSC4 .828

Construct Level Exploratory Factor Analysis

The remaining 15 items of the Supply Chain Management Strategy construct were
submitted to a construct level exploratory factor analysis to check for discriminant

validity. A clear three factors emerged from this analysis. However, two items cross
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loaded into two dimensions; the items code (SCMS_ASC2, and SCMS_ASCS5) loaded
into the first dimension which is LSC, and the second dimension which is ASC (where it
was initially supposed to load). After carefully reviewing the questions for item codes
SCMS ASC2 and SCMS ASC5 (Our suppliers respond quickly to our changing
requirements of delivery time, and our suppliers respond effectively to our changing
requirements of delivery time), these two questions deal with the delivery issue of the
supply chain strategy which was captured in the first dimension LSC. Therefore it was
decided to delete the two items (SCMS ASC2, and SCMS_ASCS5) from any further

analysis. The results are shown in Table 5.5.1.6.

Table 5.5.1.6 Supply chain management strategy-construct level factor

analysis results

Component
1 2 3

SCMS HSC3 .895

SCMS_HSC2 .895

SCMS HSC1 .887

SCMS HSC5 .843

SCMS_HSC4 825

SCMS LSC3 812

SCMS _LSC2 794

SCMS LSCI 714

SCMS_LSC5 .857

SCMS LSC6 .838

SCMS _LSC4 751

SCMS_ASC3 .852
SCMS_ASC6 790
SCMS_ASC2 478 .614
SCMS_ASC5 546 .566
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After eliminating the two items, a second level exploratory factor analysis for the
remaining 13 items was conducted. Most of the factor loadings were above 0.73 as seen
in Table 5.5.1.7.The sample adequacy was very good at 0.78 and the three factors

accounted for almost 77% of the total variance.

Table 5.5.1.7 Supply chain management strategy - construct level factor

analysis results (2)

Component

1 2 3
SCMS HSC3 .898
SCMS HSC2 .897
SCMS HSC1 .888
SCMS HSC5 .842
SCMS HSC4 827
SCMS LSC5 .870
SCMS LSC6 .868
SCMS LSC4 738
SCMS LSC3 871
SCMS LSC2 789
SCMS LSCI 758
SCMS_ ASC3 910
SCMS_ASC6 .864
Eigen Value 4.169 4.408 1.478
% Variance Explained 32.069 33.899 11.37
Cumulative % of 32.069 56.912 77.346
Variance
Kaiser Mayer Orkin (KMO) Measure of sampling adequacy = 0.78
Cronbach Alpha (a) = 0.82
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5.5.2 Information Systems Strategy (ISS)

Purification of the items (Reliability)

ISS was initially represented by three dimensions and 17 items, and they are as
follows: (1) Information Systems for Efficiency (ISE) (5 items), (2) Information System
for Flexibility (ISF) (5 items), and finally (3) Information Systems for
Comprehensiveness (ISC) (4 items). The CITC results of ISS are shown in Table 5.5.2.1.
The results show that all scores for all the CITC items are higher than 0.5. Therefore,
there is no need to delete any of the items for the three dimensions. Moreover, the
Cronbach’s alpha for the ISE, ISF, and ISC are 0.89, 0.88, and 0.94, respectively. The
Cronbach’s alpha results indicate a very high reliability (internal Cronbach’s alpha

consistency) of the items.

Table 5.5.2.1 Information systems strategy- initial large scale survey items,

CITC results, and overall alpha score

Item Survey Item CITC-1 | Alpha
Code

Information Systems for Efficiency (ISE)
ISS ISE1 Improve the efficiency of operation 73

The between our suppliers and us
ISS_ISE | Information Manage inventory between our 74
2 Systems (IS) suppliers and us
ISS ISE | applications Manage material requirements .66 .89
3 we planning of our facility
ISS ISE | acquire/develo | Manage production control between | .76
4 p help us to: our suppliers and us
ISS ISE Coordinate (production and .76
5 information) efficiently across

suppliers and product lines

Information Systems for Flexibility (ISF)
ISS The Information | Introduce new product(s) and/or .78
ISF1 Systems (IS) service(s) in our market(s)
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ISS applications we | Quickly share information within our | .64 838
ISF2 acquire/develop | firm
ISS help us to: Monitor changes in our market .68
ISF3 condition
ISS Respond to changes in the market .80
ISF4
ISS Change the design of our product(s) | .65
ISF5
Information Systems for Comprehensiveness (ISC)
ISS Provide sufficient information to .84
_ISC1 | The Information | support careful decision making
ISS Systems (IS) Provide detailed analysis of major .86 94
ISC2 applications we | decisions
ISS acquire/develop | Provide support for decision making | .86
~ISC3 | help us to:
ISS Adopt a well analyzed view when .86
_ISC4 making major decisions

Dimension Level Factor Analysis:

for each of the three dimensions: Information Systems for Efficiency (ISE), Information
Systems for Flexibility (ISF), and Information Systems for Comprehensiveness (ISC) in
the Information Systems Strategy (ISS) construct. The five items for ISE were submitted
to a factor analysis. A single factor solution emerged with factor loadings above 0.78.
Sampling adequacy (KMO) is very good at 0.85. For ISF the five items were submitted to
a factor analysis. All items had factor loadings above 0.77 with a single factor solution
emerging from this analysis. The sampling adequacy (KMO) is very good at 0.80.
Finally, the four items for ISC provided a clear one-factor solution with loadings above

0.91, and sampling adequacy (KMO) of 0.87. The results of the dimension level factor

analysis are presented in Table 5.5.2.2.
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Table 5.5.2.2 Dimension —level factor analysis for ISE, ISF, and ISC

Component
1
ISS ISES 851
ISS ISE4 .849
ISS ISEI .838
ISS ISE2 .837
ISS ISE3 7182
Component
1
ISS ISF4 .885
ISS ISF1 .862
ISS ISF3 795
ISS ISF2 173
ISS ISF5 7701
Component
1
ISS ISC2 928
ISS ISC4 925
ISS ISC3 921
ISS ISC1 909

Construct Level Exploratory Factor Analysis:

To further ensure the discriminant validity of Information Systems Strategy (ISS)
dimensions, all 14 items of the ISS construct were submitted to a construct level
exploratory factor analysis. Three factors emerged from this analysis as seen in Table
5.5.2.3. However, item code ISS ISF2 cross loaded into the second dimension (ISF) and
the third dimension (ISC). Therefore, it was decided to drop this item from any further

analysis.
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Table 5.5.2.3 Information systems strategy- construct level factor analysis

results

Component
1 2 3

ISS ISC2 .833
ISS ISC3 .808
ISS ISC4 .802
ISS ISC1 757
ISS ISE3 747
ISS ISEI 730
ISS ISE2 718
ISS ISE4 T17
ISS ISES 612
ISS ISF2 524 489
ISS ISF1 .828
ISS ISF4 774
ISS ISF5 762
ISS ISF3 745

A second exploratory factor analysis was conducted to the remaining 13 items.
The results are shown in Table 5.5.2.4 which indicates a clear three-factor solution
emerged with all factor loadings greater than 0.61 and no cross loadings, indicating no
further revision required for the items. The KMO measure (0.89) indicates an excellent
sampling adequacy, the three factors accounted for almost 76% of the total variance, and

the overall Cronbach alpha score is 0.82.
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Table 5.5.2.4 Information systems strategy--construct level factor analysis

results (2)

Component
1 2 3
ISS ISC2 838
ISS ISC3 814
ISS ISC4 .806
ISS ISC1 764
ISS ISE3 749
ISS ISEl 731
ISS ISE4 722
ISS ISE2 721
ISS ISES 619
ISS ISF1 .824
ISS ISF4 778
ISS ISF5 758
ISS ISF3 754
Eigen Value 7.338 1.539 969
% Variance Explained 56.449 11.837 7.457
Cumulative % of 56.449 68.628 75.743
Variance

Kaiser Mayer Orkin (KMO) Measure of sampling adequacy = 0.89
Cronbach Alpha (a) = 0.82

5.5.3 Supply Chain Management (SCM) Practices

Purification of the items (Reliability)

SCM practices were initially represented by six dimensions and 24 items, and
they are as follows: (1) Strategic Supplier Partnership (SSP) (4 items), (2) Customer

Relationship (CR) (4 items), (3) Internal Lean Practices (LSP) (4 items), (4)
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Postponement (POS) (4 items), (5) Information Sharing (IS) (3 items), and finally (6)
Information Quality (IQ) (5 items). The analysis began with purification using CITC
analysis. The CITC scores for each item and its corresponding code name are shown in

Table 5.5.3.1

The CITC scores show that all scores for all the CITC items are higher than 0.5
except for the following items (SC_ SSP3 and SC SSP4 for the SSP dimension), and
(SC POS3 for the POS dimension). After carefully examining the item SC SSP3,
(Include our key suppliers in our planning and goal-setting activities), it can be concluded
that this item can be constructed as part of SC_ SSP2 (Solve problems jointly with our
suppliers). Therefore, it was decided to drop this item from any further analysis. After
dropping this item, a second CITC analysis was conducted. The results did slightly
improve the CITC score for item SC SSP4 to 0.50. Therefore, it was decided not to
remove this item. Moreover, the Cronbach’s alpha for SSP is 0.74 which is above the

threshold value of 0.7 which indicates a good reliable scale.

The CITC scores for all items in (SC CR, SC LSP, SC POS, SC IS, and
SC_1Q) are all well above 0.50 with a Cronbach’s alpha value of (0.85, 0.84, 0.78, 0.85,

and 0.96) respectively.

Dimension Level Factor Analysis:

Dimension level factor analysis was performed to each of the dimensions of the
Supply Chain Management Practices construct. For the Strategic Supplier Partnership
(SSP), the remaining three items were submitted to a factor analysis and a single-factor

solution emerged with factor loadings above 0.74. Sampling adequacy (KMO) is
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acceptable at 0.67. The four items of Customer Relationship (CR) were submitted to a
dimension level factor analysis and a clear one-factor solution emerged. All items had

factor loadings above 0.77 and sampling adequacy (KMO) is very good at 0.81.

The four items that comprised the Lean System Practices (LSP) provided a clear
one- factor solution with all factor loading greater than 0.77 and the KMO score was
0.78, indicating a good sampling adequacy. For postponement (POS), the four items
provided one single factor with all loadings greater than 0.68 and the KMO score was
0.72. Also, one clear factor has emerged from the three items for the Information Sharing
(IS) dimension with all factors loading above 0.78 and KMO score of 0.65. Finally, the
five items of Information Quality (IQ) were submitted to a dimension level factor
analysis and a clear one-factor solution emerged. All items had factor loadings above
0.91 and sampling adequacy (KMO) is excellent at 0.90. The results are summarized in
Table 5.5.3.2. This analysis has been done to assess convergent validity at the dimension

level for all SCM practices dimensions.

Table 5.5.3.1 Supply chain management practices- initial large scale survey

items, CITC results, and overall alpha score

Item Code | Survey Item CITC-1 | CITC- | Alpha
2
Strategic Supplier Partnership (SSP)
SC SSP1 | Select suppliers based on their quality .60 .60
SC SSP2 | Solve problems jointly with our suppliers | .65 .62
SC_SSP3 | Include our key suppliers in our planning | .47 74
and goal-setting activities
SC_SSP4 | Help our suppliers to improve their 49 S50
product quality

Customer Relationship (CR)

SC CRI1 Interact with customers to set reliability, .63
responsiveness, and other standards for us

SC CR2 Measure and evaluate customer .67 85
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satisfaction

SC CR3 Determine future customer expectations .73

SC CR4 | Facilitate customers’ ability to seek 5
assistance from us

Lean System Practices (LSP)

SC LSP1 | Reduce manufacturing set-up time .59
SC LSP2 | Build and maintain continuous quality 77
improvement program(s) 84

SC LSP3 | Streamline ordering, receiving and other .62
paperwork from suppliers

SC _LSP4 | Push suppliers for shorter lead-times 1
Postponement (POS)
SC POS1 | Delay final product assembly activities .65
until customer orders have actually been
received .78
SC POS2 | Delay final product assembly activities |

until the last possible position (or nearest
to customers) in the supply chain

SC POS3 | Store our parts/products at distribution .50
points closer to the customer
SC POS4 | Design products for modular assembly S1
Information Sharing (IS)
SC_IS1 Inform our trading partners in advance of | .60
our changing needs
SC IS2 Mutually share business knowledge of .83 85
core business processes with our trading
partners

SC_IS3 Mutually share proprietary information 74
with our trading partners

Information Quality (1Q)

SC 1Q1 Exchange timely manner 87
SC 1Q2 information accurate manner 92
SC 1Q3 with our trading | complete manner 90 .96
SC 1Q4 partners in a: adequate manner 91
SC 1Q5 reliable manner 87

Construct Level Exploratory Factor Analysis:

To assess the discriminant validity, all 23 items of the SCM practices construct

were submitted to a construct level exploratory factor analysis. Six factors emerged from
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this analysis as seen in Table 5.5.3.3. However, the item SC IS1 did cross load into
dimension 5 (IS) where it was initially supposed to load, but it unexpectedly also loaded
into dimension 6 (IQ). Therefore, it was decided to drop this item from any further
analysis. A second construct level exploratory factor analysis was conducted for the 22
remaining items. The results are shown in Table 5.5.3.4 which indicates a clear six
factors emerging from this analysis. Most of the factor loadings were above 0.63 with no
cross loadings. The KMO measure (0.76) indicates a good sampling adequacy, the

variance accounted slightly over 75% and the overall Cronbach alpha score is 0.84.

Table 5.5.3.2 Dimension—level factor analysis for SSP, CR, LSP, POS, IS, and

IQ
Component 1 (SSP)
SC_SSP2 851
SC SSP1 .849
SC _SSpP4 745
Component 1 (CR)
SC CR4 .866
SC CR3 .861
SC _CR2 812
SC CRI1 71
Component 1 (LSP)
SC_LSP2 .887
SC _LSP4 851
SC LSP3 794
SC LSPI 775
Component 1 (POS)
SC POS2 .868
SC _POS1 .836
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SC POS4 12
SC POS3 .684
Component 1 (IS)
SC 1S2 930
SC IS3 .887
SC IS1 787
Component 1 (IQ)
SC 1Q2 951
SC 1Q4 941
SC 1Q3 .940
SC 1IQ1 924
SC 1Q5 911

Table 5.5.3.3 Supply chain management practices- construct level factor

analysis results

Component

3

4

SC 1Q2
SC 1Q3
SC_1Q4
SC 1Q1
SC_1Q5
SC LSP2
SC_LSP4
SC_LSPI
SC LSP3
SC_CR4
SC_CR3
SC_CR2
SC_CR1

935
925
921
.893
874

.885
.804
751
738
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SC POS2
SC POSI
SC_POS4
SC POS3
SC IS2

SC IS3

SC IS1

SC_SSP2
SC SSP1
SC SSP4

529

877
.845
.689
.634

.876
.859
575

780
T
.642

Table 5.5.3.4 Supply chain management practices- construct level factor

analysis results (2)

Component

3

SC_1Q2
SC 1Q3
SC 1Q4
SC 1Q1
SC 1Q5
SC_LSP2
SC_LSP4
SC_LSPI
SC_LSP3
SC_CR4
SC_CR3
SC_CR2
SC_CRI1
SC_POS2
SC_POSI
SC_POS4

937
928
923
897
.879

.885
.805
751
740
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SC POS3 635
SC_SSP2 789
SC_SSPI 785
SC _SSP4 633
SC_IS3 879
SC IS2 872
Eigen 5.979 3.406 2.716 1.920 1314 | 1.233

Value
% 27.179 15.480 12.344 8.727 5973 | 5.606
Variance
Explained
Cumulative 27.179 42.658 55.002 63.729 69.702 | 75.308
% of
Variance
Kaiser Mayer Orkin (KMO) Measure of sampling adequacy = 0.76

Cronbach Alpha (o) = 0.84

5.5.4 Information Technology Utilization

Purification of the items (Reliability)

Information Technology Utilization (ITU) was initially represented by three
dimensions and 15 items, and they are as follows: (1) External Focus on IT (EIT) (5
items), (2) Internal Focus on IT (IIT) (5 items), and finally (3) Infrastructural Focus on IT
(INFRA) (5 items) as well. The CITC scores indicated in Table 5.5.4.1 show that all
scores for all the CITC items are higher than 0.5 except for the following items (ITU
IIT1, and ITU _1IT2) for the IIT dimension. The CITC score for ITU 1IT1 was very low
at 0.39. On the other hand, The CITC score for ITU _IIT2 was .49 which is very close to
0.50. After carefully reviewing the item (ITU_IIT1), (We improve processes inside our

firm by using IT to reduce manufacturing set-up time), it was decided to delete this items
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for a low CITC score. After deleting this item, another reliability test was conducted for
the remaining four items. The results in Table 5.5.4.1 show that the CITC score for and
ITU_ 1IT2 went down dramatically to 0.40 while the CITC score for the other three items
had minor changes in its scores. The Cronbach’s alpha for (IIT) dimension did not
change from test 1 to test 2. Therefore, it was decided to delete item ITU_ IIT2 from any
further analysis. A third reliability test was conducted to the remaining three items. The
result in Table 5.5.4.1 indicates that all CITC scores are above .05 with a Cronbach’s
alpha of 0.74. Finally, the CITC scores for the five items of the (INFRA) dimension are
well above .05 with a Cronbach’s alpha of 0.96 which indicates an excellent reliable

scale.

Table 5.5.4.1 Information technology utilization - initial large scale survey

items, CITC results, and overall alpha score

Item Code | Survey Item CITC- | CITC- | CITC- | Alpha
1 2 3
External Focus on IT (EIT)
ITU EITI Solve problems jointly | .78
We interact | with our suppliers .89

ITU _EIT2 | with our Help our suppliers to .66
partners by | improve their product
using IT to: | quality

ITU _EIT3 Include our key 73
suppliers in our
planning and goal-
setting activities

ITU EIT4 Measure and evaluate | .74
customer satisfaction
ITU _EITS Facilitate customer .76

service activities

Internal Focus on IT (IIT)

ITU NOT1 | We Reduce manufacturing | .39
improve set-up time
ITU 1IT2 | processes Forecast demand 49 40 .74
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ITU MT3 |inside our | Design products for 54 .56 59
firm by modular assembly
ITU 1IT4 |usingIT to | Delay final product .60 S7 S5
assembly activities
until customer orders
have actually been
received
ITU 1IT5 Store our 54 59 55
parts/products at
distribution points
close to the customer
Infrastructural Focus on IT (INFRA)
ITU INFR | Inside our | Communication and .89
Al firm, our sharing of business
IT knowledge of core 96
foundation | business processes
ITU INFR | (platforms, | Communication and 90
A2 networks, | exchange of timely
and information
ITU INFR | databases) | Communication and .93
A3 facilitates | exchange of accurate
information
ITU_INFR Communication and 91
A4 exchange of complete
information
ITU_INFR Communication and .84
AS exchange of adequate

information

Dimension Level Factor Analysis:

To validate the convergent validity of the dimensions in the Information
Technology Utilization (ITU) construct, dimension level factor analyses were conducted
for each of the three dimensions. Table 5.5.4.2 indicates a single-factor solution for the

five items for the EIT dimension with all factor loadings above 0.77. Sampling adequacy

(KMO) is very good at 0.81.
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Table 5.5.4.2 Dimension—level factor analysis for EIT, IIT, and INFRA

Component (EIT)
1
ITU EIT1 .870
ITU _EITS .854
ITU EIT4 .844
ITU _EIT3 .830
ITU EIT2 174
Component (IIT)
1
ITU T3 .827
ITU IIT4 .803
ITU TS5 .800
Component (INFRA)
1
ITU INFRA3 957
ITU INFRA4 946
ITU INFRA2 936
ITU INFRAI 928
ITU INFRAS .899

The three remaining items of IIT were submitted to a dimension level factor
analysis and a clear one-factor solution emerged. All items had factor loadings above
0.80 and sampling adequacy (KMO) is acceptable at 0.69. Finally, the five items of
INFRA dimension were submitted to a dimension level factor analysis and a clear one-
factor solution emerged. All items had factor loadings above 0.89 and sampling adequacy
(KMO) is excellent at 0.90. The results of the dimension level factor analysis are

presented in Table 5.5.4.2.
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Construct Level Exploratory Factor Analysis:

To further validate the discriminant validity of the dimensions in the Information
Technology Utilization (ITU) construct, dimension level factor analyses was conducted
for each of the three dimensions and the results are shown in Table 5.5.4.3. A clear three-
factor solution emerged for the (EIT, ITT, and INFRA). No cross-loadings were
observed, and all factor loadings have a value of 0.66 or greater. The variance explained
by the three factors accounts for 76% of the total variance and the KMO measure of 0.90
indicates an excellent sample adequacy. The reliability was also very high, with a

Cronbach alpha score of 0.89.

Table 5.5.4.3 Information technology utilization--construct level factor

analysis results

Component
1 2 3
UIT INFRA4 913
UIT _INFRA3 .898
UIT INFRA2 .881
UIT INFRA1 .869
UIT _INFRAS .856
UIT ETI4 798
UIT _ETIS 797
UIT ETI1 749
UIT _ETI3 .697
UIT ETI2 .660
UIT ITT3 .859
UIT ITT4 790
UIT ITTS 705
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Component
1 2 3
UIT INFRA4 913
UIT INFRA3 .898
UIT INFRA2 .881
UIT INFRA1 .869
UIT INFRAS .856
UIT ETI4 798
UIT ETIS 797
UIT ETI1 749
UIT ETI3 .697
UIT ETI2 .660
UIT ITT3 .859
UIT ITT4 790
UIT ITTS 705
Eigen Value 6.706 2.242 963

% Variance 51.585 17.224 7.406
Explained
Cumulative % of 51.585 68.829 76.235
Variance
Kaiser Mayer Orkin (KMQO) Measure of sampling adequacy = 0.90

Cronbach Alpha (o) = 0.89

5.5.5 Supply Chain Management (SCM) Performance

Purification of the items (Reliability)

Supply Chain Management Performance (SCP) was initially represented by three
dimensions and 13 items, and they are as follows: (1) Supply Chain Flexibility (SCF) (6
items), (2) Supply Chain Integration (SCI) (4 items), (3) and Responsiveness to

Customers (RC) (3 items). A reliability analysis was done for each of the three
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dimensions. The CITC score for all items were above the 0.50 threshold. The Cronbach’s

alpha score for the three dimensions (SCF, SCI, and RC) are 0.86, 0.76, and 0.82

respectively. The results are presented in Table 5.5.5.1.

Table 5.5.5.1 Supply chain management performance - initial large scale

survey items, CITC results, and overall alpha score

Item Survey Item CITC-1 | Alpha
Code
Supply Chain Flexibility(SCF)

SCP_SC | Our supply handle difficult nonstandard orders | .68
F1 chain is able .86
SCP_SC |to meet special customer specification | .64
F2
SCP_SC produce products characterized by .68
F3 numerous features options, sizes and

colors
SCP_SC rapidly adjust capacity so as to .60
F4 accelerate or decelerate production

in response to changes in customer

demand
SCP_SC rapidly introduce large numbers of 73
F5 product improvements/variation
SCP_SC handle rapid introduction of new .60
F6 products

Supply Chain Integration (SCI)
SCP_SCI | There is a high level of communication and .60
1 coordination between all functions in our firm
SCP_SCI | Cross-functional teams are frequently used for 52 .76
2 process design and improvement in our firm
SCP_SCI | There is a great amount of cross-over of the 59
3 activities of our firm and our trading partners
SCP_SCI | There is a high level of integration of information S3
4 systems in our firm
Responsiveness to Customers (RC)

SCP RCI1 | Our firm fills customer orders on time .63
SCP RC2 | Our firm has short order-to-delivery cycle time J1 .82
SCP_RC3 | Our firm has fast customer response time 73
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Dimension Level Factor Analysis

Dimension level factor analysis was performed to each of the three dimensions of
the SCP construct. For the Supply Chain Flexibility (SCF), the six items were submitted
to a factor analysis and a single factor emerged with factor loadings above 0.72. KMO is
very good at 0.83. A clear factor emerged for the four items of (SCI) with all factor
loading above 0.73 and a good sampling adequacy of 0.71. Finally, the three items that
comprised the RC dimension provided a clear one-factor solution. All factor loadings
were greater than 0.83 and the KMO score was good at 0.71. The results of the dimension

level factor analysis are presented in Table 5.5.5.2.

Table 5.5.5.2 Dimension—level factor analysis for SCF, SCI, and RC

Component (SCF)
1
SCP_SCF5 .820
SCP_SCF1 791
SCP_SCF3 790
SCP_SCF2 760
SCP_SCF4 723
SCP_SCF6 722
Component (SCI)
1
SCP_SCI1 797
SCP_SCI3 788
SCP_SCIH4 742
SCP_SCI2 731
Component (RC)
1

136



SCP_RC3 888
SCP_RC2 874
SCP RCI 830

Construct Level Exploratory Factor Analysis

A construct level factor analysis was done for the SCM Performance construct
and the results are presented in Table 5.5.5.3. As the results indicate, one factor solution
emerged, and all the factor loadings were 0.66 or higher. Furthermore, the one-factor
solution accounted for over 63.8% of the total variance. Overall, sampling adequacy

score of is very good at 0.81, and the overall reliability of the items is 0.86.

Table 5.5.5.3 Supply chain management performance - construct level factor

analysis results

Component
1 2 3

SCP_SCF5 810

SCP_SCF3 .808

SCP_SCF1 745

SCP_SCF2 738

SCP_SCF4 677

SCP_SCF6 .663

SCP_SCI3 782

SCP_SCI2 744

SCP_SCII 728

SCP_SCIH4 .692

SCP_RC3 .870
SCP_RC2 .859
SCP_RCl1 727
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Component
2 3

SCP_SCF5 .810
SCP_SCF3 .808
SCP_SCF1 745
SCP_SCF2 738
SCP_SCF4 677
SCP_SCF6 .663
SCP_SCI3 782
SCP_SCI2 744
SCP_SCI1 728
SCP_SCH4 .692
SCP_RC3 .870
SCP_RC2 .859
SCP_RC1 127
Eigen Value 4.883 1.834 1.586
% Variance Explained 37.558 14.111 12.2
Cumulative % of 37.558 51.670 63.869
Variance

Kaiser Mayer Orkin (KMO) Measure of sampling adequacy = 0.81

Cronbach Alpha (o) = 0.86

5.5.6 Firm Performance

Purification of the items (Reliability)

The Firm Performance (FP) construct is comprised of a single dimension and six

items. The CITC scores and the overall alpha score were calculated to assess the

reliability of this construct, and the results are shown in Table 5.5.6.1. Overall, the CITC

scores are all above 0.71 and the Cronbach alpha score of 0.92 shows high reliability of
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the measures. Because this construct consisted of a single dimension, no dimension level

analysis was conducted.

Table 5.5.6.1 Firm performance--initial large scale survey items, CITC

results, and overall alpha score

Item Survey Item CITC-1 Alpha
Code
Firm Performance (FP)
FP1 Market Share .78
FP2 Return on investment .79
FP3 The growth of market share 5 92
FP4 Growth in return on investment 81
FP5 Profit margin on sales 1
FP6 Overall competitive position .80

Construct Level Exploratory Factor Analysis

The results of the confirmatory factor analysis for the Firm Performance (FP)
construct are presented in Table 5.5.6.2. As seen in the table, a single-factor solution
emerged from the analysis, and all factor loadings had values of 0.79 or greater.
Furthermore, the KMO measure (0.82) indicated a very good result for this construct.
Overall, the single-factor solution accounted for almost 72% of the total variance, and the

final Cronbach alpha score is 0.92, indicating a very good internal consistency.
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Table 5.5.6.2 Firm performance - construct level factor analysis results

Component
1

FP4 872
FP6 .870]
FP1 .861
FP2 .852
FP3 .831
FP5 796

Eigen Value 4.31

% Variance Explained 71.827

Cumulative % of Variance 71.827

Kaiser Mayer Orkin (KMO) Measure of sampling adequacy = 0.82
Cronbach Alpha (a) = 0.92

5.6 Chapter Summary

Chapter 5 presented a rigorous empirical examination of all the constructs
considered in this research. The purpose of this chapter is to assess the measurement
model for each construct and its dimensions by reporting the convergent validity,
reliability, discriminant validity for each construct (SCM strategy, ISS, SCM practices,
IT utilization, SCM performance, and Firm Performance). From the 89 items that were
considered in this chapter, nine items were deleted and 80 are kept for further analysis.
Table 5.6.1 presents a summary of the results of construct level analysis. As indicated by
this table, all constructs have alpha score of 0.82 or above and KMO scores of 0.76 and
above, indicating the high reliability and sampling adequacy of the constructs. Table

5.6.2 presents a summary of the results of dimensional level analysis.
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Table 5.6.1 Summary-large scale analysis results (construct level)

Construct Level Results # of dimensions alpha | KMO
SCM Strategies 3 0.82 0.78
ISS 3 0.82 0.89
SCM Practices 6 0.84 0.76
IT Utilization 3 0.89 0.90
SCM Performance 3 0.86 0.81
Firm Performance 1 0.92 0.82

Table 5.6.2 Summary-large scale analysis results (dimensional level)

Dimensional Level Results # of items alpha | KMO
Lean Supply Chain (LSC) 6 0.82 0.74
Agile Supply Chain (ASC) 2 0.81 0.56
Hybrid Supply Chain (HSC) 5 0.93 0.88
IS for Efficiency (ISSE) 5 0.89 0.85
IS for Flexibility (ISSF) 4 0.88 0.80
IS for Comprehensiveness (ISSC) 4 0.94 0.87
Strategic Supplier Partnership (SSP) |3 0.74 0.67
Customer Relationship (CR) 4 0.85 0.81
Lean System Practices (LSP) 4 0.84 0.78
Postponement (POS) 4 0.78 0.72
Information Sharing(IS) 2 0.85 0.65
Information Quality(IQ) 5 0.96 0.90
External Focus of IT (EIT) 5 0.89 0.81
Internal Focus of IT (IIT) 3 0.74 0.69
Infrastructural Focus of IT (INFRA) |5 0.96 0.90
Supply Chain Integration (SCI) 4 0.86 0.71
Supply Chain Flexibility (SCF) 6 0.72 0.72
Customer Responsiveness (CR) 3 0.82 0.71
Market and Financial Performance 6 0.92 .082
80 Total Items
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Chapter 6

Causal Model and Hypotheses Testing

In this chapter, the proposed relationship between the model variables is going to
be tested. Structural equation modeling (SEM) framework will be used to test the ten

hypotheses proposed in Chapter 3.

In general, SEM is composed of two parts: 1) The measurement model, and 2) the
structural model. The measurement model in SEM is used to specify the indicators of
each construct and assess the reliability and validity of each construct. On the other hand,
the structural model is used to study the complex interrelations among variables
(Joreskog and Sorbom, 1977). Since each construct has been validated and checked for
reliability through rigorous analysis in Chapter 5, the SEM model described in this
chapter will focus on the path analysis using SMART Partial Least Square (PLS)

software.

Chin et al. (2003) argue that using PLS to test the interaction (moderating) effects
among variables without taking the composite score of each sub-construct will provide
better and presumably more accurate path estimates than creating a composite score and
using multiple regressions. Since this research is dealing with the interaction effects
(moderating alignment) of ISS and SCM strategy and of utilization and SCM practices,

this study will not use the composite score of the sub-constructs to build the structural
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model. Instead, each SCM strategy (lean, agile, and hybrid) will be tested separately with
its corresponding ISS (IS for efficiency, IS for flexibility and IS for comprehensiveness)
to test the impact of aligning (moderating effect) these strategies on SCM performance
and firm performance. These relationships are depicted in Model 1 Figure 6.1.1. The
same goes for SCM practices; each pair of SCM practices will be tested separately with
its corresponding IT usage to test for the effect of their alignment (moderating effect) on
SCM performance and firm performance. These relationships are depicted in Model 2
Figure 6.1.2. The proposed structural model (for Model 1 and Model 2) is going to be
explained in section 6.1. In section 6.2, SEM results using PLS are presented, and
discussed in section 6.3. Finally, a revised model will be presented in section 6.4 to

discuss some new and alternative relationships for the unsupported hypotheses.
6.1 The Proposed Structural Model

In PLS, the strength of the relationship proposed earlier will be tested and
analyzed through the values of T-statistic, standardized path (Beta coefficient) and R”.
Statistical level of T-value indicates the significant level of a relationship. A
bootstrapping procedure is used to generate t-statistics. On the other hand, standardized
path (Beta coefficient) indicates the strength of the relationship. Finally, R* examines the
impact of independent variables on dependent variables (Chin, 1998a and Chin, 1998b).
PLS algorithm procedure using path weighting scheme technique is used to calculate both

the standardized coefficient (Beta coefficient) and R%.

In this research, two research models are proposed to test the 10 hypotheses

discussed in chapter 3, the two research models are described below.
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Model 1 (The alignment at the planning/strategic level):

The proposed structural model is depicted in Figure 6.1.1. In this model, the three
hypotheses (H1la, H1b, and Hlc) will be tested. This model will look at the three types of
SCM strategies (lean, agile, and hybrid) and tests how aligning (as moderator) these SCM
strategies with three types of IS strategies (IS for efficiency, flexibility, and
comprehensiveness) would enhance SCM performance and firm performance. In
particular, Hla will test how IS for efficiency will interact with (moderate) the
relationship between a lean supply chain and SCM performance to have better SCM
performance measured by supply chain integration. Similarly, Hlb will test the
moderating effect of IS for flexibility on the relationship between an agile supply chain
and supply chain flexibility. Finally, Hlc will test the moderating effect of IS for
comprehensiveness on the relationship between a hybrid supply chain strategy and
customer responsiveness. Testing the three hypotheses will address research question 1
which is stated earlier in Chapter 1 (Can the alignment at the planning/strategic level

(SCMS with ISS) have a positive impact on SCM performance and firm performance?)
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ISSE

Hla
LSC ’ > SCT
ISSF
H1lb
ASC v .| SCF » FP
ISSC
HSC Hic CR
Figure 6.1.1 Proposed structural model (model 1)
LSC: Lean Supply Chain ISSC: IS for Comprehensiveness
ASC: Agile Supply Chain SCI: Supply Chain Integration
HSC: Hybrid Supply chain SCF: Supply Chain Flexibility
ISSE: IS for Efficiency CR: Customer Responsiveness

ISSF: IS for Flexibility FP: Firm Performance

Model 2 (The alignment at the practice/operational level):

The proposed structural model is depicted in Figure 6.1.2. This model will test the
remaining seven hypotheses (H2a, H2b, H2c, H3a, H3b, H3c, and H4). Thus, this model
will look at six SCM practices and align them with the corresponding IT usage and test
their impact on SCM performance and firm performance. In particular, H2a will test how
the external usage of IT will interact with (moderate) the relationship between two SCM

practices (strategic supplier partnership and customer relationship), and SCM
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performance to have better SCM performance. H2b will test how the moderating effect of
internal usage of IT on the relationship between two SCM practices (lean practices and
postponement), and SCM performance to have better SCM performance. Finally, H2¢c
will test the moderating effect of IT infrastructure on the relationship between two SCM
practices (information quality and information sharing), and SCM performance to have
better SCM performance. In hypotheses (H2a, H2b, and H2c), SCM performance is
measured by the three performance measurements (SCI, SCF and CR) taken together at
the same time. By doing this, we will also measure the direct impact of SCM practices on
SCM performance which is captured by (H3a, H3b, and H3c). Finally, H4 will measure
how SCM performance impacts firm performance. The seven hypotheses should address
research question 2 from my introduction section (Can the alignment at the
practice/operational level (SCM practices with the usage of IT) have a positive impact on

SCM performance and firm performance?)
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Figure 6.1.2 Proposed structural model (model 2)

SSP: Strategic Supplier Partnership
CR: Customer Relationship

LSP: Lean System Practices

POS: Postponement

IS: Information Sharing

1Q: Information Quality

EIT: External Focus of IT

IIT: Internal Focus of IT

INFRA: Infrastructural Focus of IT
SCMP: Supply Chain Management Performance
FP: Firm Performance
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6.2 Structural Equation Model Results Using PLS

Figure 6.2.1 display the results (the t coefficient) of Model 1 resulting from the

structural equation modeling (SEM) using SMART PLS. Of the 3 Hypotheses (H1a, H1b,

and Hlc) proposed in Model 1, two of the hypotheses are significant (Hla, and Hlc),

whereas HIb is not significant. The detailed findings of the SEM for Model 1 are

presented in Table 6.2.1.
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Table 6.2.1 Initial PLS structural equation modeling results (model 1)

Hypothesis | Relationship | Type Beta- T-Coefficient | Significant
Coefficient

Hla LSC*ISSE | Moderation | .182 2.255 Yes

Hlb ASC*ISSF | Moderation | .169 1.221 No

Hlc HSC*ISSC | Moderation | .151 3.091 Yes

For Model 2, the (t coefficient) results from SEM are displayed in Figure 6.2.2.
Of the seven hypotheses proposed, six of them are significant and they are (H2a, H2c,
H3a, H3b, H3c, and H4). The other hypothesis (H2b) is not significant. The results of
SEM for Model 2 are presented in Table 6.2.2. The detailed discussion of each

hypothesis is provided in the next section (section 6.3).
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*Figure 6.2.2 Results of initial structural model (model 2)

*Note: The items for each construct were hidden for simplicity purposes only

Table 6.2.2 Initial PLS structural equation modeling results (model 2)

Hypothesis | Relationship | Type Beta-Coefficient | T-Coefficient | Significant
H2a SSP&CR*EIT | Moderation | 1.59 2.255 Yes

H2b LSP&POS*IIT | Moderation | .095 1.221 No

H2c IS&IQ*INFRA | Moderation | .131 3.091 Yes

H3a SSP&CR-SCP | Direct 135 3.315 Yes

H3b LSP&POS- Direct 123 3.855 Yes

SCP
H3c IS&IQ-SCP | Direct 129 3.804 Yes
H4 SCP-FP Direct 182 4.677 Yes
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6.3 Discussion of Structural Equation Model and Hypothesis Testing Results

From Model 1:

H1a: The impact of a lean supply chain on supply chain management performance
(as measured by supply chain integration) is positively moderated by IS for

efficiency

The result of this hypothesis is found to be significant (t coefficient = 2.255). The
R? of SCM performance (supply chain integration) = 0.356 indicates a good amount of
variance explained by the mode. This indicates that IS for efficiency moderates the
relationship between a lean supply chain and supply chain performance measured by
supply chain integration. Furthermore, the direct impact of a lean supply chain on supply
chain integration (direct relationship) is found to be significant (t coefficient = 5.012).
Also, the direct impact of supply chain integration on firm performance is significant (t

coefficient = 3.328). What does this mean?

This means that at the strategic planning level IS should support and enhance the
long-term objectives and goals of SCM. In particular, if a focal firm is planning to cut its
cost by creating the most cost efficiency in its supply chain (i.e. Wal-Mart), then the firm
should also plan and invest in IT to support and enable implementing its lean supply
chain (LSC) strategy. The fit (interaction) between these two strategies will result in
having better supply chain integration which helps the focal firm to reduce its cost and be
more efficient. In other words, acquiring specific IS applications that help firms manage,
coordinate, and improve production and information sharing will result in better

communication and coordination between firms and their suppliers. This alignment
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between LSC and ISS for efficiency will result in better supply chain integration which
could not only benefit the suppliers, but also help the firm to achieve its market and

financial goals.

H1b: The impact of an agile supply chain on supply chain management
performance (as measured by supply chain flexibility) is positively moderated by IS

for flexibility

The relationship for hypothesis 1b is found to be non significant (t coefficient =
1.2). The R? of supply chain flexibility is equal to 0.204. The result of this hypothesis
indicates that IS for flexibility does not moderate the relationship between an agile supply
chain (ASC) and supply chain performance measured by supply chain flexibility. The
findings suggest that for those firms, acquiring IS applications for flexibility does not
enhance the ability to execute its supply chain agility strategy, and therefore does not
help in improving the flexibility of its supply chain. This shows that firms may be lacking
the understanding of how to manage the applications that provide flexibility, in their
pursuit of supply chain flexibility. In other words, firms that acquire an IS application for
flexibility without understanding and analyzing whether this application truly fits the
requirements of their agility supply chain strategy or how to manage the implementation
of the application will not see the benefits of ASC - IS for flexibility alignment for their
supply chain performance. As a good example, when Nike acquired supply chain
software from 12 Technologies to help in its agility distribution strategy, Nike moved too
quickly into this new technology without analyzing, observing and monitoring the market
and without appropriately managing the adoption of the software. In the case of Nike,

they had a mismatch between the management and implementation of IS application and
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its supply chain agility strategy which resulted in a $100 million loss in their revenue
(Smith, 2001, McLaren et al., 2004, Sabherwal and Chan, 2001). An alternative

relationship will be discussed later in section 6.4.

Hlc: The impact of a hybrid supply chain on supply chain management
performance (as measured by customer responsiveness) is positively moderated by

IS for comprehensiveness

The relationship for hypothesis 1c is found to be significant (t coefficient = 3.091)
and R?= 0.08. The result of this hypothesis indicates that IS for comprehensiveness
moderates the relationship between a hybrid supply chain (HSC) and supply chain

performance measured by customer responsiveness.

The result suggests that having an ISS that enables comprehensive decisions and
quick responses will positively interact with the supply chain strategy that emphasizes
achieving mass customization and responsiveness; this interaction will result in better
customer satisfaction. Achieving mass customization which is based on assemble-to-
order strategy and which also can be achieved by producing a modular design requires
responsiveness in understanding and monitoring the market to seek any opportunity to
introduce new products. At the strategic level therefore, planning for IS to support
comprehensive and quick decisions will enhance the ability of the focal firm to execute a
hybrid (assemble-to-order) strategy, and will result in better understanding of customer
requirements. This would lead firms to maximize any opportunities they are seeking for

market and financial growth.

153



The statistical results shows that ISS for comprehensiveness moderates the
relationship between a hybrid supply chain strategy (HSC) and customer responsiveness
(CR), even though the direct impact of HSC on CR is not significant (t coefficient

=0.712).

From Model 2:

H2a: The impact of strategic supplier partnerships and customer relationships on

SCM performance is positively moderated by external focus of IT

The result of this hypothesis is found to be significant (t coefficient = 3.637). This
indicates that for a focal firm, utilizing IT externally to formulate and improve the
planning processes of building long term relationships with suppliers and customers will
enable faster response from suppliers, better understanding of customer needs, and better
integration of activities between the focal firm, its suppliers, and its customers. A good
example of this is when Wal-Mart used satellite communication systems to send point-of-
sale (POS) data to all its vendors so that they could have a clear picture of all the sales in
all of Wal-Mart stores; by sharing this information, suppliers can ship products more
quickly to Wal-Mart which reduces the need for safety stock and cuts its cost. This means
that utilizing IT externally to support and enhance the supply chain practices of strategic
supplier partnerships and customer relationships will result in better SCM performance
and firm performance. Furthermore, the direct impact of strategic supplier partnerships
and customer relationships (direct relationship) on SCM performance is found to be

significant (t coefficient = 3.315) which is going to be discussed later in hypothesis 3a.
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H2b: The impact of internal lean practices and postponement on SCM performance

is positively moderated by internal focus of IT

The relationship for hypothesis 2b is found to be non-significant (t coefficient =
0.862). This indicates that utilizing IT internally does not moderate the relationship
between internal lean practices and postponement, and SCM performance. The findings
suggest that for those firms, using IT internally does not enhance the ability of the supply
chain to eliminate waste and implement postponement practices, and therefore does not
help in improving the supply chain performance. However, eliminating waste and
implementing postponement strategy will improve the overall performance of the supply
chain (the direct relationship is found to be significant; t=3.855). This will be discussed

later in hypothesis 3b.

One reason why utilizing IT internally does not moderate the relationship between
internal lean practices and postponement, and SCM performance is that the amount of
information processing and communication between the firm and suppliers, and among
suppliers must match the level of IT used to improve internal processes such as
eliminating waste and increasing mass customization (that are associated with lean and
postponement respectively). Thus, internal IT utilization alone may not be sufficient in
positively moderating the effect of lean practices and postponement on SCM
performance, but that more complete integration of resources and collaboration across the
supply chain may be required. This is not really easy to achieve. This could explain why
using IT internally does not enable the execution of those practices and therefore the
interaction (moderating alignment) does not help in improving the supply chain
performance and firm performance.
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H2c¢c: The impact of information sharing and information quality on SCM

performance is positively moderated by infrastructural focus of I'T

The result of this hypothesis is found to be significant (t coefficient = 2.029). This
indicates that IT infrastructure will enhance the ability of organizations to share quality
information in its supply chain. Having the right IT infrastructure to share information
enables the supply chain to have access to any data which allows firms to better
collaborate with other supply chain partners and respond more quickly to customers’
demands. In other words, if the systems’ capabilities in focal firms are compatible with
the type of information they need to share with their suppliers, then this will facilitate
information sharing and data communication among members of the supply chain. As a
result, this will increase the ability of supply chains to react quickly and effectively to
sudden changes in the market, and therefore respond faster to customers’ requirements
which will benefit not only the supply chain, but also the firm as well. Additionally, the
direct impact of information sharing and information quality (direct relationship) on SCM
performance is found to be significant (t coefficient = 3.804) which is going to be

discussed later in H3c.

H3. SCM practices are positively associated with SCM performance

H3a: Strategic supplier partnerships and customer responsiveness are positively

associated with SCM performance.

H3b: Internal lean practices and postponement are positively associated with

SCM performance.
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H3c: Information sharing and information quality are positively associated with

SCM performance.

The result of the hypotheses (H3a, H3b, H3c) are found to be significant (t
coefficient = 3.315, 3.885, and 3.804) respectively. The R* of 0.547 shows a good
amount of variance explained by the mode. The results of these hypotheses confirm the
empirical conclusions and theoretical justifications found by other researches (Shin et al.,
2000; Narasimhan and Jayaram 1998; Tan et al., 1998) which suggest that well managed
supply chain practices lead to better SCM performance. In other words, forming
partnerships with other suppliers and managing interactions with customers could benefit
the focal firm to reduce its level of inventory (cost savings) and better serve its
customers. Also, sharing quality information about inventory levels, orders, production,
and delivery status through the supply chain will enable the focal firm to react quickly to
changes in customers’ demand. Finally, elimination of waste and non-value activities in

the supply chain will enable the focal firm to operate with more efficiency.
H4. SCM performance is positively associated with firm performance

The result of this hypothesis is found to be significant (t coefficient = 4.667 and
R” = 0.33). Numerous studies have shown that well managed and well executed SCM
practices will directly improve firm performance (Shin et al., 2000; Prasad and Tata,
2000; Tan et al., 1998; Tan, 2002). Since SCM practices lead to better SCM performance
(H3), we can conclude that a better SCM performance will result in a better firm
performance. So, for instance, if the supply chain is able to respond effectively and react

quickly to changes in the market, then the firm will benefit from this by improving its
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competitive advantage through price, quality, and delivery (Li et al., 2006) which enables

the firm to achieve its market and financial goals.

6.4 Revised Structural Model

The non-significant relationships for the two hypotheses (H1b in model 1, and
H2b in model 2) will be re-analyzed and discussed through a revised structural model.
The revised model will contain only the two hypotheses (H1b, and H2b) that were not
significant with a mediating relationship instead of moderating relationship. This
mediating relationship will capture the concept of alignment “fit” at the strategic and

operation levels.

Venkatraman (1989b) identifies six perspectives of fit as mentioned earlier in
section 3.2, chapter 3. One of the six types of alignment is fit as mediation. According to
Venkatraman (1989b), fit as mediation is simply viewed as direct vs. indirect effect of
variables. In other words, the fit as mediation between two variables (SCM strategy and
SCM performance) is determined by their direct relationship as well as through the
indirect effect of a third variable (ISS). This implies that if the presence of the ISS is
necessary to influence the effect of SCM strategy on SCM performance, then ISS is
called a complete mediator. However, if the direct relationship between SCM strategy
and SCM performance exists and an indirect effect of ISS between SCM strategy and
SCM performance also exists, then ISS is considered as a partial mediator. This means
that at the strategic level, the alignment will exist if 1) a firm acquired an IS application
(e.g. IS for flexibility) to support the objective of the ASC to have better SCM

performance and subsequent to this acquisition, the ACS strategy would not have any
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direct effect on performance. Or 2) if a firm acquired an IS application (IS for flexibility)
to support the objective of the ASC to have better SCM performance and subsequent to
this acquisition, the ACS strategy would still have direct effect, as well as an indirect
effect mediated by the ISS, on performance. This conceptualization is somewhat different

from the moderating alignment concept.

Mediating alignment at the strategic level will be captured by the revised Model
1.1. The same concept will be applied at the operational level, with the alignment
between SCM practices (internal lean practices and postponement) and internal usage of

IT and on SCM performance. This is going to be captured by the revised Model 2.1.

Revised Model 1.1 (The alignment at the planning/strategic level):

The proposed structural model is depicted in Figure 6.4.1. In this model, only the
revised hypothesis Hlb will be tested. HIb will test the mediating effect of IS for

flexibility between ASC and supply chain flexibility.

Revised Hla: The impact of a lean supply chain on supply chain management

performance (as measured by supply chain integration) is positively mediated by IS for

efficiency.

Revised H1b: The impact of an agile supply chain on supply chain management

performance (as measured by supply chain flexibility) is positively mediated by IS for

flexibility.
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Revised Hlc: The impact of a hybrid supply chain on supply chain management

performance (as measured by customer responsiveness) is positively mediated by IS for

comprehensiveness.
ISSE N\ Rev.H1a
LSC SCI
ISSF
Rev.H1b
ASC [scr ) FP

/ ISSC \w‘

HSC R

Figure 6.4.1 Revised proposed structural model (model 1.1)

LSC: Lean Supply Chain SCI: Supply Chain Integration
ASC: Agile Supply Chain SCF: Supply Chain Flexibility
HSC: Hybrid Supply Chain CR: Customer Responsiveness
ISSE: IS for Efficiency FP: Firm Performance

ISSF: IS for Flexibility
ISSC: IS for Comprehensiveness
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Revised Model 2.1 (The alignment at the practice/operational level):

Similar to Figure 6.4.1., the proposed structural model is depicted in Figure 6.4.2
will test the revised hypothesis H2b with a mediating, instead of moderating, relationship.
Hypotheses (H3a, H3b, H3c, and H4) will have the same hypotheses as stated in chapter
3. Only the revised H2b will be discussed in this section. H2b will test the mediating
effect of the internal use of IT on the relation between internal lean practices and

postponement on SCM performance.

Revised H2a: The impact of strategic supplier partnerships and customer relationships

on SCM performance is positively mediated by an external focus of IT.

Revised H2b: The impact of internal lean practices and postponement on SCM

performance is positively mediated by an internal focus of IT.

Revised H2c: The impact of information sharing and information quality on SCM

performance is positively mediated by an infrastructural focus of IT.
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Figure 6.4.2 Revised proposed structural model (model 2.1)

SSP: Strategic Supplier Partnership
CR: Customer Relationship

LSP: Lean System Practices

POS: Postponement

IS: Information Sharing

1Q: Information Quality

EIT: External Focus of IT

IIT: Internal Focus of IT

INFRA: Infrastructural Focus of IT
SCMP: Supply Chain Management Performance
FP: Firm Performance
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6.5 Discussion of Revised Structural Equation Model and Hypothesis Testing

Results

Revised Model 1.1:

Revised H1b: The impact of an agile supply chain on supply chain management
performance (as measured by supply chain flexibility) is positively mediated by IS

for flexibility

Figure 6.5.1 indicates that the relationship for the revised H1b is found to be
significant (t coefficient = 7.008). The R* of supply chain flexibility is equal to 0.189.
The result of this hypothesis indicates that IS for flexibility partially mediates the
relationship between ASC and SCM performance measured by supply chain flexibility.
The findings suggest that acquiring IS applications for flexibility introduces an indirect
effect between ASC and supply chain flexibility, through IS for flexibility. This means
that IS for flexibility is a partial mediator for the relationship between ASC and Supply
Chain flexibility. That is, acquiring IS for flexibility enhances the ability of the focal firm
with an agile supply chain to sense any changes in the market which allows it to react
quickly to those changes, increasing supply chain flexibility. However, there is also a
direct effect from ASC to supply chain flexibility, indicating that even without acquiring
applications that enhance flexibility there is some measure of supply chain flexibility that
is possible from ASC. Thus, acquiring an ISS for flexibility in a focal firm will indirectly
support agility by enhancing the supply chain’s ability to sense and respond quickly and

effectively to changes in the market (Overby et al., 2006).
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*Figure 6.5.1 Results of revised structural model (model 1.1)

* Note: The items for each construct were hidden for simplicity purposes only

Revised Model 2.1:

Revised H2b: The impact of internal lean practices and postponement on SCM

performance is positively mediated by an internal focus of IT

The results of the revised structural model (Model 2.1) are depicted in Figure
6.5.2. The result of revised H2b is found to be significant (t coefficient = 3.123). The R*
of SCM performance = 0.458 indicates a good amount of variance explained by the

mode.
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LSP&POS

*Figure 6.5.2 Results of revised structural model (model 2.1)

* Note: The items for each construct were hidden for simplicity purposes only

The result of this hypothesis indicates that using IT internally fully mediates the
relationship between lean and postponement practices and SCM performance. In other
words, using IT internally is necessary to execute lean and postponement practices.
Bruun and Mefford (2004) argue that internal IT usage facilitates and allows lean
production concepts to be more fully applied. They provided a case study to demonstrate
how using IT can help in executing postponement and JIT practices. For instance, Dell
allows its customers to place an order and customize their PCs electronically. Once an

order is placed, Dell will transmit this order for the appropriate facility to start the
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production. The suppliers will access this information, adjust their production schedules,
and plan ahead for the component needed for production. Sharing this information with
suppliers will allow the focal firm to be more responsive to customers’ demand. This
clearly shows that for a focal firm, using IT internally increases the internal efficiency of
the firm through internal integration with their suppliers and customers. This internal
integration is essential to improve internal process i.e. enables the execution of lean and
postponement practices which results in better SCM and firm performances. Ilebrand et
al. (2010) provided an example of a bank to demonstrate the importance of using IT
internally to enable lean execution. They argue that poor IT integration and fragmented
oversight of IT in the bank meant manual entries, overlapping requirements, and high
volumes of paperwork. Poor IT integration resulted in higher costs for the bank, and
frustrated potential customers, which resulted in failure of the lean program they

implemented.

6.6 Summary of Results

Overall, the results indicate that at a strategic level, aligning SCM strategy with
an ISS strategy will result in a better SCM performance and firm performance. At the
operational level, aligning SCM practices with the usage of IT will improve SCM
performance and firm performance. According to the SEM results, six of the eight
hypotheses were supported using the concept of moderating alignment (interaction) at the
strategic and operational level. The two unsupported hypotheses were tested using
mediating alignment (direct vs. indirect). The results suggest that at the strategic level
(through an indirect relationship), aligning SCM strategies with ISS enhances their

effectiveness and results in a superior supply chain and firm performance. At the
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operational level (through an indirect relationship), aligning SCM practices with
corresponding IT usages enhances the success of those practices and their effect on
supply chain and firm performance. The following chapter (Chapter 7) concludes with
the interpretations of the research findings and major contributions, managerial

implications, limitations of the research, and recommendations for future research.
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Chapter 7

Summary and Recommendations for Future Research

This chapter provides (1) summary and interpretation of the research findings and
major contributions, (2) implications for practitioners, (3) limitations of the research, and

finally (4) recommendations for future research.
7.1 Summary and Interpretation of Findings

Many organizations believe that effective SCM is the key to building and
sustaining competitive advantage in the market. To effectively manage their supply
chains, organizations need to adopt appropriate SCM strategies and practices. The
research shows that in order to do so, there is a need to integrate IS into the supply chain.
This integration should be done by matching IS applications that support and enhance a
given SCM strategy (the alignment at the planning/strategic level), and also by
corresponding use of appropriate IT with particular SCM practices (the alignment at the

practice/operational level).

This research is one of the first large-scale empirical studies to explore the
moderating alignment at two levels between SCM and IS, and the impact of this
alignment on supply chain performance and firm performance. First, the research looks at

different SCM strategies and assesses appropriately-aligned information strategies that
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would enhance their effectiveness by positively influencing SCM performance and firm
performance. Second, it looks at SCM practices and identifies corresponding IS usage
that enhances the execution of those SCM practices positively, and thus improves SCM
performance and firm performance. Based on the data collected from 205 supply chain
managers/directors and purchasing managers/directors, the research hypotheses are tested
using the structural equation modeling methodology. The result of this study contributes

to our knowledge of SCM and IS in many ways.

First, this research provides a theoretical framework for a contingency-based
approach for understanding how the alignment between supply chain strategies and IS
strategies impacts SCM performance and firm performance, and how alignment between
SCM practices and usage of IT impacts SCM performance and firm performance. We
used the moderating and mediating definitions of alignment. This research framework
provides a foundation for future research to test this model with different types of

alignments such as fit as gestalts, fit as profile deviation, and fit as covariation.

Second, this research makes a contribution in the IS domain as well as the SCM
domain. In the IS domain, this research looks at specific ways in which IS can support
and enhance supply chains by understanding specific alignments at the strategic and
usage levels, thus extending the IT alignment literature. In the SCM domain, this research
demonstrates that 1) SCM strategies require corresponding IS strategies to be effective,
and 2) that in order for SCM practices to be effectively executed, they require the

presence of appropriate IT usage.
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Third, the research develops and validates reliable measures for the following
constructs: (1) supply chain management strategy (SCMS), (2) information systems
strategy (ISS), (3) information technology (IT) utilization, (4) the alignment between
SCMS and ISS, and (5) the alignment between SCM practices and the usage of IT. All
measurements have been tested through a rigorous statistical process, which included a
pilot test, factor analysis (construct and dimensional levels analysis), reliability,
convergent validity, and discriminant validity. This will allow researchers to use and

build on these measurements in their future research.

Fourth, the results from the structural model indicate several important
relationships at the strategic level. The outcome of this study suggests that aligning SCM
strategy with ISS strategy will result in better SCM performance and firm performance.
This means that IS should support and enhance the long-term objectives and goals of
SCM; this will result in superior supply chain performance and firm performance. In
other words, if the organization’s goal is to cut its cost through a cross-docking strategy,
for example, then the SCM strategy should be derived from its organizational strategy
and help the organization achieve its goal. At the same time, the organization should
acquire an IT application (e.g., electronic data interchange (EDI)) which reduces
information lead times between the focal firm and its suppliers. Thus, this application
will also reduce the time it takes to produce and ship the items to the stores; as a result
the ISS enhances the organization’s ability and its supply chain’s ability to achieve its
goals. Having these three strategies aligned together will result in better supply
integration and better firm performance (the results of Hla). On the other hand, if the

organization implements an assemble-to-order strategy, then this requires a supply chain
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that holds components in a generic form (parts ready in stocks) to delay the point of
product differentiation, then responds quickly by having the final assembly of products
completed once customer orders have been received. In order to do so, the organization
should acquire certain supply chain applications (i.e., application of strategic information
systems planning (SISP)) that enables them to implement this type of strategy. Aligning
those strategies will enable organizations to achieve mass customization and therefore
respond faster to customer needs (the results of Hlc). Finally, if the organization’s
strategy is to respond faster to its customers, then the supply chain strategy should focus
on being flexible and enable it to respond quickly and effectively to the organization’s
requirements. As shown by the revised mediating hypothesis (revised HI1b),
acquiring/developing an appropriate supply chain application (i.e., i2e technologies) for
this type of strategy will indirectly support the agility strategy adopted by the supply
chain, which enables the supply chain to meet specific requirements and respond faster to

changes in customers’ demand.

Fifth, the results from the structural model indicate several important relationships
at the operational level. The outcome of this study suggests that aligning SCM practices
with the usage of IT will improve SCM performance and firm performance. In other
words, this study looks at different SCM practices and identifies corresponding IS usage
practices that enhance the success of those SCM practices. For instance, if the
organization wants to build a strategic partnership with its suppliers and wants to have a
better customer relationship, then certain supply chain software (e.g. Customer
Relationship Management (CRM) software) needs to be used to enable the organization

to interact with its partners and customers (this is the results of H2a). In other words,
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using the right application for the right practice will result in a superior SCM
performance and firm performance. On the other hand, if the organization wants to share
quality information with its suppliers, then the organization must have the right
infrastructure (platforms, networks, and databases) that is compatible with the type of
software its suppliers are using, and compatible with the type of information they are
exchanging. This will allow for a smooth flow/transaction of information between the
organization and its suppliers (the results of H2c). Finally, in the case of lean and
postponement practices, organizations must use the appropriate supply chain application
to execute lean and postponement practices, without which the ability to increase supply

chain benefits would be limited (the results of revised H2b).

7.2 Implications for Practitioners

The results of this study have several important implications for practitioners.
First, since effective supply management has become the way organizations improve
performance (since competition is no longer between organizations but among suppliers),
many organizations are increasingly adapting SCM strategies and practices in order to
sustain their competitive advantage in the market. The findings of this research reveal to
practitioners 1) the importance of adapting an IS strategy in their organizations that
matches their SCM strategy and 2) using the appropriate IT applications that match with
their SCM practices. This will have an impact on improving their performances. As
shown by the particular cases of external use of IT (in the case of practice-level
alignment) and IS for agility and comprehensives (in the case of strategy-level

alignment), managers should take into consideration the types of IT applications their
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suppliers are using when making decisions on what applications they need to acquire and

use in their organizations

Second, the findings of this study help managers position, structure, and utilize
their IS applications in line with SCM strategies and practices. The results of this study
are expected to be useful for strategic decision making, especially with regards to

investment decisions concerning acquisition and use of IT in supply chains.

Third, organizations striving to implement lean and postponement practices must
achieve a corresponding use of IT to improve their internal processes, without which
these practices may not yield the desired benefits (the result revised hypothesis H2b). The
difference between lean and postponement practices and the other SCM practices
(strategic practices with suppliers and customers, and sharing quality information) is that,
using the appropriate IT application is not essential, but will enhance their ability to
execute those practices and improve their performances. However, in the case of lean and
postponement practices, it is necessary to use the appropriate IT applications to yield

supply chain benefits from these practices.

7.3 Limitations of the Research

Even though this research makes several academic and practitioner contributions,

there are several limitations that need to be addressed.

First, this study is done at the firm level with one person from each organization
responding to the survey. A single respondent was asked complex questions about SCM

issues dealing with strategy, applications, and practices. Although the respondent was a
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senior purchasing manager/ director, or supply chain manager/director, no one person in

an organization is in charge of the entire supply chain.

Second, some of the questions deal with IS strategy and utilizing IT in the supply
chain. Some of the respondents may not have been in an appropriate position to answer
these IS-related questions; since the main area of manufacturing is production, they may
not have enough knowledge of their suppliers IS strategy and the IT applications that they

use to answer these questions accurately.

Third, the research design and method employed may constrain the results found
and the implications of this research. Thus, a sample size with 205 responses may not be
sufficient to handle a complex model that consists of both strategic and operational

levels.

7.4 Recommendations for Future Research

Future research should apply multiple methods to test this model using different
types of alignment. For example, the alignment can be tested with different perspectives
such as fit as gestalts, fit as profile deviation, and fit as covariation. By doing that, we can
see if the results will hold to generalize that the concept of alignment is important and

will improve performances.

Future research should try to see if there is a relation between SCM strategy and
SCM practices. It would be a good idea to see if the alignment between strategy and
practices will have an impact on performance. For example future research could, 1)
explore the alignment between lean supply chain and strategic supplier partnership and
customer relationship practices and its impact on performance; 2) explore the alignment
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between agile supply chain and lean and postponement practices in the supply chain and
its impact on performance; 3) and finally, explore the alignment between hybrid supply
chains and information sharing and information quality practices in the supply chain, and

their impact on performance.

The result of this study is expected to help managers to anticipate certain
alignment patterns required to have better outcomes in certain industries. For instance,
lean-efficiency alignment is better suited in a general retail industry e.g. Wal-Mart, and
Costco. However, an agile-flexibility alignment is expected to be needed in a high
fashion, retail industry such as Zara. Finally, a hybrid-comprehensiveness alignment is
expected to be needed in a mass market industry like the car industry. With regards to the
practice-usage level, partnerships and customer relationships-external alignment is best-
suited to the consumer goods industry e.g. Procter and Gamble, while lean and
postponement-internal alignment is better suited in a computer manufacturing company
such as Dell and HP. Finally, information sharing and quality information-infrastructure
is expected to be found in high-tech industries. However, to the best of our knowledge,
there is no research that investigates why these patterns can be expected. Therefore,

future research should investigate 1) if these patterns really exist; and if so 2) why.

Future research should revalidate the measurement scales developed in this study,
especially for the alignment constructs by choosing respondents from different fields
such as IS functional managers and IS users; this validation will confirm the instrument
proposed in this research and create generalizability for those instruments. Use of
multiple respondents i.e. in SC and IS fields will help in increasing the generalizability of

the results.
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There are many other supply chain practices such as outsourcing, reduced cycle
times, purchasing, quality, logistics, JIT, cross functional team, etc..., and many other
performance measures such as customer service, inventory level, service level,
throughput efficiency, suppliers’ performance, time, assets, information and material
flow integration, and delivery performance, to name a few, that are important and were
not considered in this study. Therefore, there is an opportunity for researchers to test the
same model with different supply chain practices and different performance measures,

and perhaps test the same model using other SEM techniques such as LISREL or AMOS.

Future research can also expand on the current theoretical framework by
integrating new constructs and expanding it to take a global perspective. For example, it
would be interesting to test this model from the perspective of a global supply chain.
Global supply chains are more complex in that they have to deal with suppliers and
customers from different geographical regions that vary in terms of infrastructure, market
demands, supplier sophistication, and IT sophistication. Aligning SC strategies and
practices with corresponding IS strategies and IT usage is thus expected to present greater

challenges that would require additional theoretical and empirical examination.
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Appendix A

Measurement Items Entering First Q-Sort Analysis

SCM STRATEGY
Lean Supply Chain

Our suppliers help us to reduce our costs by delivering what we need.

Our suppliers help us to reduce our costs by delivering when we need.

Our suppliers help us to reduce our costs by delivering into the production line (and not at
a receiving dock).

Our suppliers help us to reduce our costs by delivering frequently as per our
requirements.

Our suppliers help us to reduce our costs by adopting quality practices as per our
requirements.

Our suppliers help us to reduce our costs by managing their quality as per our
requirements.

Our suppliers help us to reduce our costs by inspecting their products frequently as per
our requirements.

Agile Supply Chain
Our suppliers help us to be responsive and flexible by reducing lead-times.

Our suppliers help us to be responsive and flexible by reducing product development
cycle times.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of cost.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of volume.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of delivery time.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of design.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of customization.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of cost.
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Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of volume.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of delivery time.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of design.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of customization.

Hybrid Supply Chain

Our suppliers help us to achieve assemble-to-order strategy by customizing our products
by adding feature modules as requested by us.

Our suppliers help us to achieve assemble-to-order strategy by responding to
customization requirements quickly.

Our suppliers help us to achieve assemble-to-order strategy by producing modular
products as requested by us.

Our suppliers help us to achieve assemble-to-order strategy by delaying the product final
assembly until we place an order.

Our suppliers help us to achieve assemble-to-order strategy by changing the design of the
product as requested by us.

IS STRATEGY

The applications we acquire help us to improve the efficiency of our supplier operations.
The applications we acquire help us to facilitate negotiation with our suppliers.

The applications we acquire help us to monitor performance of our suppliers.

The applications we acquire help us to manage inventory between our suppliers and us.
The applications we acquire help us to manage material requirement planning of our
facility.

The applications we acquire help us to manage production control between our suppliers
and us.

The applications we acquire help us to coordinate (production and information) across
suppliers and product lines.

The applications we acquire help us to introduce new product and/or service in our
markets.

The applications we acquire help us to share information within our firm.

The applications we acquire help us to share information with our suppliers.

The applications we acquire help us to monitor changes in our market condition.
The applications we acquire help us to respond to changes in the market.
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The applications we acquire help us to model possible future outcomes and identify
alternative courses of action.
The applications we acquire help us to change the design of the product.

The applications we acquire help us to interact with customer.

The applications we acquire help us to interact with suppliers.

The applications we acquire help us to provide sufficient detailed information to support
careful decision making.

The applications we acquire help us to provide detail analysis of major supplier’s
decision.

The applications we acquire help us to provide support for decision making.

The applications we acquire help us to adopt a rather conservative view when making
major decisions.

ALIGNMENT BETWEEN SUPPLY CHAIN MANAGEMENT STRATEGY
AND IS STRATEGY

The applications we have enhance the ability to deliver frequently.

The applications we have enhance the ability to deliver what we need.

The applications we have enhance the ability to deliver when we need.

The applications we have enhance the ability to deliver into the production line (and not
at a receiving dock).

The applications we have enhance the ability to adopt quality practices.

The applications we have enhance the ability to manage quality.

The applications we have enhance the ability to inspect products frequently.

The applications we have enhance the ability to reduce lead-times.

The applications we have enhance the ability to reduce product development cycle times.
The applications we have enhance the ability to respond quickly to our changing
requirements of cost.

The applications we have enhance the ability to respond quickly to our changing
requirements of volume.

The applications we have enhance the ability to respond quickly to our changing
requirements of delivery time

The applications we have enhance the ability to respond quickly to our changing
requirements of design.

The applications we have enhance the ability to respond quickly to our changing
requirements of customization.

The applications we have enhance the ability to respond effectively to our changing
requirements of cost.

The applications we have enhance the ability to respond effectively to our changing
requirements of volume.
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The applications we have enhance the ability to respond effectively to our changing
requirements of delivery time. The applications we have enhance the ability to respond
effectively to our changing requirements of design.

The applications we have enhance the ability to respond effectively to our changing
requirements of customization.

The applications we have enhance the ability to customize our products by adding feature
modules as requested.

The applications we have enhance the ability to produce modular products.

The applications we have enhance the ability to respond to customization requirements
quickly.

The applications we have enhance the ability to delay the product final assembly until
customers make an order

The applications we have enhance the ability to change the design of the product.

IT UTILIZATION
External Focus of IT

In our firm, we use IT for selecting suppliers.

In our firm, we use IT for solving problems jointly with our suppliers.

In our firm, we use IT for helping our suppliers to improve their product quality.

In our firm, we use IT for building continuous improvement programs that include our
key suppliers.

In our firm, we use IT for including our key suppliers in our planning and goal-setting
activities.

In our firm, we use IT for interacting with customers to set reliability, responsiveness,
and other standards for us.

In our firm, we use IT for measuring and evaluating customer satisfaction.

In our firm, we use IT for determining customer feedback about our products/services.
In our firm, we use IT for facilitating customers’ ability to seek assistance from us.

In our firm, we use IT for facilitating customer service activities.

In our firm, we use IT for monitoring supplier performance

In our firm, we use IT for order placing and purchasing

In our firm, we use IT for communicating product specifications

Internal Focus of IT

In our firm, we use IT for reducing manufacturing set-up time.

In our firm, we use IT for building and maintaining continuous quality improvement
program.

In our firm, we use IT for using a "Pull" production system.

In our firm, we use IT for demand forecasting.

In our firm, we use IT for designing products for modular assembly.
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In our firm, we use IT for delaying final product assembly activities until customer orders
have actually been received.

In our firm, we use IT for delaying final product assembly activities until the last position
(or nearest to customers) in the supply chain.

In our firm, we use IT for storing our parts/products at appropriate distribution points
close to the customer

Infrastructural Focus of IT

In our firm, we use IT for informing trading partners in advance of changing needs.

In our firm, we use IT for sharing proprietary information with our trading partners.

In our firm, we use IT for sharing business knowledge of core business processes with
our trading partners.

In our firm, we use IT for sharing our proprietary information with our trading partners
In our firm, we use IT for exchanging timely information between our trading partners
and us.

In our firm, we use IT for exchanging accurate information between our trading partners
and us.

In our firm, we use IT for exchanging complete information between our trading partners
and us.

In our firm, we use IT for exchanging adequate information between our trading partners
and us.

In our firm, we use IT for exchanging reliable information between our trading partners
and us.

ALIGNMENT BETWEEN SUPPLY CHAIN MANAGEMENT PRACTICES AND
USAGE OF IT

The Information Technology (IT) we use in our supply chain activities (purchasing, order taking,
inventory management etc.) enhances our ability to select suppliers based on their quality.

The Information Technology (IT) we use in our supply chain activities (purchasing, order taking,
inventory management etc.) enhances our ability to solve problems jointly with our suppliers.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to build continuous improvement
programs that include our key suppliers.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Include our key suppliers in
our planning and goal-setting activities.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to interact with customers to set
reliability, responsiveness, and other standards for us.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to measure and evaluate customer
satisfaction.
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The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to determine future customer
expectations.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to facilitate customers’ ability to
seek assistance from us.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to periodically evaluate the
importance of our relationship with our customers.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to inform our trading partners in
advance of changing needs.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to share proprietary information
of our trading partners with us.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to share business knowledge of
core business processes with our trading partners.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to share our proprietary
information with our trading partners .

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a timely manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a accurate manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a complete manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a adequate manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a reliable manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Reduce manufacturing set-up
time.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Build and maintain continuous
quality improvement program.
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The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Use a "Pull" production
system.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Push suppliers for shorter lead-
times.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Design products for modular
assembly.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Delay final product assembly
activities until customer orders have actually been received.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Delay final product assembly
activities until the last possible position (or nearest to customers) in the supply chain.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to Store our parts/products at
appropriate distribution points close to the customer.
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Appendix B

Cohen’s Kappa and Moore and Benbasat Coefficient

The Q-sort method is an iterative process in which the degree of agreement
between judges forms the basis of assessing construct validity and improving the
reliability of the constructs. The Q-sort method was devised by Nahm et al. (2002) as a
method of assessing reliability and construct validity of questionnaire items that are
generated for survey research. This method is applied as a pilot study, which comes after
the pre-test and before administering the questionnaire items as a survey (Nahm et al.,
2002). The method is simple, cost efficient and accurate and provides sufficient insight
into potential problem areas in the questionnaire items that are being tested. The method
consists of two stages. In the first stage, two judges are requested to sort the questionnaire
items according to different constructs, based on which the inter-judge agreement is
measured. In the second stage, questionnaire items that were identified as being too
ambiguous, as a result of the first stage, are reworded or deleted, in an effort to improve
the agreement between the judges. The process is carried out repeatedly until a
satisfactory level of agreement is reached.

The following example describes the theoretical basis for the Q-sort method and
the two evaluation indices to measure inter-judge agreement level: Cohen’s Kappa
(Cohen, 1960) and Moore and Benbasat’s ,,Hit Ratio” (Moore and Benbasat, 1991). Let
us assume that two judges independently classified a set of N components as either
acceptable or rejectable. After the work was finished the following table was constructed:

Judge |
Acceptable Rejectable Totals
Acceptable Xn X1z X
Judge 2 .
Rejectable Xy X X
Totals X4 X N
Xij = the number of components in the i" row and j* column, for i,j = 1,2.

The above table can also be constructed using percentages by dividing each

numerical entry by N. For the population of components, the table will look like:
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Judge |
Acceptable Rejectable Totals
Acceptable P P P
Judge 2 : P 1l 12 1+
Rejectable Ps Psy P,
Totals Py P, 100

Pij = the percentage of components in the i™ row and j”‘ column.

We will use this table of percentages to describe the Cohen’s Kappa coefficient of
agreement. The simplest measure of agreement is the proportion of components that were
classified the same by both judges, i.e., i Pii = P11 + P22. However, Cohen suggested
comparing the actual agreement, Xi Pii, with the chance of agreement that would occur if
the row and columns are independent, i.e., i Pi+P+i. The difference between the actual
and chance agreements, Xi Pii - i Pi+P+i, is the percent agreement above that which is
due to chance. This difference can be standardized by dividing it by its maximum
possible value, i.e., 100% - Xi Pi + P+I =1 - Xi Pi +P+i. The ratio of these is denoted by
the Greek letter kappa and is referred to as Cohen’s kappa.

k= 3 Pi-Zi Piu Pui)
J-Zi(Pi«LPH)

Thus, Cohen’s Kappa is a measure of agreement that can be interpreted as the
proportion of joint judgment in which there is agreement after chance agreement is
excluded. The three basic assumptions for this agreement coefficient are: 1) the units are
independent, 2) the categories of the nominal scale are independents, mutually exclusive,
and 3) the judges operate independently. For any problem in nominal scale agreement
between two judges, there are only two relevant quantities:

po= the proportion of units in which the judges agreed
pc= the proportion of units for which agreement is expected by chance

Like a correlation coefficient, k=1 for complete agreement between the two
judges. If the observed agreement is greater than or equal to chance K <= 0. The
minimum value of k occurs when XPii =0, i.e.

'Ei( Pi+P+i)

min(k)=
]'Zi(PH-P-H)

When sampling from a population where only the total N is fixed, the maximum
likelihood estimate of k is achieved by substituting the sample proportions for those of
the population. The formula for calculating the sample kappa (k) is:

b NiXii-S( X X
NE‘EI(XH-XM)
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For kappa, no general agreement exists with respect to required scores. However,
recent studies have considered scores greater than 0.65 to be acceptable (e.g. Vessey,
1984; Jarvenpaa 1989; Solis-Galvan, 1998). Landis and Koch (1977) have provided a
more detailed guideline to interpret kappa by associating different values of this index to
the degree of agreement beyond chance. The following guideline is suggested:

Value of Kappa Degree of Agreement Beyond Chance
76-1.00 Excellent

40-.75 Fair to Good (Moderate)

39 or less Poor

A second overall measure of both the reliability of the classification scheme and
the validity of the items was developed by Moore and Benbasat (1991). The method
required analysis of how many items were placed by the panel of judges for each round
within the target construct. In other words, because each item was included in the pool
explicitly to measure a particular underlying construct, a measurement was taken of the
overall frequency with which the judges placed items within the intended theoretical
construct. The higher the percentage of items placed in the target construct, the higher the
degree of inter-judge agreement across the panel that must have occurred.

Moreover, scales based on categories that have a high degree of correct placement
of items within them can be considered to have a high degree of construct validity, with a
high potential for good reliability scores. It must be emphasized that this procedure is
more a qualitative analysis than a rigorous quantitative procedure. There are no
established guidelines for determining good levels of placement, but the matrix can be
used to highlight any potential problem areas. The following exemplifies how this
measure works.

Item Placement Scores:

ACTUAL
CONSTRUCTS A]B|C]JD N/A | Total % Hits
A 26 2 0 1 30 87
THEORETICAL B 8 18 4 0 0 30 60
C 0 0 30 0 0 30 100
D 0 1 0 28 l 30 93
Item Placements: 120 Hits: 102 Overall “Hit Ratio™ 85%

The item placement ratio (The Hit Ratio) is an indicator of how many items were
placed in the intended, or target, category by the judges. As an example of how this
measure could be used, consider the simple case of four theoretical constructs with ten
items developed for each construct. With a panel of three judges, a theoretical total of 30
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placements could be made within each construct. Thereby, a theoretical versus actual
matrix of item placements could be created as shown in the table above (including an
ACTUAL “N/A: Not Applicable” column where judges could place items which they felt
fit none of the categories).

Examination of the diagonal of the matrix shows that with a theoretical
maximum of 120 target placements (four constructs at 30 placements per construct), a
total of 102 “hits” were achieved, for an overall “hit ratio” of 85%. More important, an
examination of each row shows how the items created to tap the particular constructs are
actually being classified. For example, row C shows that all 30-item placements were
within the target construct, but that in row B, only 60% (18/30) were within the target. In
the latter case, 8 of the placements were made in construct A, which might indicate the
items underlying these placements are not differentiated enough from the items created
for construct A. This finding would lead one to have confidence in scale based on row C.
However, one must be hesitant about accepting any scale based on row B. An
examination of off-diagonal entries indicates how complex any construct might be.
Actual constructs based on columns with a high number of entries in the off diagonal
might be considered too ambiguous, so any consistent pattern of item misclassification
should be examined.
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Appendix C

Measurement Items Entering Third Q-Sort Analysis

SCM STRATEGY
Lean Supply Chain

Our suppliers help us to reduce our costs by delivering what we need.

Our suppliers help us to reduce our costs by delivering when we need.

Our suppliers help us to reduce our costs by delivering where we need (straight at the
production line).

Our suppliers help us to reduce our costs by delivering frequently as per our requirements.
Our suppliers help us to reduce our costs by adopting quality practices as per our
requirements.

Our suppliers help us to reduce our costs by managing their quality as per our
requirements.

Our suppliers help us to reduce our costs by inspecting their products frequently as per our
requirements.

Agile Supply Chain

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of cost.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of volume.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of delivery time.

Our suppliers help us to be responsive and flexible by quickly responding to our changing
requirements of design.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of cost.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of volume.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of delivery time.

Our suppliers help us to be responsive and flexible by effectively responding to our
changing requirements of design.
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Hybrid Supply Chain

Our suppliers help us to achieve assemble-to-order strategy by customizing our products
by adding feature modules as requested by us.

Our suppliers help us to achieve assemble-to-order strategy by responding to
customization requirements quickly.

Our suppliers help us to achieve assemble-to-order by producing modular products as
requested by us.

Our suppliers help us to achieve assemble-to-order by delaying the product final assembly
until we place an order.

Our suppliers help us to achieve assemble-to-order by changing the design of the product
as requested by us.

IS STRATEGY

The Information Systems (IS) applications we acquire help us to improve the efficiency of
our supplier operations.

The Information Systems (IS) applications we acquire help us to monitor the efficiency of
our suppliers.

The Information Systems (IS) applications we acquire help us to manage inventory
between our suppliers and us.

The Information Systems (IS) applications we acquire help us to manage material
requirement planning of our facility.

The Information Systems (IS) applications we acquire help us to manage production
control between our suppliers and us.

The Information Systems (IS) applications we acquire help us to coordinate efficiently
(production and information) across suppliers and product lines.

The Information Systems (IS) applications we acquire help us to introduce new product
and/or service in our markets.

The Information Systems (IS) applications we acquire help us to quickly share strategic
information within our firm.

The Information Systems (IS) applications we acquire help us to quickly share strategic
information with our suppliers

The Information Systems (IS) applications we acquire help us to monitor changes in our
market condition.

The Information Systems (IS) applications we acquire help us to respond to changes in the
market.

The Information Systems (IS) applications we acquire help us to change the design of the
product.

The information systems (IS) applications we acquire help us to provide sufficient
information to support careful decision making.

The information systems (IS) applications we acquire help us to detailed analysis of major
supplier’s decision.

The information systems (IS) applications we acquire help us to provide support for
decision making.
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The information systems (IS) applications we acquire help us to adopt a well analyzed
view when making major decisions.

ALIGNMENT BETWEEN SUPPLY CHAIN MANAGEMENT STRATEGY
AND IS STRATEGY

The supply chain applications we have enhance our ability to schedule delivery.

The supply chain applications we have enhance our ability to manage quality.

The supply chain applications we have enhance our ability to inspect products frequently.
The supply chain applications we have enhance our ability adopt quality practices.

The supply chain applications we have enhance our ability to respond quickly to our
changing requirements of cost.

The supply chain applications we have enhance our ability to respond quickly to our
changing requirements of volume.

The supply chain applications we have enhance our ability to respond quickly to our
changing requirements of delivery time.

The supply chain applications we have enhance our ability to respond quickly to our
changing requirements of design.

The supply chain applications we have enhance our ability to respond effectively to our
changing requirements of cost.

The supply chain applications we have enhance our ability to respond effectively to our
changing requirements of volume.

The supply chain applications we have enhance our ability to respond effectively to our
changing requirements of delivery time.

The supply chain applications we have enhance our ability to customize our products by
adding feature modules as requested.

The Supply chain applications we have enhance our ability to produce modular products.
The Supply chain applications we have enhance our ability to respond to customization
requirements quickly.

The Supply chain applications we have enhance our ability to delay the product final
assembly until customers make an order.

The supply chain applications we have enhance our ability to change the design of the
product.

IT UTILIZATION

External Focus of IT

In our firm, we use IT in interacting with our partners by solving problems jointly with
our suppliers.
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In our firm, we use IT in interacting with our partners by helping our suppliers to improve
their product quality.

In our firm, we use IT in interacting with our partners by building continuous
improvement programs that include our key suppliers.

In our firm, we use IT in interacting with our partners by including our key suppliers in
our planning and goal-setting activities.

In our firm, we use IT in interacting with our partners by communicating with customers
to set reliability, responsiveness, and other standards for us.

In our firm, we use IT in interacting with our partners by measuring and evaluating
customer satisfaction.

In our firm, we use IT in interacting with our partners by determining customer feedback
about our products/services.

In our firm, we use IT in interacting with our partners by facilitating customers’ ability to
seek assistance from us.

In our firm, we use IT in interacting with our partners by facilitating customer service
activities.

In our firm, we use IT in interacting with our partners by monitoring supplier performance

In our firm, we use IT in interacting with our partners by placing order and purchasing.
In our firm, we use IT in interacting with our partners by communicating product
specifications.

Internal Focus of IT

We use IT to improve processes inside our firm by reducing manufacturing set-up time.
We use IT to improve processes inside our firm by building and maintaining continuous
quality improvement program.

We use IT to improve processes inside our firm by using a "Pull" production system.
We use IT to improve processes inside our firm by demand forecasting.

We use IT to improve processes inside our firm by designing products for modular
assembly.

We use IT to improve processes inside our firm by delaying final product assembly
activities until customer order have actually been received.

We use IT to improve processes inside our firm by delaying final product assembly
activities until the last position (or nearest to customers) in the supply chain.

We use IT to improve processes inside our firm by storing our parts/products at
appropriate distribution points close to the customer

Infrastructural Focus of IT

In our firm, our IT foundation (platforms, networks, and databases) facilitates
communicating and sharing proprietary information.

In our firm, our IT foundation (platforms, networks, and databases) facilitates
communicating and sharing business knowledge of core business processes.
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In our firm, our IT foundation (platforms, networks, and databases) facilitates
communicating and exchanging timely information.

In our firm, our IT foundation (platforms, networks, and databases) facilitates
communicating and exchanging accurate information.

In our firm, our IT foundation (platforms, networks, and databases) facilitates
communicating and exchanging complete information.

In our firm, our IT foundation (platforms, networks, and databases) facilitates
communicating and exchanging adequate information.

In our firm, our IT foundation (platforms, networks, and databases) facilitates
communicating and exchanging reliable information.

ALIGNMENT BETWEEN SUPPLY CHAIN MANAGEMENT PRACTICES AND
USAGE OF IT

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to select suppliers based on their quality.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to solve problems jointly with our suppliers.
The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to Build continuous improvement programs that
include our key suppliers.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to Include our key suppliers in our planning and
goal-setting activities.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to Interact with customers to set reliability,
responsiveness, and other standards for us.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to measure and evaluate customer satisfaction.
The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to determine future customer expectations.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to facilitate customers’ ability to seek assistance
from us.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to periodically evaluate the importance of our
relationship with our customers.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to inform our trading partners in
advance of changing needs.
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The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to share proprietary information
with our trading partners.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventor management etc.) enhances our ability to share business knowledge of
core business processes with our trading partners.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a timely manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventor management etc.) enhances our ability to exchange information with our
trading partners in an accurate manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a complete manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventor management etc.) enhances our ability to exchange information with our
trading partners in an adequate manner.

The Information Technology (IT) we use in our supply chain activities (purchasing, order
taking, inventory management etc.) enhances our ability to exchange information with our
trading partners in a reliable manner.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to reduce manufacturing set-up time.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to build and maintain continuous quality
improvement program.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to use a "Pull" production system.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to push suppliers for shorter lead-times.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to design products for modular assembly.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to delay final product assembly activities until
customer orders have actually been received.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to delay final product assembly activities until the
last possible position (or nearest to customers) in the supply chain.

The IT we use in our supply chain activities (purchasing, order taking, inventory
management etc.) enhances our ability to store our parts/products at appropriate
distribution points close to the customer.
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Appendix D

Large-Scale Survey Questionnaire

IMPACTS ON SUPPLY CHAIN PERFORMANCE AND
ORGANIZATIONAL PERFORMANCE URBAN AEFAIRS CENTER

v ALIGNMENT OF INFORMATION SYSTEMS WITH SUPPLY
TOLEDO CHAINS: |l ! HE

Email

Note:

General Instructions and Information

This survey is being conducted by Sufian Qrunfleh, a Ph.D. candidate at the University of Toledo

This research will examine the effect of alignment between supply chain and information systems on supply chain and firm performance. The
study is intended to help managers identify appropriate supply chain applications that may be required for successfully implementing particular
supply chain strategies and practices. (It draws from literature on supply chain management and IT management).

There are 6 pages included in this survey, and it typically takes about 15 minutes to complete.

Please answer all questions. There is no right or wrong answer. Please provide your best estimate. [ am interested only in your perceptions.
Should you be interested in the results of this study, please indicate so in the guestionnaire. I assure you that I will share the results of this
study with you.

Your responses will be kept anonymous and will be treated in strict confidence. The results will be used only for statistical analysis and for
academic purposes.

In case you are too busy to answer the survey, please forward it to a qualified employee who can answer it.

Thank you for your cooperation. With your assistance, this study can be useful for strategic decision making, especially with regards to
investment decisions concerning IT applications in supply chains.

you must hawve scripting enabled to complete this survey.

Fields requiring numeric answers will allow numbers only to be entered; dollar amounts allow numbers or decimal points (".") only.

Click the "Continue” button at the end of a page to go to the next page, or click the "Go Back” button to review a previous page.

Click the "Submit Responses” button on the last page to send responses for the survey.

If you press the Enter or Return key you may be prompted to submit the form! You can always click "Cancel” in the confirmation dialog box
to skip submitting the form and return to data entry.

If you have any questions, please contact:

Sufian Qrunfleh

College of Business

The University of Toledo

2801 West Bancroft Street, Toledo, OH 43606
Phone: (419) 283-9997

: sgrunfl@utnet.utoledo.edu
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. oo ALIGNMENT OF INFORMATION SYSTEMS WITH SUPPLY
@TOL_EDO

CHAINS: | :
IMPACTS ON SUPPLY CHAIN PERFORMANCE AND y

ORGANIZATIONAL PERFORMANCE URBAN AFFAIRS CENTER

Section 1 [Page 1 of 6]

The following questions describe your supply chain management strategies and applications acquired/developed in vour supply chain.

With regard to cost reduction in our supply chain, our The supply chain applications we have enhance our
suppliers: ability to:

Strongly Agree Neutral Disagree  Strongly N/A Strongly Agree Meutral Disagree Strongly N/A

Agree [2] [3] [4] Disagree [6] Agree [2] [2] [4] Disagree [6]

[1] [5] [1] [5]

» *» * *» » 3 <- Deliver what we need - - * - » » »

» » » » » - <- Deliver when we need -> - » - » » »

-» > * > 3 3 <- Deliver where we need -> 3 * 3 -» 3 3

» O » O & () <- Adopt quality practices as per our ) » > » & &

requirements -

» O » O & 3 <- Manage quality as per our > » > » & &

requirements -

» O » O & 3 <- Inspect products frequently -> > » > » & &
With regard to responsiveness and flexibility in our The supply chain applications we have enhance our
supply chain, cur suppliers: ability to:

Strongly Agree Neutral Disagrese  Strongly  N/A Strongly Agree Meutral Disagree Strongly N/A
Agree [2] [3] [4] Disagree [6] Agree [2] [3] [4] Disagree [6]
[1] [5] [1] [5]
Respond quickly to our changing
requirements of:

O O o O * * <- cost - * o * O * *

O O O O L3 @ <- delivery time -> @ O @ O L3 L3

O O o O * * <- design -> * o * O * O

Respond effectively to our changing
requirements of:

O O O O * * <- cost -> & O & O * *

O O O O O * <- delivery time -> * O * O O O

O O O O * * <- design -> & O & O * O
With regard to assemble-to-order strategy in ocur supply The supply chain applications we have enhance our
chain, our suppliers: ability to:

Strongly Agree Neutral Disagree  Strongly N/A Strongly Agree Meutral Disagree Strongly N/A
Agree [2] [3] [4] Disagree [6] Agree [2] 2] [4] Disagree [6]
i 51 ri 51
> 3 » O O () <- Customize our products by adding O O > > » &
feature modules as per our
requirements ->

> @ 3 3 3 3 <- Produce modular products - 3 3 > > O »

O O > > > > <- Respond to customization > > O O O »

requirements quickly ->

> 3 » O O () <- Delay the products final assembly O O > > » &

until customers make an order -

- 3 » - . () <- Change the design of a product -= - - - - - 3
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v wusvosvor - ALIGNMENT OF INFORMATION SYSTEMS WITH SUPPLY

TOLEDO CHAINS: .. '
IMPACTS ON SUPPLY CHAIN PERFORMANCE AND E

ORGANIZATIONAL PERFORMANCE URBAN AFFAIRS CENTER

Section 2 [page 2 of 6]
With regard to Information Systems (IS) in your firm, please indicate the choice that accurately reflects your firm's present conditions.

With regard to efficiency, the Information Systems (IS) applications we acquire/develop help us to:
Strongly Aagree Neutral Disagree Strongly N/A
Agree [21 [21 [4] Disagree [6]
[1] 5]
Improve the efficiency of operation between our suppliers and us 3
Manage inventory between our suppliers and us

Manage material requirement planning of our facility

o0 QCO0oO0
00000
o0 O0O0
00000
O0QCO0O0

o
*
Manage production control between our suppliers and us O
Coordinate (production and information) efficiently across suppliers and product lines 3

With regard to flexibility, the Information Systems (I15) applications we acquire/develop help us to:

Strongly Agree Neutral Disagree Strongly N/A
Agree 21 2] [4] Disagree [6]
[1] [5]
Introduce new product(s) and/or service(s) in our market(s) -
Quickly share information within our firm

O
Maonitor changes in our market condition O
Respond to changes in the market O

O

00000
Q0000
Q0000
Q0000
00000

Change the design of our product{s)

With regard to comprehensiveness decisions, the Information Systems (IS) applications we acquire/develop help us to:

Strongly Agree Neutral Disagree Strongly N/A

Agree [2] [3] [4] Disagree [6]
[1] [5]
Provide sufficient information to support careful decision making O O O O ® *
Provide detailed analysis of major decisions O @] (@] (@] (@] @]
Provide support for decision making O » & O @ »
Adopt a well analyzed view when making major decisions O 4] ] @] (9] [#]
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IMPACTS ON SUPPLY CHAIN PERFORMANCE AND
ORGANIZATIONAL PERFORMANCE

ALIGNMENT OF INFORMATION SYSTEMS WITH SUPPLY

CHAINS:

3

URBAN AFFAIRS CENTER

Section 3 [page 2 of 6]

The following guestions describe your supply chain management practices and applications used in your supply chain.

With regard to partnerships with our suppliers,
we:

Strongly Agree Neutral Disagree Strongly M/A

Agree  [2] [3] [4] Disagree [6]
[1] 5]
* @ @ * @ *
* * * ® * ®
* * * ® * ®
* * * ® * ®

With regard to our customer relationship
practices, we:

Strongly Agree MNeutral Disagree Strongly N/A

Agree [2] [3] [4] Disagree [6]

[1] [5]
* * O * c O
O

With regard to our lean system practices, we:

Strongly Agree Neutral Disagree Strongly N/A

Agree 21 [3] [4] Disagree [6]
11 sl

Agree [21 [31 [4] Disagree [6]
[1] [s]
O O O O e |e
* @ ° O e |e
O O O O e |e
* * * * *® |e

With regard to our postponement practices, we:

Strongly Agree MNeutral Disagree Strongly N/A

Agree [z1 [31 [4] Disagree [6]
[1] [5]
° ° * O ° |e
* * * * *® |e
° ° ° O e |e
* * * O ® |e

<- Select suppliers based on their
quality =
<- Solve problems jointly with our
suppliers =

<- Include our key suppliers in our
planning and goal-setting activities ->
<- Help our suppliers to improve their

product quality ->

<- Interact with customers to set
reliability, responsiveness, and other
standards for us ->
<- Measure and evaluate customer
satisfaction -
<- Determine future customer
expectations ->
<- Facilitate customers’ ability to seek
assistance from us -

<- Reduce manufacturing set-up time ->

<- Build and maintain continuous quality
improvement program(s) -
<- Streamline ordering, receiving and
other paperwork from suppliers -=
<- Push suppliers for shorter lead-times -
>

«- Delay final product assembly activities
until customer orders have actually been
received ->
<- Delay final product assembly activities
until the last possible position {or nearest
to customers) in the supply chain =
«- Store our parts/products at
distribution points closer to the
customer -
<- Design products for modular
assembly -=
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The information technology apolications used in our
supply chain enhance our ability to:

Strongly Agree Meutral Disagree Strongly
Agree [2] [3] [4] Disagree
[1] [5]
* O * O *
* O * O *
* O * O *
* O * O *

The information technology applications used in our
supply chain enhance our ability to:

Strongly Agree Neutral Disagree Strongly
Agree [2] [3] [4] Disagree
[1] [5]
O * O O O

O

The information technology applications used in our
supply chain enhance our ability to:

Strongly Agree Neutral Disagree Strongly
Agree [2] [3] [4] Disagree
11 51
Agree [2] [31] [4] Disagree
[1] [5]
O O O O o
° O @ O *
O O O O O
* * O * *

The information technology applications used in our
supply chain enhance our ability to:

Strongly Agree MNeutral Disagree Strangly
Agree [z] [z1 [4] Disagree
[1] [5]
* O L3 O *
* * O * *
* O ° O *
* O * O *

N/A
[6]

o

o

(@]

N/A

N/A
(6]

[6]

o O 00

N/A
[6]

O




With regard to our Information sharing

practices, we:

Strongly Agree Neutral Disagree Strongly N/A

Agree [21
[1]
* *
@ *
* *

[3]

O

[4]

(@]

Disagree [&]
[5]

3 () <- Inform our trading partners in advance
of our changing needs -
3 () <- Mutually share business knowledge of
core business processes with our trading
partners -

- () <- Mutually share proprietary information
with our trading partners ->

With regard to our Information quality

practices, we:

Strongly Agree Neutral Disagree Strongly N/A

Agree [2]
[1]

[oMoNeliole]
© 0000

[3]

o 0000

[4]

e |e e e |e

Disagree [6]
[5]
Exchange information with our trading
partners in a:

<- timely manner -
<- accurate manner ->
<- complete manner ->
<- adequate manner ->

<- reliable manner -=

e |e e e |e
e|e|ele|e

The informatien technology applications used in our
supply chain enhance our ability to:

Strongly Agree Neutral

Agree
[1]
*

O

o}

[2]

(@]

(@]

@]

[3]

(@]

O

Disagree

[4]

(@]

(@]

@]

Strongly N/A
Disagree [&]
[5]

O »
O >
O @]

The information technology applications used in our
supply chain enhance our ability to:

Strongly Agree Neutral

Agree
[1]

e |e e e |e

[2]

I 3

[3]

e |e e e |e

Disagree

[4]

T I

Strongly N/A
Disagree [6]
[5]

[oMoNeliole]
o 0000
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Section 4 [page 4 of 6]

With regard to usage of IT in your firm, please indicate the choice that accurately reflects your firm's present conditions.

We interact with our partners by using IT to:
Strongly Agree Neutral Disagree Strongly N/A
Agree 2] 21 [4] Disagree [6]
[1] [5]
Solve problems jointly with our suppliers
Help our suppliers to improve their product quality
Include our key suppliers in our planning and goal-setting activities

Measure and evaluate customer satisfaction

[oloNoeN o)
O Qo000
OCcOoo0oQ
[oloNoeN o)
O 0000
O o000

Facilitate customer service activities

We improve processes inside our firm by using IT to:
Strongly Agree Neutral Disagree Strongly N/A
Agree [z1 [3] [4] Disagree [6]
[1] [5]
Reduce manufacturing set-up time
Forecast demand
Design products for modular assembly

Delay final product assembly activities until customer orders have actually been received

O 0000
O 0000
C 0000
C 0000
0000
O 0000

Store our parts/products at distribution points close to the customer

Inside our firm, our IT foundation (platforms, networks, and databases) facilitates:
Strongly Agres Neutral Disagree Strongly N/A
Agree 21 [3] [4] Disagree [6]
[1] 5]
Communication and sharing of business knowledge of core business processes
Communication and exchange of timely information
Communication and exchange of accurate information

Communication and exchange of complete information

O 0000
O 0000
CoC0oOC
C o000 O
(o) eleNe]
O 0000

Communication and exchange of adequate information
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Section 5 [page 5 of 6]

With regard to Performance of your supply chain management in your firm, please indicate the choice that accurately reflects your firm's present
conditions.

Supply Chain Flexibility- our supply chain is able to:
Strongly Agree Neutral Disagree Strongly NJA
Agree  [2] [31 [4] Disagree [6]
[1] [5]
handle difficult nonstandard orders
meet special customer specification
produce products characterized by numerous features options, sizes and colors

rapidly adjust capacity so as to accelerate or decelerate production in response to changes in
customer demand

rapidly introduce large numbers of product improvements/variation

o0 0000
Q0 0000
Q0 0000
o0 0000
o0 0000
o0 0000

handle rapid introduction of new products

Supply Chain Integration
Strongly Agree Neutral Disagree Strongly N/A

Agree  [2] [3] [4] Disagree [6]

[1] [5]
There is a high level of communication and coordination between all functions in our firm. () O » * » O
Cross-functional teams are frequently used for process design and improvement in our firm. (9] O O O O O
There is a great amount of cross-over of the activities of our firm and our trading partners. () » @ O * @
There is a high level of integration of information systems in our firm. (4] O (@] O (@] O

Responsiveness to Customers- our firm:
Strongly Agree Neutral Disagree Strongly N/A
Agree  [2] [31 [4] Disagree [6]
[1] [5]
fills customer orders on time () » & » O &
has short order-to-delivery cycle time (O O (@] O (@] (@]
has fast customer response time () - 3 - - 3
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WIOIPD v ALIGNMENT OF INFORMATION SYSTEMS WITH SUPPLY

O CHAINS: i
IMPACTS ON SUPPLY CHAIN PERFORMANCE AND E

ORGANIZATIONAL PERFORMANCE URBAN AFFAIRS CENTER

Section 6 [page 6 of 6]

As a result of the acquisition/development and use of supply chain applications, please indicate the choice that accurately reflects your firm's
overall performance.

Significant Decrease Same As Increase Significant N/A

Decrease [2] Before [4] Increase [6]

[1] [3] [5]

Market Share O » @ O O O

Return on investment Q [@)] [ ] o] @] [ @]

The growth of market share O O * @ ® @
Growth in return on investment [ 4] @] O ] O o
Profit margin on sales O O O O O O

Overall competitive position (@] ] O O O [ ]

General information about your firm: for the following questions, please check the appropriate response.
Number of employees in your company: 3 - O » - »
1-50 51-100 101-250 251-500 501-1000 >1000
Please indicate the industry category that best describes your ) Manufacturing
primary business: O process industry
) Service
) Other (specify):
Your company has been in business for: & O (@) &

<2 years 2-5 years o0-10 >10 years
years

Please indicate the range of your annual sales (in US$): O <1 million
© 1-10 million

C'50-250 million
250-500 million
C 500-100 million
) =>1 billion

Your present job title: ) CEOQ/President
) Director
) Manager

O Other (specify):

Your present job function (check all that apply): [] corporate Executive
[J Purchasing
[ Mmanufacturing Production
[ pistribution
[ Transportation
[sales
The years you have stayed at this organization: 3 - » -
<2 years 2-5 years 6-10 >10 years
years
Please indicate the approximate range of your annual information ] O O O O
systems budget (in US$): <500 500 thousand-1 1-5 million  5-10 >10
thousand million million million
Please indicate the approximate range of your annual information () <294
systems budget as a percentage of your sales: ) 2%%-4%

O 4%-6%
O 6%-8%
O 8%-10%
O 10%-15%
O =15%

What percentage of your business transactions is done with your (] O (4] (2] (@]

customers electronically  <10% 10%-30% 30% 50% 50%- >80%
80%
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What percentage of your business transactions is done with your > * » O O
suppliers electronically  <10% 10%-30%  30%-50% 50%- >80%
80%
Please mark the position of your company in the supply chain (check []Raw material supplier
all that apply): [] component supplier
[] Assembler
[] Sub-assembler
[ Manufacturer
[ Distributor
[Jwholesaler
[]Retailer
Has your organization embarked upon information systems program ) No
(s) aimed specially at implementing "supply chain integration™ O Yes (specify # years):
Please check mark against one or more of the following technology [ EDI
applications you are primarily (heavily) using in your firm? [l Extranets

[pss
[]1ScM software
[J other (please indicate:)

If you would like to receive a copy of the survey results, please provide the following information, or write to me separately:

Name:

Company:

Street:

City: State: Zip:

Click the "Submit Responses™ button to send your answers, or click "Go Back” to return to the previous page

Submit Responses
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