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Introduction

During the past few years, Organizational Agility has Gained Prominence as a Competitive Advantage in both the
Academic and Business communities.

Little Research exists which explains the Relationship Between Organizational Agility, Organizational Strategies and
Performance. Using sound theory-building methods, Frameworks and Research a Model of Global Supply Chain
Agility has been created.

Global Supply Chain Agility is Defined as a Measure of the Supply Chain's Ability to Efficiently Adapt to a rapidly
Changing Global Competitive Environment to provide Products and/or Services; Global Supply Chain Agility is
Determined by Four Flexibility Components (Product Development, Sourcing, Manufacturing and Logistics
Flexibility). Each flexibility is composed of Two Dimensions, namely Range and Adaptability.

We also Posit that an Organization's Information Technology Flexibility and its industry's Global Competitive
Environment Influence its Level of Global Supply Chain Agility. In order to be able to study the Effects Global Supply
Chain Agility on Performance, Two Additional Constructs Named Supply Chain Performance and Global Competitive
Performance are Included in the Model.




1 Insight

From a more Organizational Perspective, the Agility Forum (1998) Defines Agility as, "the Ability of an
Organization to Thrive in a Continuously Changing, Unpredictable Business Environment." In a more recent
study, the Next Generation Manufacturing (NGM) Project (1997) states, "Competitive Companies of the future
will have the Ability to Sustain Continuous Change and to Prepare the Organization to Respond to Calls for
Dramatic Change."

A Growing Interest in Supply Chain Management has Occurred due to the Increasing Global Competition (Li
and O.Brien, 1999) Caused by Trade Agreements, Removal of Trade Barriers and Increased Accessibility to
Global Customers. A Supply Chain Provides the Framework for the Movement of Raw Materials through
Manufacturing and Distribution to the Customer.

With Increasing Accessibility to Global Markets, many Organizations are Expanding Beyond the Boundaries of
their own country (Fliedner & Vokurka, 1997); not only are they expanding through the sales of products to
other countries, they also are locating their facilities in other countries (Murray, Kotabe, & Wildt, 1995). Also,
the higher level of global competition motivates organizations to focus on the potential economic benefits of
locating in countries with lower labor costs or by locating close to suppliers who offer lower cost, higher quality
material (Murray, Kotabe, & Wildt, 1995). The Trend Toward Global Organizations mandates more research
in those areas that Provide Competitive Advantages. Global Supply Chain Agility Provides an Organization with
the Ability to Adapt in order to Pursue or Maintain these Advantages. Goldman, Nagel and Preiss (1994) state,
"Agility is the Competency that Sustains World Class Performance over Time."

A Question would be, "Is an Organization's Global Supply Chain Agility Defined by Elements of Flexibility and
does Global Supply Chain Agility Impact Competitive Performance?"

1.1 Approach

Articles containing good theory-building research methods (i.e. Wacker, 1998; Amundson, 1998; Malhotra
and Grover, 1998; Meredith, 1993,1998;) were Reviewed to Ensure the Best-practices were used to Develop
our Global Supply Chain Agility Model.

Theoretical Models are Essential to Sound Theory-building because they provide the Framework for Analysis,
a method for field development and a clear explanation (Wacker,1998). Essentially, Theory Explains the
Relationships Between Concepts and Constructs. According to Wacker (1998), the Four Components of Good
Theory are:

Definitions of Terms or Variables;

a Domain where the Theory Applies;

a set of Relationships of Variables; and
Specific Predictions."

Based on Weick's (1989) Perspective, the Model Represents a middle range theory because it contains a
limited number of assumptions, considerable detail in the problem specification, and a scope of manageable
size.

1.2 The Model

Cohen and Lee (1989) Argue that an Organisation's Performance is Determined by its International Resource
Deployment Decisions Concerning: Supply, Manufacturing and Distribution Facilities. Yusuf, Sarhadi and
Gunasekaran's (1999) study mentions the Impact of Manufacturing Flexibility on Agility but also warned that
equating agile manufacturing with agility forms a narrow understanding thus the Creation of Four Additional
Flexibility Constructs.

Based on Supply Chain Literature, the Constructs of Flexibility Identified to impact Global Supply Chain Agility
are: Product Development, Sourcing, Manufacturing and Logistics Flexibility.
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The Model posits that Global Supply Chain Agility Consists of Four Component Flexibilities: Product
Development, Sourcing, Manufacturing and Logistics Flexibility; each Component Flexibility in turn consists of
Two dimension, namely: Range and Adaptability. Global Supply Chain Agility is impacted by the Global
Competitive Environment and Information Technology Flexibility, and in turn is Theorized to Impact Supply
Chain Performance and of course Global Competitive Performance.

Based on the Proposed Model, we present the following Propositions regarding the Relationships Between the
Dimensions of Flexibility and Global Supply Chain Agility:

. Proposition 1a:

An organization's Global Supply Chain Agility is Obtained Through the Co-alignment of the Four
Component Flexibilities called Product Development, Sourcing, Manufacturing and Logistics Flexibility.

e Proposition 1b:
Range and Adaptability are Positive Drivers of Flexibility and thereby Global Supply Chain Agility.

A Critical Imperative for Organizations is an Ability to Adapt to a Rapidly Changing Global Competitive
Environment (Next Generation Study, 1997). Also, the Agility Forum (1998) Lists true Global Competition as
a Driver of Increased Agility. An Organisation within an Intense Global Competitive Industry would Require
More Agility than its Competitors In Order to Announce Products Earlier as well as Deliver Products Faster;
this supports the next proposition:

e  Proposition 2:

The Intensity of the Global Competitive Environment in which an organization operates positively
Influences its Global Supply Chain Agility.

Information Technology also Impacts an Organization's Global Supply Chain Agility; According to Jeffrey James
(1999), "Information technology not only enhances the ability of a multinational corporation to coordinate
their intra-firm activities on a global scale, but it facilitates inter-firm network relationships of various kinds."
Stratman and Roth (1999) state, "Information processing theory posits that uncertainty drives the need for



information processing competencies." Also, the effective use of information technology can provide
information to allow an organization to effectively respond to the affects of market uncertainty (Stratman and
Roth, 1999). This supports our next proposition:

e Proposition 3:

The Flexibility Offered by an organization's Information Technology Infrastructure through its Range
and Adaptability Attributes is a Positive Enabler of its Global Supply Chain Agility.

Two Dimensions of Supply Chain Performance are Flexibility and Time (Beamon, 1999); since Flexibility is
Hypothesized to Impact Agility then Agile Supply Chains should Exhibit Higher Performance with Respect to
Flexibility and Time than Non-agile Supply Chains. This supports proposition three:

e Proposition 4:
An organization's Global Supply Chain Agility has positive Influence on its Supply Chain Performance.

Along with Measures of Supply Chain Performance, there are Financial and Market Measures of Performance;
just as Supply Chain Performance Measures Should Improve with Higher Agility, the Performance of the
Organization with Respect to Competitors should also Improve thus the final proposition:

. Proposition 5:

An Increase in an organization's Global Supply Chain Agility is a Positive Driver of its Global
Competitive Performance through its Supply Chain Performance.

1.3 Dimensions of Flexibility

Within Literature, Flexibility has been Defined as Having Multiple Dimensions. Slack (1983) defines flexibility
in terms of Range, Cost and Time where range was the number of states the system could adopt, and both
cost and time were associated with a change in the number of states.

Using Upton's (1994) concept of "extent of differentiation”, Koste and Malhotra (2000) Divide Range into Two
Categories, namely:

e Range-heterogeneity;
and
e Range-number.

Range-heterogeneity Measures the Difference Among the Existing Manufacturing Options, while the Range-
number Measures the Number of Options.

Along with the two range measures, Koste and Malhotra (2000) use:

e Mobility;
and
e  Uniformity

to Define Manufacturing Flexibility. Mobility Measures the Ability to Change from one manufacturing state to
another state. Uniformity Measures the Similarity of Outcomes in Terms of Cost, Quality and Time which could
represent the effective use of agility.

Based on Slack's (1983) Concept that Flexibility is defined as Two Dimensions, we defined Flexibility using
Two Dimensions called:

e Range;
and
e Adaptability.



1.4

Construction of the Model

1.4.1 Product Development Flexibility

Ettlie's (1998) study shows Research and Development Intensity to be Associated with Increases in Market
Share as well as Increased Agility.

Higher Product Design Flexibility Increases the Ability to make Changes Later in the Development Cycle
(Thomke,1997) thus Increasing Agility. In this paper, we define Product Development Flexibility as the Ability
to Develop Diverse Products and/or Product Enhancements in a Timely and Cost Effective Manner in Response
to Customer or Market Requirement, or to Exploit: Market Opportunities / Technological Enhancements. The
NGM study's (1997) Attribute of Customer Responsiveness such as ability to meet customer needs is
Supported by an Increase in Product Development Flexibility; with higher flexibility in product development,
the organization will be better able to introduce products in response to changing customer expectations or
technology.
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The first Dimension, Range, Measures the Possible Number of States that Product Development can Achieve
as a Function of its: Product characteristics and Existing Development Resources. One characteristic of a
Development Project that Impacts Development Cycle Time is the Level of Complexity of the Project (Griffin,
1993); Complexity is defined in Terms of how Difficult and Time-consuming development might be due to
project size. Das (1998) uses the complexity of new processes utilized in product design, prototyping and
manufacturing as a measure of new product flexibility. To capture Product Complexity Range, the first item is
the Number of Technologies used per Product; the development of an automobile requires knowledge in
numerous process areas such as: hydraulics, electronics, metallurgy, ... thus development requires a wider
range of states. The development concept of modularity impacts flexibility and is included in our range
construct. A Higher Level of Modularity Allows Design Changes to be Localized within the Modular Units
(Thomke, 1997) which May Reduce the Impact of the Changes on Overall Development Time; this leads to
the next item of range which is the Level of Modularity utilized in product development.

A Higher Number of Product Announcements Demonstrates Higher Product Development Flexibility and is
included in range as the number of new products introduced per year (Das,1998). The types of product
announcements are impacted by the next three measures: the Number of Different Platforms in Design, the
Number of Product Generations in Design and the Number of Development Projects in Progress. An
organization simultaneously developing multiple generations of a product would have a greater opportunity to
effectively incorporate new customer expectations into the design.

The next item is the Percent of Asset Reusability; Griffin (1993) Defines Asset Reusability as the Amount of
Change Across a Project. An example of asset reusability can be drawn from the tire industry: if a tire is
developed on a small scale and the knowledge is transferable to a design project of a tire on a large scale then
asset reusability exists. This is Related to the Concept of Part Commonality; Higher Levels of Part Commonality
Simplify the Product Design (Loch, Stein, & Terwiesch, 1996). This is an important concept for design for
manufacturability. Another concept of design for manufacturability is the Use of Existing Manufacturing
Technology. The next two items, the Number of Current Technologies used in manufacturing (Das, 1998) and
the Degree of Part Commonality, capture the Effects of Design for Manufacturability.

Adaptability of Product Development Flexibility Measures the Ability to Increase or Decrease the Number of
States based on Resources and Technologies; this dimension of flexibility makes multiple projects possible as
well as change within any specific project (Thomas, 1993). Thomas also states that slack resources improve
organizational flexibility and enable an organization to better adapt to internal and external demands. The
first item of adaptability of product development flexibility is the Ability of an Organisation to Globally Assign
Resources as needed.

The Agility Forum (1998) lists the ability to quickly deliver products to market as an attribute of an agile
organization. The Ability to Deliver Products to Market is Impacted by the Length of the Development Cycle
Time. Das (1998) and Griffin (1993) show that the ability to reduce the product development cycle time
captured aspects of product development flexibility, therefore it is the next item in adaptability. The reduction
of development cycle time would be Aided by the ability to Perform Design Activities Concurrently and any
Ability to Outsource Design Stages. Pagh and Cooper's (1998) study shows the Impact on Inventories by
Postponement Strategies; if development designs products where differentiation is performed late in the
supply chain, the cost of adapting is lowered. Thus we include the measure for the ability to postpone product
differentiation in the global supply chain. Another measure of adaptability is the ability to postpone design
decisions until improved product information is available.

The last two items are applicable to corporations with Global Supply Chains and not applicable to localized
supply chains. First, the Ability to Design Global Products measures the extent to which development can
design products for the same global market niche but with different characteristics to match geographically
different customer requirements. A product development group which designs washing machines for North
America and Europe displays more adaptability. An extension of this prior concept is that product development
displays greater adaptability if the designers can adapt existing product designs for global markets.

1.4.2 Sourcing Flexibility

Integrating Sourcing Flexibility with Supply Chain Management Supports an Organization's Ability to Deliver
Products and/or Services in a more Timely, Effective Manner (Tan, Kannan, and Handfield, 1996); thereby
increasing the organization's agility.

Sourcing Flexibility Measures the Ability to Change Sourcing Decisions (i.e. the number of suppliers per part,
and delivery) to Optimize Effects of Changing Requirements. Sourcing Flexibility Facilitates a Faster Response
when there is Uncertainty; therefore has a Positive Impact on Manufacturing Flexibility (Gupta and Somers,
1996).

The NGM study's (1997) attribute of teaming as a core competency is supported by purchasing ability to form
relationships with suppliers that improve the NGM study's (1997) attribute of global market responsiveness.



In Order to Provide Global Support Responsiveness, the Purchasing Function must Form Relationships with
Suppliers that Enhance Organizational Ability to Respond to Uncertainty thus Increasing Sourcing Flexibility.

Based on the Literature, we Define Sourcing Flexibility as the Ability of the Purchasing Function to Respond in
a Timely and Cost Effective Manner to Changing Requirements of Purchased Components. Narasimhan and
Das (1999) Link Supply Chain Management Practices within Purchasing to Achieving Manufacturing Agility;
the Practices Used were Supplier Responsiveness Capabilities, Early Supplier Involvement and Internal
Purchasing Practices. The Ability of Purchasing to Adapt to Satisfy Changing Material Requirements Provides
an Organization with a Higher Level of Responsiveness, and thus higher Agility.

Range or Order Sizes
(Min., Max., Number of States)

Range of Delivery Frequencies

Number of Different Parts

Range
Number of Supplier-Buyer

Relationship Options

Number of Suppliers
(1%t ,2™ Tier, Local or Global)

Level of Strategic Linkage
Between Purchasing and Mfg

Ability to Purchasing to Pool
Global Demand for Orders Sourcing
Flexibility
Ability to get Order Sizes Changed
Ability to get Delivery Schedules
Changed
Ability to Influence Supplier
Performance
Ability to Change Worldwide
Suppliers
Adaptability
Ability to get Engineering Change
Orders (ECO) Implemented
Ability to Outsource Technology
Ability to Sustain Suppliers on
Long Term Basis
Ability to Source Globally

There are Six Measures of the Range of Sourcing Flexibility. The Range of Order Sizes used by Purchasing;
this is Analogous to Volume Flexibility used in Manufacturing since it refers to the range of purchase order
sizes versus the range of volume which is used in manufacturing. The Wider the Range of possible purchase
order methodologies, the Higher the Flexibility for the buyer to Select the Best Purchasing Solution to Maintain
Supply Continuity. The Range of Delivery Frequencies Captures Corbett's (1992) Concept of Time Between
the Earliest and Latest Delivery Dates achievable by the Supplier. The Number of Different Parts Measures the
Magnitude of Range; the Larger the Number of Parts to be sourced then the Lower the Sourcing Flexibility
Unless Grouping of Parts with One Supplier Provides Purchasing Power!
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The Number of Supplier-buyer Relationship Options used is another Measure of Sourcing Range; a Higher
Number of Options Supports a Wider Range of Relationships with Suppliers. Types of Supplier-buyer
Relationships Include Forming Partnerships, Signing Contracts for Manufacturing Capacity or Placing Individual
Purchase Orders as required. Stuart (1993) concludes that Supplier Partnerships Lead to Both Short and Long
Term Benefits Especially in the Areas of Product Development.

The Number of Capable Suppliers per Part based on Technology also Impacts Flexibility; a part that can be
provided by several suppliers provides more sourcing flexibility than a part that is sole-sourced. If supply from
the sole source is interrupted, the buyer has no alternative. The Number of Suppliers per Tier is also Important



for Flexibility; Tiers Refer to the Level of the Supplier within the Supply Chain. A first tier supplier provides
material directly to the organization while a second, third, etc. tier supplier provides materials to the next
higher tier in the supply chain. If there are fewer first tier suppliers then coordination requirements are lower
which results in higher coordination per supplier to handle changing requirements. Kekre, Murthi, and
Srinivasan's (1995) study shows a positive impact on product quality when there were fewer suppliers. The
final measure of range is the level of strategic linkage between purchasing and manufacturing strategies.

Adaptability of Sourcing Flexibility Measures Purchasing's Ability to Impact Supplier Delivery. The first Measure
is the Ability of Purchasing to Pool Demands from Multiple Sources; if demand can be pooled, Order Sizes are
Increased Leading to Increased Purchasing Power. Also, the Larger Purchase Orders created by pooling leads
to Lower Prices from Volume Discounts (Tan, Kannan, and Handfield, 1996). This ties directly into the next
measure, the ability to get order sizes changed. Sourcing has greater flexibility if it can increase or decrease
order sizes without incurring extra costs. The Ability to Change Order Volumes has a Positive Impact on
Expansion Flexibility within Manufacturing (Narasimhan and Das, 1999) thus increasing overall Agility. Just as
important is the ability to get Delivery Schedules Changed. An organization has more flexibility if Purchasing
can Expedite or Delay Delivery so delivery can more closely match when the materials are needed. Narasimhan
and Das (1999) found ability to change delivery schedules was positively significant related to delivery
flexibility. Along with the ability to influence supplier delivery there is the ability to influence supplier
performance. This is usually related to the supplier-buyer relationship or purchasing power. If the organization
can Influence Supplier Performance, it can Provide Higher Quality Products at Lower Cost for the Consumer.
Another Measure of adaptability is the Ability to Change Suppliers; if an organization can quickly change its
supplier base, it will have more flexibility if supply problems are encountered.

The ability to get Engineering Change Orders (ECOs) Implemented in a Time and Cost Effective Manner is the
Next Measure; Quicker Implementation of ECOs Reduces Cost of Obsolete Inventory for the organization and
provides a better quality or less expensive product to the consumer. This is closely related to Narasimhan and
Das's (1999) measure, Supplier Ability to Modify Product, which also had a Positive and Significant Relationship
to Volume Flexibility. The ability to Outsource Technology with Suppliers also Impacts Sourcing Flexibility. If
an organization can outsource assemblies or packaging, it can focus on its core capabilities which add value
to the product.

Another measure of sourcing adaptability is the Ability to Sustain Suppliers on a Long Term Basis; Long-lasting
Relationships with Suppliers have more Positive Effects on an organization's Performance than a short
relationship. The supplier will have more Accumulated Information on the Product and Processes which should
Improve their Performance in the Areas of Cost, Quality and Delivery. Also, the supplier will have more
information for assisting in new product development. The last measure of sourcing adaptability is the ability
to source globally. This measure captures the ability of the purchasing department to identify and develop
relationships with globally located suppliers. An organization whose purchasing departments can procure
materials from global suppliers will possess higher adaptability to pursue the competitive benefits of cost,
delivery, and quality.

1.4.3 Manufacturing Flexibility

Sethi and Sethi (1990) Define Manufacturing Flexibility as the, "Ability to Reconfigure Manufacturing Resources
so as to Efficiently Produce Different Products of Acceptable Quality". Several articles (Sharifi and Zhang,1999;
Narasimhan and Das, 1999; Yusuf, Sarhadi, and Gunasekaran,1999) Link the Concepts of Flexible
Manufacturing and Agility. Sharifi and Zhang (1999) Define Agile Manufacturing as the, "Ability to Cope with
Unexpected Changes in order to Survive Unprecedented Threats of Business Environment and to take
Advantage of Changes As Opportunities". Narasimhan and Das (1999) describe manufacturing agility as the,
"Ability to Produce a Broad Range of Low-cost, High-quality Products with Short lead-times in Varying Lot-
sizes, Built to Individual Customer Specifications."

We define Manufacturing Flexibility as the Ability of manufacturing to Adapt its Capabilities to Produce Quality
Products in a Time and Cost Effective Manner in Response to Changing Product Characteristics, Material
Supply, Demand or to Employ Technological Process Enhancements.

Numerous articles on manufacturing flexibility (e.g. Gupta and Somers, 1992; Sethi and Sethi, 1990; Gupta
and Goyal, 1989) describe Several Types of Flexibility such as: Machine, Labour, Material Handling, Routing,
Operation, Expansion, volume, Mix, New Product, Market and Modification. Most of these flexibilities are
defined at the shop floor or individual resource level.

This paper uses flexibilities defined at the plant level (Volume, Modification, Expansion, New Product and Mix)
to Capture a Strategic Business Unit's (SBU’s) overall Agility in a Global Environment. However, aggregate
measures of labour and machine flexibility will be used to represent flexibilities due to changes in resources
within the strategic business unit. Many of these flexibilities possess both range and adaptability measures.
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The Range of Manufacturing Flexibility Captures the Possible Combinations within the Manufacturing Facilities;
the first measure is the Range of Volume Levels at which Manufacturing can currently Operate. This measure
represents volume flexibility which is the, "extent of change and the degree of fluctuation in aggregate output
level which the system can accommodate"(Koste and Malhotra, 1999). The Number of Available Methods to
Increase Capacity Affects Range and Represents Part of Expansion Flexibility (Koste and Malhotra, 1999).
Sethi and Sethi (1990) mention several methods such as building smaller production units, having modular
flexible manufacturing systems, and multipurpose machinery to enhance expansion flexibility.

The next measure of range is the Number of Different Manufactured Products; Koste and Malhotra (1999) call
this mix flexibility while Sethi and Sethi (1990) call it Process Flexibility; mix flexibility with respect to range
is defined as the, "Number of Products Which Can Be Produced."(Koste and Malhotra, 1999) Manufacturing
with the Ability to Economically Produce a Wide Variety of Low Volume Products in Small Batches Gains a
Competitive Advantage (Berry and Cooper, 1999).

The Number of Different Manufacturing Options per Product is an Adaptation of Sethi and Sethi's (1990)
Routing Flexibility and is Another Range Measure. In a global market, the organization with the Ability to Move
Products Around Different Production Lines at Different Locations has Greater Flexibility. The Number of
Available Processes to Produce New Products is a Range Measure; this Captures New Product Flexibility and
Measures Its Impact on Manufacturing Caused by Product Announcements.

The next measure is the Number of Products Produced per Facility; this item Captures the Ability of a Line to
Produce Multiple Products and is called Process Flexibility. The Greater the Number of Products per Facility
then the Higher the Number of Profitable Combinations which can be Scheduled to Adjust to Demand Changes,



Component Shortages or Labour Issues. The Number of Product Changeovers (per month/ per facility) is also
a Measure of Process Flexibility (Ettlie, 1998) and is used as the last measure of flexibility range. The final
measure of range is the Range of Workforce Capabilities. This is similar to the range-number element of labour
flexibility used by Koste and Malhotra (1999) which captures the extent of cross training. A workforce with
higher levels of cross training provides more possible job assignment combinations for adapting to changing
production schedules.

There are Several Measures of Manufacturing Flexibility Adaptability to Capture the System's Ability to Change
the Existing Number of States. The first is the Ability to Change Volume which Captures a System's Expansion
Flexibility. "Expansion flexibility is the ease with which capacity and capability can be increased when
needed"(Sethi and Sethi, 1990). Manufacturing with an ability to readily change its volume demonstrates
more flexibility to respond to product demand.

The ability to Change Product Mix has been used to Measure Product Flexibility (Gupta and Goyal ,1989); they
define product flexibility as the, "ability to change over to produce a new product." Slack (1983) defines
product mix flexibility as the, "ability to manufacture a particular mix of products within a given time period,"
and measures response as the, "time required to produce a new product mix." The Ability to Implement
Engineering Change Orders is a Measure of Adaptability which was labelled as process flexibility by Roth,
Demeyer and Alano (1989). The next measure is the Ability to Produce New Products Auickly which Suarex,
Cusumano and Fine (1995) refer to as new product flexibility. The Previous Three Measures are Interrelated.
When manufacturing has the ability to change product mix, it has some of the same characteristics that aid
in implementing engineering change orders and manufacturing new products. An organization with the ability
to adapt manufacturing to different product specifications can exhibit faster product completion thereby
reducing the overall delivery time.

Another measure is the ability to Change Manufacturing Throughput Time which is similar to Slack's (1983)
Delivery Flexibility Measure. This ability Supports the Concept of Delivery Time Compression which is an
Important Aspect of Agility! The Ability to Change Process Capabilities and Workforce Capabilities are the next
two measures. Manufacturing can quickly adapt to changing requirements when it possesses the ability to
change the process or the job assignments of the employees.

The last two measures capture the organization adaptability on a global scale: an organization whose
manufacturing facilities have the Ability to Move Products and/or Processes Among Global Facilities possesses
higher adaptability for adapting to changing global market requirements.

1.4.4 Logistics Flexibility

The Logistics Function is a Critical Dimension of Time-based Competitive Strategies for Organisations (Fawcett
and Clinton; 1996). Changes in Overall Warehouse Structure, Distribution of Product among Warehouses,
Transportation Network and Mode Impact Supply Chain Significantly (Kopczak; 1997). Logistics is Defined by
the Council of Logistics Management as, "the Process of Planning, Implementing and Controlling the Efficient,
Effective Flow and Storage of Materials, Finished Goods, Services and Related Information from Origin to the
Location Where they are Used" (Fawcett and Clinton, 1996).

We Define Logistics Flexibility as the Ability to Adapt, in a Timely and Cost Effective Manner, the Process of
Controlling the Flow and Storage of Materials, Finished Goods, Services, and Related Information. The NGM
study's (1997) Attribute of Customer Responsiveness is Impacted by Logistics Flexibility. If the organization
has higher logistics flexibility, it will have an opportunity to be more customer responsive with respect to
product delivery.

The first measure of Range, see picture next page, is the Number of Delivery Modes per Product which is
Analogous to the Range-number Measure of Material Handling Flexibility in Manufacturing. Koste and Malhotra
(1999) Define this Flexibility in Manufacturing as the Number of Existing Paths between Processing Centres;
a product which can be Delivered Through Multiple Modes Provides More Logistics Flexibility than one which
can be transported via only one delivery mode. Using another analogy, the measure of the range of Total
Storage Capacity is based on the same concept as volume flexibility; an organization with a Wider Range of
Flexibility can Accommodate more Levels of Product Delivery as required by demands. The Number of Delivery
Policies is the Next Measure; this measure is based on Corbett's (1992) concept of delivery windows which
represents the quoted time between customer order receipt and product delivery.
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The fourth measure is the Number of Products per Delivery Mode; this measure is analogous to the range
heterogeneity measure of material handling flexibility used by Koste and Malhotra (1999). They Define
Flexibility as the Variety of Material Which Can be Transported Along the Delivery Routes, this measure
Captures the Flexibility of the Logistics Network to Handle a Variety of Materials. The next measure, the
Number of Carriers per Delivery Mode, is also analogous to another manufacturing flexibility measure called
process flexibility. An organization with a number of possible carriers per delivery mode can better respond if
a carrier is unable to provide quick response to a delivery request.

The next two measures of range, the Number of Items Managed at Each Facility and the Number of Worldwide
Storage Facilities, Impact Flexibility. A facility with Few Items may have Faster Response Time for Picking and
Shipping than a facility with many items. Also related to delivery speed, an organization with multiple storage
facilities may have Closer Proximity to More Customers thus Faster Delivery. However, the relationship
between facility and items has another impact on flexibility thus the next measure, the range of line items per
order capability, is included in the model. If the facility manages many products, the range of line items per
order must be wider in order to have the same level of flexibility as a facility which manages a few items.



The last two measures, the Number of Customers Served per Facility and the Number of Distribution Channels,
Deal with the Strategy of Delivering Product; if a facility can fill orders for a large number of different customers
then it demonstrates higher flexibility. Also, an organization which utilizes multiple channels through which a
customer can purchase the product displays greater logistics flexibility.

Adaptability is Determined by Ten measures which Capture the Ability of the Logistic Network to Change
Additional Capabilities or Track Current Network Flow. The first is the Ability to Add or Delete Delivery
Segments; this provides Options for Changing the Overall Delivery Route in Response to Customer
Requirements. Along this same line of reasoning is the Ability to Add or Delete Delivery Modes.

The ability to Change Delivery Policies is the third measure; this is related to the next two measures, the
Ability to Change Planned Delivery Mode and Ability to Change Planned Delivery Time. The ability to change
planned delivery time represents Slack's (1983) delivery flexibility concept for manufacturing. The ability to
track worldwide shipments is the next measure since it reduces the response time for customer inquiries and
identification of shipments problems.

Along with the range measures, number of customers served per facility and the number of distribution
channels, is the adaptability measure of the ability to fill orders from alternate global facilities. The flexibility
provided by the range measure is compounded if those same customers can also have orders filled by multiple
facilities. The next two measures, Ability to Change Total Storage Capacity and Ability to Change Delivery
Capacity, represent capabilities to change the overall capacity of the logistics network which includes material
in storage and in transit. These measures are important since they capture the same dimension as expansion
flexibility which is represented in the manufacturing adaptability construct. The final measure of logistics
flexibility is the ability to move product around global storage facilities. This captures the organization's ability
to relocate product based on changing global market demands.

1.4.5 Information Technology Flexibility

In a special issue on Global Supply Chain Management, Lee and Ng (1997) Mention Three Types of Flow
through a Supply Chain:

e Material;

e Finance;
and

e Information.

Katayama and Bennett (1999) Label Three Different Activities Within a Manufacturing Business Unit as being
related to agility; these activities are using Integrating Information Systems within Manufacturing and
Integrating Information Systems Across Functions Within the Business Unit. We Define Information
Technology Flexibility as the Ability of an Organization's Collective Information Technology System to Adapt
and Support Changing Requirements of the business with Respect To the Flexibility Dimensions of: Product
Development, Sourcing, Manufacturing, Logistics and as well as other Strategic Goals.

Although an organization may have IT, it May Not Recognize the Benefits of the technology Due to the Human
Factors such as C-level Commitment or Level of Open Communications within the organization (Powell and
Dent-Micallef, 1997).

Sethi and King (1994) Developed a Construct called CAPITA, Competitive Advantage Provided by and
Information Technology Application, which measures the Organisation’s Competitive Benefits Gained Through
the Use of a Single Information Technology Application. Li and Ye (1999) use Interactive Regression to Analyze
the Individual and Collective Effects of Information Technology (IT) Investment, Environmental, Strategic and
Management Factors on Performance.

Stratman and Roth (1999) propose a construct called Enterprise Resource Planning Competence in order to
study its Relationship with Performance; they propose that Higher IT Competence Provides Better Information
Faster to Aid Response to the Effects of Market Uncertainty.

Since the need for higher IT competence and higher Global Supply Chain Agility are both driven by higher
levels of uncertainty, we posit that higher IT flexibility supports higher levels of Global Supply Chain Agility.
Our construct of IT flexibility is also defined by range adaptability.
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The first item is the Percentage of the Global Supply Chain Directly Supported by the IT system; since IT
impacts global performance (Jeffrey James, 1999), the higher the percentage of the global supply chain
supported by IT, the higher its impact on performance.

The next four items Measure the Amount of Commonality of the IT systems used at the different locations for
each activity within a supply chain such as Product Development, Sourcing, Manufacturing and Logistics;
higher levels of commonality among IT systems supports worldwide transfer of knowledge between similar
functions within the supply chain. Palvia (1997) uses this item as a measure of his learning curve and
knowledge transfer construct.

Along the same thought pattern of first measure is the number of four flexibilities supported by IT; this reveals
if one activity, say product development, is not supported by IT when eighty percent of the entire supply chain
is considered to be supported by IT. The last item is the number of methods supported by IT to analyze the
global competitive environment.

Six items exist to measure the adaptability of IT flexibility; all refer to different levels of the ability of the IT
system to be adapted to changing requirements of the global supply chain. The first item is the overall ability
of the IT system to be modified per changing requirements. At a deeper level, the next few items look at the
ability of the IT system to be adapted to support new products, use of worldwide suppliers, new global
distribution channels, and new global manufacturing facilities.

1.4.6 Global Competitive Environment

An existing Construct of Competitive environment is adopted with some minor changes; the construct from
Tan, Kannan, Handfield, and Ghosh's article (1999) is chosen since it Exhibits Internal Consistency (Cronbach's
a equal to 0.803). Powell and Dent-Micallef's (1997) entry barrier construct is added as an additional measure
of the global competitive environment along with the number of worldwide competitors in the industry and
degree of difficulty to become the worldwide industry leader.

An Organization in an Industry with High Barriers to Entry and Few Competitors may be Successful with a
Lower Level of Global Supply Chain Agility. However, an organization in an Industry with Low Barriers to Entry
and Many Competitors Must Possess a Higher Level of Global Supply Chain Agility for Long Term



Competitiveness and Financial Success. If the degree of difficulty for becoming an industry leader is high, an
organization with higher global supply chain agility will have a better advantage to become the leader.

Item Measures of Global Competitive Environment
1 Time, Effort, Resources and Managerial Attention Required to Keep Pace with Global Competitors
2 Importance of Potential Global Competitors Reaction to Business Unit Announcements
3 Number of Competencies Required to Survive in the Global Industry
4 Amount of Time Spent in Analysing Major Global Competitors’ Strategies and Actions
5 Aggressiveness of Major Global Competitors
6 Overall Global Competitiveness of Associated Industry
7 Level of Barriers to Industry
8 Number of Worldwide Competitors in the Industry
9 Degree of Difficulty to Become the Worldwide Industry Leader

1.4.7 Global Supply Chain Agility

An Agile Organization has Both Structure and Processes Which Enable Fast and Fluid Changes to Provide
Customer-enriching Business Activities (Goldman, Nagel, and Preiss, 1994).

Since Flexibility is a Measure of the Organization's Ability to Adapt (Goldman, Nagel, and Preiss,1994) and
Agility is a Measure of the Time Required to Adapt; Flexibility Can Exist Without Agility BUT Agility CANNOT
Exist Without Flexibility.

The Global Supply Chain Agility Construct Includes Time and Cost Related Measures since Agility's purpose is
to Provide the Supply Chain with an Ability to Effectively Respond Quickly (Mason-Jones and Towill, 1999).
Many of these measures represent the speed of adaptability within the flexibility constructs. Other Measures
Capture the Speed to Pursue other Competitive Advantages such as Quality and Cost.

Item Measures of Global Supply Chain Agility
1 Effectiveness in Time and Cost to Reduce Manufacturing Lead-time
2 Effectiveness in Time and Cost to Change Global Manufacturing Capacity
3 Effectiveness in Time and Cost to Change Manufacturing’s Worldwide Process Capabilities
4 Effectiveness in Time and Cost to Change Global Workforce Capabilities
5 Effectiveness in Time and Cost to Manufacture New Products
6 Effectiveness in Time and Cost to Reduce Development Cycle Time
7 Number of Times an Innovative Product Was First into the Global Market
8 Effectiveness in Time and Cost to Reduce Delivery Time
9 Effectiveness in Time and Cost to Reduce Delivery Cost
10 Effectiveness in Time and Cost to Improve Product Quality
11 Effectiveness in Time and Cost to Reduce Product Cost
12 Effectiveness in Time and Cost to Change Worldwide Delivery Capacity




1.4.8 Supply Chain Performance

Several of Beamon's (1999) Supply Chain Performance Measures are used to Represent the Supply Chain
Performance Constructs.

An organization with Global Supply Chain Agility should have Faster Response Time; thus it should have
Shorter: Delivery Time, Supply Chain Cycle-time and Time-to-market. Also it would be Able to Respond Faster
to Demand thus having Higher Percent of: On-time deliveries, Lower Backorder-level, Fewer Out-of-stocks
and Higher Capacity Utilization. The items used to measure supply chain performance are shown below:

Item Measures of Global Supply Chain Performance
1 Average Lateness of Orders
2 Average Earliness of Orders
3 Percent of On-time Worldwide Deliveries
4 Average Global Backorder Level
5 Number of Worldwide Out-Of-Stock (OOS)
6 Order-to-Delivery Time
7 Manufacturing Lead-time
8 Average Global Supply Chain Cycle Time
9 Average Global Supply Chain Capacity Utilization
10 Time-to-Market, from NPD to Product Announcement / Launch phase

1.4.9 Global Competitive Performance

A number of constructs for Financial and Marketing Performance have been used in academic articles (Tan,
Kannan, Handfield, 1996; Smith and Reece, 1999; Hendricks and Singhal, 1997; Beamon, 1999; and Easton
and Jarrell, 1998).

The construct used by Tan, Kannan, and Handfield (1996) was chosen; the measures used comprehended:

Item Measures of Global Competitive Performance
1 Return on Global Assets (Percentage)
2 Global Market Share (Percentage)
3 Volume of Worldwide Sales (Euro’s)
4 Profit Margins (Percentage)
5 Global Operating Income (Euro’s)
6 Total Worldwide Cost / Total Worldwide Sales (Cost vs Sales Ratio)
7 Total Worldwide Sales / Total Global Number of Employees (Euro’s per Employee)
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