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Viewed from the perspective of history, supply chain has been around for a
long time. Even in prehistoric times, logistics was pressed into service in the
conduct of war. Many accounts of electronic commerce have tried to locate
the roots of commerce by discussing the famous Silk Route. Supply chain be-
gan to acquire immense significance in world history with the advent of capital-
ism and colonialism. The idea of international division of labour was systemati-
cally applied to obtain raw materials from the colonies to feed the factories of
the colonial masters, and to export manufactured goods to the colonies. Such a
canned version of history of supply chain management (SCM) serves as a gentle
introduction to illustrate the economic, political, societal and global significance
of SCM. Of course, the details of such impacts would not be the same today
with Internet-based SCM. But we believe that modern day SCM continues to
influence the economic and political landscape while it is shaped by the wide
array of forces known collectively as globalization. It is beyond the scope of
this short preface to do full justice to such big issue. Indeed, it will require many
volumes to provide the stage for the complexity and fascinating nature of the
topic to be revealed in its full glory.
What we set out to do here is much more modest. We want to contribute to this
interesting global phenomenon by collecting together in one volume well-re-
searched works that illuminate SCM issues in the e-business environment in
varying degrees of brightness and from various angles. This task is not easy,
for our call-for-paper has to complete with a host of high quality journals and
conferences. In order to select a meaningful theme, we begin by asking our-
selves what may be conceived as pretty distinctive in current SCM as opposed
to what was in good currency some years ago. Three observations come to
mind. First, it has often been noted that the e-business environment has brought
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about a new kind of competition. Instead of the traditional mode of firms com-
peting against firms, we have now supply chains competing against supply chains.
This has brought about a very complex and intriguing relationship between the
core firm of a supply chain and other members. Second, for those of us schooled
in the competitive model of Michael Porter, we cannot help but notice that in an
SCM environment, Porter’s competition represents only one side of the prover-
bial coin. In fact, the current business landscape has many stories of business
firms competing in one project and cooperating in another related project, and
they do so at the same time. Even more interesting is that certain members of
these firms are involved in both projects. The point suggested here is that Por-
ter is not so much wrong as incomplete. Third, the nature of competence has
changed. Traditionally, competence of a firm refers to its ability to produce
quality goods at low costs. What is in good currency today refers to a firm’s
ability to identify the right suppliers to execute a given activity in the value
chain, to organize such activities, and to manage its relationship with these
suppliers. It is with this new business landscape in background that we frame
the title of this book as Supply Chain Management: Issues in the New Era of
Collaboration and Competition.
The layout of this book is based on the four major aspects in SCM: impacts and
challenges, the role of the SCM participants, the implementation of channel
integration, and performance control and risks.

Section I: The Impacts and Challenges
of Supply Chain Management

Chapter I reviews the literature of SCM from several angles that can be the
basis of a proposed framework for the SCM knowledge within academic and
managerial contexts. By introducing the supply chain operations reference
(SCOR) model, which was developed by the Supply Chain Council and is
recognised as a diagnostic tool for SCM worldwide, the chapter identifies the
limitations of contemporary SCM design and implementation. This chapter sur-
veys the literature of performance control and risk issues in SCM and SCOR
model and discusses the proposed framework for the future research. This
chapter implies the needs of further investigation of the above areas, which
explains the layout of this book.
Chapter II is a preliminary investigation into the development barriers of a
virtual enterprise network in the Creative Digital Industries sector in South
Yorkshire, United Kingdom. The authors contend that the key factors in deliv-
ering an integrated virtual value chain are trust and the control of risk by taking
the concept of virtual organization as its theoretical basis. They have provided
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the evidence of the connection between trust and the control in the context. On
the one hand, the three dimensions—competence, integrity, and benevolence of
trust—were used by the small and medium enterprises (SMEs) in this study as
the criteria for choosing their business partners. On the other hand, risks such
as poaching, stealing, transaction-specific, information asymmetries, and loss
of resource control were confirmed by these SMEs as the main concerns that
led to their resistance to participation in a virtual value chain. They suggest that
managers should pay attention to trust building and the control of risks at all
stages while developing and participating  in a virtual value chain based on the
research result.
Chapter III  focuses on downstream information flows by interviewing six
major stakeholders in the meat supply chain of New Zealand to determine their
information needs and the information they provide to their downstream part-
ners. It is one of the few supply chain studies in the agricultural industry, which
is quite different from the service industry and manufacturing industry. Draw-
ing attention to the impact of livestock diseases, it details the various informa-
tion flows and information media used, identifies redundancies and deficien-
cies, and makes recommendations for improvements.
Chapter IV provides a framework to identify the issues related to how virtual
integration along the supply chain can affect the channel coordination. It sur-
veys the related supply chain integration literature, theoretical foundation, and
research frameworks and then develops the research hypotheses and a struc-
tural model. The model is tested with adequate research method and measure-
ment, followed by statistical data analysis in order to show the interrelation-
ships between influential factors. This study suggests that information and com-
munications technology (ICT)-enabled collaboration can be regarded as alter-
native governance mechanism, that is, virtual integration. With ICT-enabled
collaborative operation, execution, and process planning and control, virtual in-
tegration supports both value creation and transaction cost reduction. There-
fore, virtual integration is a particularly effective and useful governance mecha-
nism for integrating supply chain under the condition of significant asset speci-
ficity.

Section II: The Participants’ Roles in
Supply Chain Management

Chapter V analyzes the effects of increased transparency in supply chain and
business network. The chapter differentiates three levels of transparency: his-
tory transparency, operations transparency, and strategy transparency. Using
an example in the Dutch egg sector, the chapter shows how the role of the
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individual company changes in a supply chain and discusses the implications.
Though technology push makes transparency feasible and economically attrac-
tive, social-psychological barriers exist. A brief review of cases from several
continents shows that these barriers vary across cultures, depending on pre-
vailing attitudes towards relationships and authority. Transparency may run
counter to tradition, to trust and to entrepreneurial freedom in the supply chain,
but it also offers opportunities for creating supply chains that are profitable for
all participants. To grasp these requires vision on the part of those involved.
Chapter VI develops an integrated framework for global SCM as viewed from
the strategic aspects of small and medium-sized enterprise (SME) suppliers.
Primary consideration is given to characteristics of the integrated supply chain
and the necessity for adaptation in managing the supply chain in order to attain
competitive advantage. A review of the current literature and an analysis of the
supply chain in changing global markets emphasize the relative importance of
strategically managing the supply chain process given the limited resources of
the SMEs. Managing the supply chain through the development of market-
specific strategies allows an SME to be proactive as opposed to reactive in its
strategic planning, which can greatly benefit customer satisfaction levels and
thus enhance the performance of the firm.
Chapter VII explores novel ways of improving flexibility, responsiveness, and
competitiveness via strategic IT alliances among channel members in a supply
chain network. To gain competitiveness, firms have to constantly update their
operational strategies and IT through collaborative efforts of a “network” of
supply chain members rather than through the efforts of an individual firm. The
foci of the chapter are: (1) an overview of SCM issues and problems, (2) sup-
ply chain coordination and integration, (3) the latest IT applications for im-
proved supply chain performance and coordination, and (4) strategic IT alli-
ances.

Section III: Implementation of
Channel Integration

While the benefits of adopting inter-organisational supply chain management
(IOSCM) have been widely reported within industry, its adoption has been slow
and below industry expectations. There is lack of theory within the literature to
explain this problem in IOSCM initiatives adoption. Employing an inductive case-
study approach to theory building, Chapter VIII develops a process model that
captures the complexity of intra-industry interactions in the course of adoption
and argues for a normative path to achieve the increasing levels of integration
envisioned in IOSCM. The model proposes three sets of requirements that have
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to be met to achieve a certain level of integration: supply chain integration,
inter-organisational structures, and relationship intimacy. However, to achieve
the higher levels of integration, it is necessary to have mastered the lower
levels of integration demanded by earlier initiatives. This path dependence con-
stitutes a major barrier to adoption of more advanced IOSCM initiatives.
Good communication systems between organisations increase customer satis-
faction and relationship behaviour in SCM. However, not much is known about
the details of how information is used to manage relationships and coordinate
customers and suppliers. In earlier stages of the research, a dynamic model of
inter-organisational information management systems (IOIMS) and relation-
ships was developed. An evaluation of this model was based on a survey of
Australian food processors and a case study. Chapter IX also reports an evalu-
ation of a revised version of this model. A strategic oriented IOIMS was posi-
tively associated with IOIMS satisfaction, which was in turn positively associ-
ated with perceived current outcomes (satisfaction with performance, perceived
responsiveness, and strength of relationship trust). However, (attitudinal) com-
mitment to developing long-term customer/supplier relationships was not sig-
nificantly associated with the IOIMS, IOIMS satisfaction, or current outcomes.
Results were moderated by the nature of the business environment—power/
dependency, experience, and market uncertainty.
Chapter X reflects upon techniques that might facilitate improved strategic
decision making in an SCM environment. In particular, it presents the integra-
tion of a selection of techniques adapted from the soft systems methodology
(SSM). The results indicate that SSM techniques can complement existing SCM
decision-making tools. In particular, this chapter outlines a framework for inte-
grating some SSM techniques with approaches based upon the supply-chain
operations reference model.
To gain competitive advantages, e-enterprises need to integrate the entire lines
of business operations and critical business data with external supply chain
participants over the Web. However, this introduces significant security risks to
the organizations’ critical assets and infrastructures. Chapter XI reports a case
study of e-service security design and implementation at a leading U.S. com-
pany. It reviews security concerns and challenges in front-end e-business and
back-end supply chain operations. This is followed by an analysis of the company’s
e-service and its security problems. The case then presents an integrated e-
enterprise security methodology to guide the company toward meeting its secu-
rity needs. The results provide IT security professionals with practical steps
and sustainable solutions for tackling the unique security challenges arising in
an open, unbounded e-enterprise supply chain environment.



   xi

Section IV: Performance Control
and Risk Issues

Increasing strategic importance of logistics related processes demands higher
integration of performance management and SCM. Chapter XII goes beyond
existing work and develops an understanding of the issue of performance man-
agement from an SCM perspective. The aim is to understand how today’s manu-
facturing systems and processes could be measured and managed in the con-
text of the extended business—back through the supplier chain and forward
into the distribution and customer chain. The chapter’s major outcomes are a
clearer understanding of the concept of SCM through performance, and a pro-
cess for designing a supply chain performance measurement system.
Chapter XII introduces a game-theoretic approach to supply chain risk man-
agement. The study described focuses on the risk of a single supply chain member
defecting from common supply chain agreements, thereby jeopardizing the overall
supply chain performance. It introduces a manual supply chain game, by which
dynamic supply chain mechanisms can be simulated and further analyzed using
a game theoretic model. The model helps to identify externalities that nega-
tively impact supply chain efficiency. Incentives are necessary to overcome
these externalities in order to align supply chain objectives. The game theoretic
model, in connection with the supply chain game,  provides an informative basis
for the future development of incentives by which supply chains can be aligned
in order to reduce supply chain risks.
The oil and gas production in Norway is a challenging area for applying SCM to
solve complex problems. Since 2003, oil and gas (O&G) production business on
the Norwegian Continental Shelf entered a new development path, which is
described in Chapter XIV. Smart integrated IT-based operation is seen as the
way forward. It is intended to re-engineer the industry structure within the next
few years with new policies and practices establishing operational networks
and collaborative partnerships between O&G producers, and the service-sup-
port-supply market through active integration for effective and efficient man-
agement of offshore production assets. Adaptation of this approach is largely
stimulated by rapid development in application technology, large-scale informa-
tion and communication platforms, and the foreseen substantial commercial
benefits of well-integrated collaborative industry infrastructure. This is a novel
macro-scale program and the Norwegian O&G industry has already launched
major initiatives in this regard to realize its fully functional status by the year
2010. The sophisticated information and communication platform and onshore
support centres represent major Norwegian initiatives in this digital era.
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Chapter I

Implementing Supply
Chain Management in

the New Era:
A Replenishment

Framework for the Supply
Chain Operations
Reference Model

William Y. C. Wang, University of South Australia, Australia

Michael S. H. Heng, Universitas 21 Global, Singapore

Patrick Y. K. Chau, The University of Hong Kong, Hong Kong

Abstract

Combining with the collaborations between business customers and suppliers,
traditional purchasing and logistics functions have evolved into a broader
concept of materials and distribution management, namely, supply chain
management (SCM) (Tan, 2001). This chapter reviews the literature of SCM
from several paths that can be the basis of a proposed framework for SCM
within academic and managerial contexts. In addition, it includes the
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approaches of supply chain operations reference (SCOR) model, which
was developed by the Supply Chain Council and is recognised as a
diagnostic tool for SCM worldwide. This chapter also summarises the
literature of performance control and risk issues in SCM and the SCOR
Model and discusses a proposed framework for the future research.

Introduction

A supply chain is established when there is an integration of operations across
its constituent entities, namely, the suppliers, partners, and business customers
(Narasimhan & Mahapatra, 2004). It is an observation that individual firms
compete as integral parts of supply chains in the global markets. Moreover, the
evolution of information technology (IT) has particularly generated growing
attention on searching for ways to improve product quality, customer services,
and operation efficiency and remaining competitive by supply chain collabora-
tion. As noted by Strader, Lin, and Shaw (1999), “. . .there has been a general
movement towards organizing as partnerships between more specialised firms
or business units as IT enables the costs of coordination decrease” (p. 361),
implying the impact of IT and potential advances of supply chain management
(SCM). A number of researchers and practitioners have, therefore, devoted
their efforts to various approaches to manage the constituents and activities of
a supply chain since the early 1980s. Yet conceptually, the management of
supply chains has not been well organised or understood. Academia has
continuously highlighted the necessity for clear definitional constructs and
frameworks on SCM (Croom, Romano, & Giannakis, 2000; New & Mitropoulos,
1995; Saunders, 1997).
However, SCM research, which draws on industrial economics, information
systems, marketing, financing, logistics and interorganisational behaviour, has a
fragmented nature and lacks a universal model. Hence, what we set out to
construct in this chapter are the general theoretical and managerial domains of
SCM, thereby, attempting to contribute to the development of such discipline.
The literature is surveyed to identify the cognitive components of the current
subject, as it is a key question for any applied social research that concerns the
strategic approach taken to its mapping (Tranfield & Starkey, 1998).
Theoretical models are needed in order to inform the understanding of the supply
chain phenomena. An illustration of industrial dynamics in Forrester’s (1958)
model in fact instantiates the possibility of such applications that aid the
comprehension of material flows along the supply chain. Further, it has remark-
ably laid the foundation for subsequent advancement of supply chain analyses
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and understandings (e.g., Min & Zhou, 2002; New & Payne, 1995; Sterman,
1989; Towill, Naim, & Wilker, 1992). SCM is not only concerned with the
extraction of raw materials to their end of useful life, it also focuses on how firms
utilise their suppliers’ processes, technology, and capability to enhance sustain-
able competitive advantage (Farley, 1997). When all organisational entities along
the supply chain act coherently, operation effectiveness is achieved throughout
the systems of suppliers. Cooper, Ellram, Gardner, and Hawk (1997) advocate
such a concept, and further indicate that much of SCM literature is predicated
on the adoption and extension of extant theoretical concepts.
Our chapter is not so much a critical review of the literature as a taxonomy with
which to map the subsequent research. In this context, it is our intention to try
to provide a framework for conducting a project of supply chain management.
This chapter is organised into five sections corresponding to the initial idea of the
book layout. In the first section, the supply chain operations reference (SCOR)
model is introduced (SCC, 2001), underlying the common aspects and ap-
proaches, as it has gradually become a widely accepted standard of supply chain
management in industry from its initial launch in 1996. One of the goals in this
chapter is to identify the limitations of the SCOR Model and, therefore, to suggest
a framework and supply chain implementation. Aligning with the SCOR model,
we map the possible research areas by proposing a framework as a domain of
research in supply chain design and for the managerial concerns in a project of
supply chain management. The next section considers the bodies of literature
associated with the stakeholder theory and network theory in organisational
studies, which are applied to the interorganizational context (e.g., Premukumar,
2000; Rogers, 2004; Windsor, 1998). Then, we focus on the how to bridge the
gaps towards the integration of the supply chain. We further explain the elements
for facilitating transformation of the supply chain associated with business
processes, organisation structure, and performance control in the following
section. The chapter concludes with a summary with some conclusions that can
be drawn from the content in terms of moving towards a coherent approach to
supply chain management.

Finding the Supply Chain Challenges
with the SCOR Model

There is a profusion of literature related to the landscape of supply chain
management. Various aspects can be found as the constituents of this subject,
which leads to a confusion of meaning (New & Payne, 1995), thus causing
difficulty in laying out the scope and content of supply chain design. The term
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supply chain management has not only been associated with logistics activities
in the literature but also with the planning and control of materials and information
flows of an enterprise, both internally and externally. Additionally, strategic
issues, resources, interorganizational relationships, and even governmental
intervention have been addressed in extant studies (e.g., Thorelli, 1986; Wang &
Heng, 2004), and others discuss the effects of network externality (e.g., Gulati,
1999). These research domains are indeed relevant to the understanding of
supply chain context; however, in this chapter, we consider the direct challenges
that an enterprise may encounter in order to implement supply chain manage-
ment. Therefore, the issues in the subsequent discussion follow the logical
sequences of SCOR that have been widely adopted by industries such as AT&T,
Boeing, and ACER for supply chain diagnosis and design.

The Supply Chain Operations Reference Model

Developed in 1996, SCOR is a standard model of supply chain processes and is
used similarly to International Organization for Standardization (ISO) documents
for intra-enterprise processes. The SCOR model also builds on the concepts of
business process reengineering (BPR), performance measurement, and logistics
management by integrating these techniques into a configurable, cross-func-
tional framework. It is a model that links business processes, performance
indicators (metrics), and suggested actions (best practice and the features). It
was developed to be configurable and aggregates a series of hierarchical process
components that can be used as a common language for enterprises to describe
the supply chains and communicate with each other (Huang, Scheoran, &
Keskar, 2005; SCC, 2001).
The SCOR model follows a set of “top-down” procedures, commencing from the
corporate-level strategy that the procedures can help to identify thousands of
business activities inside an organisation and spanning across the boundaries of
the supply chain entities. The document of the SCOR model includes the
following elements as a communicative platform among enterprise owners,
project leaders, and corporate consultants of the supply chain planning activities:

• Standard descriptions of each business process along the supply chain that
are categorised as “Plan,” “Source,” “Make,” and “Delivery.” There are
also other two categories defining the product return as “Return”1 and the
supportive activities as “Enabler.”

• Key performance indicators (KPI) are defined and classified by the
attributes accompanying with each of the business processes; for example,
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“Total Source Cycle Time to Completion” is a KPI in the attribute of
“Supply Chain Responsiveness” of Source activities.

• Best practices are brought up in the SCOR model as recommendations if
the diagnosis of certain processes by KPI shows the necessity for
improvement.

• Identification of the associative software functionalities that can enable the
best practices for business processes reengineering.

This SCOR model consists of four levels as the analytical stages leading to the
implementation of an effective SCM strategy. The five distinct business pro-
cesses, Plan, Source, Make, Deliver, and Return, are within the Level 1 stage and
should be further decomposed into processes categories pending on the activities
involved. Hence, Level 2 defines the core process categories that can be found
in an actual and idealised supply chain around an enterprise. For example, the
“source” category includes “source stocked products,” “source made-to-order
(MTO) products,” and “source engineered-to-order (ETO) products” (Table 1).
These different types of channel activities derive from the three major customer
demands. Making stocked products corresponds to the situation of unknown
demand quantities and expects easily procurement of the raw materials, while
making MTO and ETO products requires the accuracy of demand forecasting
and transparent market estimation.
Because of the customer-oriented nature, the delivery processes actually affects
the associated Make and Source activities, and hence the SCOR model spans at
least the interactions of information and material flows from the understanding
of aggregate demand to the fulfillment of each order. To portrait the business

Table 1. Supply chain activities based on SCOR level 1 & 2 (Adapted from
SCC, 2001)

Plan Source Make Deliver 
P1 Plan Supply 

Chain 
S1 Source Stocked 

Product 
M1 Make-to-Stock D1 Deliver Stocked 

Product 

P2 Plan Source 

P3 Plan Make 
S2 Source MTO 

Product 
M2 Make-to-Order D2 Deliver MTO 

Product 

P4 Plan Deliver S3 Source ETO 
Product 

M3 Engineering-to-Order D3 Deliver ETO 
Product 

Source Return Deliver Return 
SR1 SR2 SR3 DR1 DR2 DR3 

R1: Return Defective 
Product 

R2: Return MRO Product R3: Return Excess Product 
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processes by recording down the Level 1 and Level 2 activities of current supply
chain is also called “As-Is” stage, which requires the project team to canvas the
business environment of an enterprise that should normally include two ties from
the core firm (the centre of a supply chain, definition can be seen in Banerji &
Sambharya, 1998, and Wang & Heng, 2002), that is, “the customer’s customer”
and the “supplier’s supplier.”
To begin with, it suggests an analysis to prepare the Level 1 document as to
geographical context so as to reveal the transportation costs and trading
relationships between the legal entities. Then, the diagram at Level 2 can be
developed to describe the information flows of forecasts/orders and the material
flow with the types of goods produced and delivered by connecting the business
processes involved. Software has recently been developed to computerise the
SCOR elements in enacting the interrelations of the processes, for example,
ScorWizard, IBS Business Intelligence (BI), and i2 Enterprise Resource Plan-
ning (ERP) solutions. These are relatively helpful in simulating different sce-
narios based on the business strategies.
The SCOR model at Level 1 and Level 2 reveals the supply chain in a simplified
way, thus enhancing its overall flexibility (Huang et al., 2005). Level 3 represents
the decomposition of Level 2 processes in an interrelated way. For instance,
there are four Level 3 components decomposed from P1 (Plan Supply Chain),
as shown in Figure 1:

• P1.1 – identify, prioritize, and aggregate production requirements
• P1.2 – identify, assess, and aggregate supply chain resources
• P1.3 – balance supply chain resources with supply chain requirements
• P1.4 – establish and communicate supply chain plans

To accomplish the Level 3 activities, the “To-Be” (future) processes model is
developed to support strategic objectives that should work within the new supply
chain configuration at Level 2. At this level, all SCOR processes are
interconnectively designed and running as an operation cycle of planning,
execution, and enabling by certain frequency. The supply chain components at
Level 4 are acting as the work statement that is expected to be set up by the
project team without standardised documents. Eventually, the completed four
levels become the guidelines for implementing supply chain management.
The SCOR model has become a topical issue, attracting not only the interest of
enterprises themselves, but of industrial associations and government. Contrary
to the industrial emphasis, there is a scarcity of academic literature regarding the
application, adoption, benefits, and limitations of SCOR model, except for very
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few reports such as Huang et al. (2005) and Wang, Ho, and Chau (2005). The
aspects of the framework that are of interests for further study in the literature
are discussed in the subsequent sections.

The Participants’ Role in
Supply Chain Management

When configuring a supply chain, it is necessary to identify who the stakeholders
within the channel context are. However, an inclusion of all potential partners
might complicate the analysis of the complete supply chain, since it may explode
the number of partners added from one tier to another (Cooper et al., 1997; Min
& Zhou, 2002). The key is to target the supply chain entities that are critical to

Figure 1. The “top-down” approach in implementing the SCOR model
(Adapted from SCC, 2001)
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the value-added processes and are manageable by the core firm, that is, the
centre of a supply chain targeted and is influential and powerful to its affiliate
firms (Banerji & Sambharya, 1998; Wang & Heng, 2002).
As noted by Lambert, Cooper, and Pagh (1998), marketing research has
contributed to identifying the members in a supply chain context, describing the
needs for channel coordination, and drawing a marketing network. There are
also studies with similar aspects from the area of strategic alliances and business
network (e.g., Liu & Brookfield 2000) that are concerned about the germination
of channel structure and participants. Lambert et al. (1998) further claim that the
extant literature has not built on early contributions to put an emphasis on the
complete supply chain from suppliers, manufacturers, distributors, and product
brand owners. Indeed, one of the major weaknesses of SCM literature is the
assumption that everyone knows the participants within the scope of SCM.
In a complete supply chain, there are primary stakeholders of SCM who actually
perform operational and managerial activities in the channel processes and
secondary stakeholders playing the roles of supporting entities such as the banks
and freighters (Lambert et al., 1998). Although such classification may not be
clear in all cases, it helps to identify the key customers who trigger the supply
chain flows from demands and the major suppliers for value-added activities.
From this starting point, the current SCOR model that only spans two tiers of the
core firm becomes insufficient for analytical purpose, since the channel structure
is quite often not a linear type and the supporting participants are not included in
the analysing scope of the SCOR model.
Understanding the structural dimension of supply chains is a prerequisite for
analysing and configuring the process links among channel members (Min &
Zhou, 2002). The supply chain is derived from the interrelationships of its
stakeholders that actually cause a multidimensional structure. Lambert et al.’s
(1998) supply chain network indicates that there are two structural dimensions:
horizontal and vertical, as shown in Figure 2. The horizontal structure represents
the numbers of tiers along the analytical scope of a supply chain, and the vertical
structure represents the number of partners within each tier.
Based on such aspect, a change of channel partners will alter the dimension of
the supply chain. For example, the horizontal spectrum may become narrower
when some entities merge with others. Outsourcing decisions may further
change the scope and structure of supply network. In fact, some outsourcing
firms can form various network formations other than the tier structure, such as
rings, stars, or fans (Liu & Brookfield, 2000; Wang & Heng, 2002). The shifting
of the supply chain scope (or, in some literature, the boundaries of the business
network), which is normally caused by the strategic moves toward channel
partners, eventually affects existing design and current managerial performance
of SCM. A recent example is the case of the ACER Group which is associated
with the shifting of channel structure that is reported by Wang and Ho (2005).
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Despite a delicate design and implementation of global SCM and ERP systems,
the ACER Group has suffered from a low retention rate of IT professionals of
ERP systems and a lack of patterns for business processes reallocation in new
manufacturing bases. These challenges are actually due to insufficient ante-
consideration of potential business reallocation. When a sudden rundown
occurred at several subordinates with reduced production volume in The
Philippines and operation scale in Canada, it was somehow too late to adjust the
plans of SCM. Therefore, it is necessary to identify the proper scope for a SCM
project with the entities involved and then determine which aspects (e.g.,
geographical ranges and time period) of the supply chain network should be
configured (Min & Zhou, 2002). Comparing the SCOR model, there are at least
three limitations that can be found; they are:

• SCOR can only present business flow in between legal or geographical
entities, not any matrix organisational structure or the concept of “virtual
enterprise”.

• SCOR is limited to the presentation of one single supply chain, while most
enterprises may be associated with multiple channels of markets and
products.

• The activities of collaborative design and customer relationships manage-
ment are not defined in SCOR.

Figure 2. Supply chain network structure
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In brief, modeling a supply chain requires the analysis of relationships among
channel participants and the structures formed. Thus, a clear picture for defining
the scope of a SCM project can be presented. Moreover, these processes may
connect multitiered supply chains as the core firm is actively involved in tier one
and a number of other links beyond it. The direct involvement of a core firm may
not only allocate physical resources but also interorganizational powers, technol-
ogy, and knowhow to its trading partners. There is also indirect involvement from
non-integral parts of the supply chain structure, but it can influence the
operations of channel participants. Those different characteristics of trading
relationships affect the firms’ decisions regarding resource allocation that lead
to the concerns in supply chain configuration.

Implementation of Channel Integration

The Transformation toward the “To-Be” Stage

Subsequent to the right analysis and design of supply chain management, this
section discusses issues in the implementation of SCM. Using the terminology of
the SCOR model, it is the “To-Be” stage. Figure 3 shows the most common goals
and components of the transformation that involves human factors, business
processes, and the technology, so as to build up a unified order desk, purchasing
channels, delivery tracking, and so on, for the support of supply chain decision.
Although the SCOR model is a widely adopted industrial standard—and possibly
the only one—it has not successfully addressed a transforming framework from
the stages of “As-Is” to “To-Be” for SCM projects. In particular, it merely
handles the components of business processes and technology without tackling
any social factors or human issues.
The previous section has portrayed the “top-down” approaches by utilising
SCOR model as a standard. That approach requires the team of a SCM project
to lay out existing business processes and use the suggested SCOR metrics to
diagnose current problems for the implementation of ideal SCM. At least the
Level 1 and Level 2 business processes should be confirmed so that hundreds of
metrics can be then applied to measure the current operation excellence along
the specific supply chain, such as “day of inventory” (Level 2) in the category
of cash-to-cash cycle time (Level 1) and “supplier on time and in full delivery”
(Level 2) in the category of delivery performance (Level 1). The step of
measuring KPI of the supply chain activities belongs to the second stage of
SCOR, namely “gap analysis,” which underpins the design of “To-Be” pro-
cesses. In other words, the differences between current status and ideal
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performance are actually the opportunities for improvement based on the
expectation of target firms and on the comparison with competitors.
Nevertheless, such a way of bridging the gap between “As-Is” and “To-Be”
might not be applicable to many circumstances. There are at least two reasons,
as discussed below. First, the KPI analysis, which depends on recording
operation outcomes, is actually a measuring tool from a basis of productivity,
efficiency, and profitability. There is a myth that the figures of operation
excellence and actual responsibility can and should be combined in an ideal
business situation. However, it is clear that they are at least partially contradic-
tory.
First, on the one hand, the business units within a supply chain must try to achieve
operation excellence for survival, and each of the enterprises has the pressure
and duty to earn a higher return on its shareholders’ equity than occurred before
the SCM project. The KPI figures that are made create trust on the part of
investors and are usually reflected in short-term operation efficiency, making it
easier to project to an image of corporate success. These indicators are not only
a sort of management result, but also a source of enterprise competitive health
and wealth at a supply chain context.
On the other hand, supply chain participants are networks of parties that work
together by trading relationships toward both a shared goal and individual
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Figure 3. The components of implementing SCM projects from As-Is to To-Be
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interests without being merely economic machines. Although an SCM initiator
(mostly the core firms) represents a major role of the value of channel
participants, it does not necessarily have enough power to force its partners to
follow the integration contents. Likewise, it is also important for trust to develop
between the SCM initiator and its external partners and other interest groups.
Such trust can only be built up from ensuring that the perceived value of all
entities and stakeholders along the supply chain are taken into account. How-
ever, it may be difficult to have a unique standard of KPI measurement across
the boundaries of enterprises.
Second, the KPI of SCOR is not always available in the SCM initiator, particular
when it involves the sharing of interorganizational information. It may be caused
by lack of information readiness in other trading partners (Iacovou, Benbasat, &
Dexter, 1995; Lee, Clark, & Tam, 1999; Wang et al., 2005). For instance, the
calculation for the indicator of “Complete Manufacture to Order Ready for
Shipment Time” might need the information of several tiers of suppliers and
collaborative manufacturers, since there are usually several working segments
before the delivery of final products. As such, the SCM initiator must gather
operation information from various suppliers in time for a precise estimation of
this KPI. Unfortunately, in the brick-and-mortar world, it is not easy to ensure
equal systems readiness between an SCM initiator and its trading partners, albeit
even the headquarter may find it difficult to obtain confidential information from
its subordinators because their interests are potentially contradictory.
Last but not the least, KPI analysis has a limitation in corresponding to the
strategic choices. For example, a SCM initiator may consider “Perfect Order
Fulfil Rate” to be the most important target in the very beginning, when the
distributors have equal or much more power than it does. This occurs in the
supply chain of the Taiwanese IT industry (e.g., Wistron, Accton, and Asus);
many of them initiate their projects of global logistics management with the major
players such as Dell and IBM. They have to give in to the benefits of reducing
inventory level for channel competency. Only when they ensure the higher
bargain power with their customers would they adjust the ratio of some KPI
evaluations along the supply chain.

Major Approaches of the Transformation

In a matrix of two-dimensional content analysis, Croom et al. (2000) highlight
four major categories of supply chain elements for trading exchanges by
summarising the extant literature. These categories are assets, information,
knowledge, and relationships. In Croom et al.’s (2000) framework, SCM
elements are further divided into three levels of dyadic, chain, and network
forms. These elements are much richer than those defined in the SCOR model,
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which are very limited in the categories of assets and information and still less
than the two-dimensional framework just mentioned. For example, SCOR does
not include the analysis of total cost ownership (asset), business network
redesign (information), human resource planning (knowledge), or trust/power/
commitment (relationship). However, there is, in particular, a scarcity of
research on knowledge elements for SCM that lead to their unclear and
inconsistent presence in the literature. The few examples are the subjects of
knowledge with time-based capabilities in production activities (Handfield &
Nichols, 1999) and configure-to-order for customised sales (Ton & Liao, 2002).
The last category of Croom et al.’s (2000) framework is associated with “soft”
elements, since relationship is a social tie existing among the supply chain
entities. Although there have not been any widely accepted methods in industry
(nor in SCOR) for managing the supply chain relationships, some scholars have
considered it to be the most important figure in SCM. For example, Handfield and
Nichols (1999) indicate that the efforts of other elements for implementing SCM
in managing the flows of information and materials are likely to be unsuccessful
if there is not a solid foundation of effective relationships in the channel context.
In order to mark up the insufficiency of the SCOR model and to map the Croom
et al.’s (2000) elements, we propose a method in bridging current gaps for the
SCM transformation processes. As shown in Figure 4, there are four major
approaches, namely, KPI analysis, problem/opportunities analysis, expectation/
constraints, and the experts’ opinions, which can be amended to the SCOR model
as explained next.

Figure 4. Bridging the gap of the supply chain transformation
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• KPI analysis: This approach follows the typical “top-down” SCOR
analytical processes and is relevant when most operation figures are
recorded and updated regularly. Since it requires information across the
boundaries of firms, the SCM adopters may often encounter difficulties by
merely using such an approach. It is even true in the situation in which most
channel participants are subordinates or in joint ventures of a particular
adopter because of unequal readiness of IT infrastructure or conflictions of
management interests.

• Problem/opportunity analysis: When identifying the processes “gaps”
by KPI information becomes less achievable, it is possible to find out the
existing problems and difficulties by interviewing the employees from both
upstream and downstream of the supply chain. Contrary to the KPI analysis
that starts by enacting the supply chain strategy and comparing existing
performance and the targets, problem/opportunity analysis is rather a
“bottom-up” approach. It is suggested that the SCM project participants
record various feedback and then map them into the different levels of
SCOR processes. For instance, the KPI of “day sales receivable outstand-
ing” in the Delivery element of SCOR Level 2 is related to the processes
performance of the sales department. The same goal of identifying the
SCM gaps can thus be achieved by directly finding problem/opportunity
through individual interviewing and observation.

• Expectation/constraint: One of the successful key factors in implement-
ing an SCM project is the participants’ attitude with commitment to
collaborative improvements. It will affect the information gathering for KPI
and problem analyses and the subsequent actions for supply chain modifi-
cation that is sometimes accompanied by the adjustment of existing benefits
among channel members. For example, the delivery routes, supply chain
policies of pricing and return of goods, and requirements of forecasting
between buyers-suppliers may be altered after the SCM implementation. It
is, therefore, necessary to find out the expectations/constraints of channel
participants so as to avoid the potential conflictions among supply chain
entities.

Another example is that examining the demand management processes of the
SCM initiator might lead to a tentative solution of implementing collaborative
planning, forecasting and replenishment (CPFR) systems as suggested by SCOR
model. However, doing so might require the adoption of new IT infrastructures
and cause changes to the existing demand management processes in some of the
suppliers. It is inevitable that  compromises will have to be made in order for the
transformation to happen in upstream and downstream of a supply chain. There
are a few points should be considered when identifying the expectations and
constraints of the supply chain stakeholders:
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• Enterprise as a participant in a business ecosystem and supply network
• Cluster of firms that gradually evolves as a group—the coevolution effects
• Gradual development of shared vision—centred around a product or

product group
• Further, the role of clusters in competitiveness

The experts’ experiences/communication: The last approach for the supply
chain transformation is to adopt an expert opinion from a third party. A SCM
project covers the areas of channel collaboration in material management,
production planning, sales/distribution, quality control, assets management, and
cost controlling, and requires the knowledge of a business processes enabler,
such as the adoption of information systems. Acquiring expert opinions is vital
to the successfulness of any SCM project, not only because of the need for the
above expertise, but also in the pre-selection adoption methods, business
processes design, training, and customised IT systems. That means, most likely,
that firms have to get the help of consulting companies to enact the proper
adoption methods and learn from others’ successful experiences. Nevertheless,
the SCM project owners have to interact with outside consultants who are not
always familiar with the “know-how” of a particular industrial context.
Quanta Computer Inc., one of the major players in the IT industry of global
market, has a sales volume of USD 10 billion in 2004. Its implementation of SCM
has become a legendary story in the Taiwanese IT industry, as Quanta Computer
Inc. accomplished the supply chain processes redesign with its trading partners
and established its ERP systems (a modified version of SAP) in only half a year.
It is a monumental SCM implementation project, not only because of such a short
period of time, but also because of the success of building up the global supply
network to dramatically achieve the target of cost cutting through low-level
inventories. An interesting thing was, although the consultants for the SCM
project of Quanta Computer Inc. had a strong background in SAP systems, only
the project manager was initially conversant with the production line of IT
products. Communication and exchange of ideas thus played a significant role
before the commencement of SCM adoption. In addition, Quanta Computer Inc.
and its trading partners have cooperated with consultants from various global
regions throughout the adoption period.
In short, the transformation of existing supply chain processes and structure
relies on identifying the gaps and opportunities for improvement. Both “top-
down” and “bottom-up” approaches are keys to the success of supply chain
configuration now and in the future. Moreover, it is necessary to discreetly
survey the stakeholders’ expectations from the standpoint of various supply
chain entities in order to ensure substantial benefits and learn from the anatomy
of successful/failed cases via the experiences of the experts from the third party.
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Combining the Performance Control into SCOR
Analysis

The important leverage gained from the supply chain integration is the mitigation
of risk by certain control (Min & Zhou, 2002). It is generally believed that the
implementation of an SCM project consumes considerable resources of human
labour, materials, and time. It will definitely have an impact on the enterprise and
its trading partners. Therefore, a part of reasonable performance control is to
ensure that the supply chain operates right on track.
For such consideration, there are hundreds of KPI (metrics) mapping the levels
of business processes defined in the SCOR model. Whether the KPI information
of the supply chain entities is available for calculation or not, it is possible to find
out the existing problems and difficulties of supply chain configuration, as
suggested in previous section. The recorded “As-Is” process, as illustrated in
Figure 5, can be labelled in the format of normal flowchart.
Then, each of the codified processes should be analysed by a set of SIPOC
diagrams (Pyzdek, 2003), which were originally used as quality control tools and
can detail the information deliver (supplier), data sent (input), data generated
(output), and information receiver (customer) for the purpose of systems
development. This instrument allows us to see the opportunities for improving

Figure 5. Example of current processses coding in the flowchart
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current communication interfaces among departments and trading partners. The
previously identified “gaps” should be then codified, grouped, and prioritised,
since some of them may cause similar problems, affect related business
processes and supply chain entities, or be overcome by integrated solutions. The
grouped and prioritised “gaps” thus become the basis for creating “To-Be”
scenarios that are associated with the adjustment of corporate policies, organisation
structures, business flows, and information systems.
As previously discussed, most of the KPI items are naturally related to existing
business processes because of their formulas for calculation. For instance, the
KPI “day sales receivable outstanding” in the D element of SCOR Level 2 is
related to the processes performance of sales department. As most of the SCOR
metrics are related to the business processes of a single organisation, we
recommend an extended table to map the cross-functional channel activities for
performance monitoring encompassing the supply chain entities within the scope
of an SCM project.
Formulated in another way, the business processes can be divided into two
types—the planing and coordinating activities owned by the supply chain group
and the operational activities of individual firms. Staff in the department of
procurement in one firm might often play the role of directly and indirectly taking
care of the purchasing decisions of other collaborative participants in the supply

Table 2. The control panel of planning and decision-making activities

Collaborative activities Individual Supply Chain Entities  

Business 
Processes 

SCOR 
Code 

‘To-Be’ SCOR KPI Core 
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Current Business 
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Supply 
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P2 V V   

Plan Making P3 V  V V 
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Delivering 
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managers’ 
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V V   
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‘As-Is’ analysis 
and should be 

mapped into the 
planning 

processes. 

 Notes: The level 3 SCOR code and the related departments of each supply chain entities should be
shown on a real control panel. They are omitted in this table because of consideration of simplicity.
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chain structure. The supply chain coordinating team may also negotiate with the
customers’ team to manage the suppliers’ inventory level (Lambert & Pohlen,
2001). Ideally, it means that they should be evaluated both by the KPI of their
original firms and the KPI of the suppliers and customers, based on certain
percentages in order to monitor the two types of business processes. A control
panel is thus generated in Table 2 for designing the KPI measurement and
monitoring the supply chain performance.
Table 2 is an example of the control panel for planning and decision-making
activities that maps the existing processes and “To-Be” processes in a project
with four companies. It entails the information of how to control the supply chain
functions across the boundaries of firms based on the selected KPI that are
predefined by the SCOR standard. More importantly, this table contains the
implications that the “gaps” between the current and future infrastructures of
information exchange might be overcome by combining the current business
processes codes that are embedded with SIPOC analyses and the responsible
supply chain entities. One of the benefits is, for example, this joint process-
metrics analysis of customer, supplier, and distributor will capture how the
repositioning of inventory control improves total supply chain performance,
whereas the information of inventory turns does not reflect any of the trade-offs
that occurred in the channel links (Lambert & Pohlen, 2001). Consequently, it
amends the insufficiency of using current SCOR metrics in the dyad and network
supply chain structure.

Conclusion

We have stated in the foregoing sections that SCM plays a role in influencing the
economic behaviour by the way business processes are managed. This, in itself,
is certainly a very significant point, as it influences the costs of inventory holding,
goods delivery, and manufacturing processes. In particular, it affects perfor-
mance in customer fulfillment and cash-to-cash cycling, which are vital to
enterprise survival (Garrison & Noreen, 2003). Achieving effectiveness of SCM
does not only rely on process tuning, but also just-in-time communication and
decision making through the enablers as performance measurement and infor-
mation systems. Despite its importance, however, there is not much literature on
the implementing framework, and most of the existing reports are individual case
studies (Croom et al., 2000).
The SCOR model has been the most widely adopted standard and may be the
only one for the analysis of SCM implementation. It has been modified several
times since its first announcement by the Supply Chain Council in 1996. There
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is yet another point deserving the attention of academia and practitioners,
namely, it is not a complete framework for implementation of an SCM project,
but merely a referential tool for assigning business processes and associated
factors of performance measures. It may actually be dysfunctional without
considering the stakeholders’ value/expectation and embedding the mutually
owned processes into performance measurement. Therefore, we have amended
its weakness by discussing the supply chain configuration and transformation and
the implementation procedures.
Future research is required to test the proposed framework in actual business
settings, including different industries and regions. Other barriers and limitations
to SCM implementation and how they shall be overcome need to be further
identified. These may consist of the demand up-size and down-size from order
changes, for example, emergent orders or order cancelling, and the calculation
of KPI for nonfinancial figures from the operation activities. To the extent that
similar difficulties and solutions are identified in various supply chain context, it
is possible that a refined framework can be developed for practitioners. Finally,
progress should be tracked over time to prove the long-term benefits derived
from implementing SCM based on such a framework.
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 Challenges and Impacts in the Surrounding 

As-Is Analysis  
The Participants’ Roles in the Channel Context 

To-Be Processes 
Implementation of Channel Integration 

Sustainable Operation 
Performance Control and Risk Issues 

Project Period 

Four Approaches 
Bridging the Supply Chain Transformation 

Figure 5. The sequence of SCM implementation
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Endnote

1 Addition to the processes introduced in this chapter, the Supply Chain
Council has recently announced DCOR and CCOR models to define the
design and customer service activities to amend SCOR model. Some
professionals have considered them to be part of the enablers of existing
SCOR processors.
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Chapter II

An Investigation into
the Barriers to

Introducing Virtual
Enterprise Networks

Angela Lin, University of Sheffield, UK

David Patterson, Business Link South Yorkshire, UK

Abstract

This chapter reports on a preliminary investigation into the barriers related
to the development of a virtual enterprise network in the creative digital
industries sector in South Yorkshire, United Kingdom. Based on the
concept of a virtual organization, it is argued that the key factors in
delivering an integrated virtual value chain are trust and the control of
risk. The connection between trust and the control of risk is demonstrated.
Trust can be examined along three dimensions: competence, integrity, and
benevolence. These dimensions of trust were used by the small and medium-
sized enterprises (SMEs) in this study as the criteria for choosing business
partners. Risks such as poaching, stealing, transaction-specific, information
asymmetries, and loss of resource control were confirmed by the SMEs as
the main sources of their resistance to participation in a virtual value chain.
It is proposed that managers should pay attention to trust building and the
control of risks at all stages of the development of a virtual value chain in
order to drive collaboration forward
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Introduction

Business Link South Yorkshire (BLSY) is a UK Government-funded organiza-
tion dedicated to the support of small and medium-sized enterprises (SMEs) in
South Yorkshire. The South Yorkshire region is currently undergoing a signifi-
cant economic reconstruction after the decline of the traditional coal and steel
industries during the 1980s. Prior to the 1980s, the coal and steel industries were
the main employers in the region, and they were typically nationalized and large
in size. This distinctive historical background is reflected not only in the fewer
number of SMEs in South Yorkshire than in the rest of the Yorkshire and
Humberside economic region but also in its significantly lower gross domestic
product (GDP) than the rest of the UK. Hence, South Yorkshire’s economic
redevelopment and reconstruction concentrates on fostering enterprise among
SMEs.
Within the scope of this regional redevelopment project, supply chain develop-
ment was identified as a key to improving the competitive profiles of SMEs in
South Yorkshire. BLSY was aware of the concept of the Virtual Enterprise
Network (VEN), developed by the regional development agency, Yorkshire
Forward. The aim of the VEN is to introduce new levels of collaboration among
businesses beyond the traditional “back-to-back” supply chain contracting
process and to encourage SMEs to join a VEN to tender for a large project and
deliver it jointly.
This chapter presents a preliminary study to identify the challenges of imple-
menting the concept of the virtual value chain in the creative and digital industry
in South Yorkshire and to draw some lessons for further development of virtual
supply chain management.
The organization of the chapter is as follows. The next section outlines the
theoretical assumptions of the concept of the VEN and introduces the compo-
nents of the model of the VEN developed by Yorkshire Forward. Then, the
research design of this work is described, followed by the data analysis. The
discussion section synthesizes and presents the findings. A concluding section
outlines the implications of the research for future research and practices.

Background

This section presents the framework of VEN developed by Yorkshire Forward
that is used by Business Link South Yorkshire to promote collaborative supply
chain management among local SMEs. The section briefly reviews the concept
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of the virtual organization upon which the VEN framework was built, and this is
followed by the introduction of the VEN framework.

Virtual Organization

The concept of a virtual organization emerged in the early 1990s to reflect the
needs for a new form of organization that is speedy, flexible, fluid, and able to
foster information and communication technologies (ICT) in order to face the
challenges imposed by an ever-faster changing business environment (e.g.,
greater competition and globalization, Itrona, 2001a). Despite the fact that the
concept of a virtual organization is much talked about both in academe and in
commerce, there is still no cohesive vision of what a virtual organization should
consist. The lack of a standard definition of the concept of a virtual organization
is perhaps due to the fact that there are different ways of interpreting the term
“virtual.”
Views of “virtuality” can be categorized into those that emphasize the manage-
ment changes supported by technology and those that emphasize technologies.
The former regards virtuality as the management or organizational capacity that
coordinates different groups of people or organizations to work together towards
a common goal in an ad hoc manner. Information and communications technol-
ogy advances this idea by providing tools and platforms to make coordination
easier. From the technological driven point of view of the virtual organization,
virtuality is about collaborating in distributed locations through computer-
mediated virtual platforms; that is, virtuality refers to the virtual reality in the
computing sense (Hughes, O’Brien, Randall, Rouncefield, & Tolmie, 1998).
From the organizational perspective (Venkatraman & Henderson, 1994, as
quoted in Sieber, 2001), virtuality is:

[…] the ability of the organization to consistently obtain and coordinate
critical competencies through its design of value-adding business processes
and governance mechanisms involving external and internal constituency
to deliver differential, superior value in the marketplace. (p. 251)

The description of the virtual organization given by Hughes et al. (1998) offers
a comprehensive definition that gives equal consideration to both the organiza-
tional and technological issues embedded in the concept.
These “virtual” organizational arrangements consist of networks of workers and
organizational units, linked by information and communication technologies,
which will flexibly coordinate their activities and combine their skills and
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resources in order to achieve common goals but without very much by way of
traditional hierarchical modes of central direction or supervision. Such arrange-
ments will form and reform as problems arise, so providing a flexibility of
response to changing circumstances and organizational needs.
The challenges of establishing the virtual organization include control and
supervision of work, awareness and coordination of the efforts, and trust and
collaboration. These challenges are magnified when one is building a virtual
organization at the industrial level.  This is because this type of virtual organiza-
tion may not have a definite and well-defined organizational boundary and
companies within it are loosely coupled. Often, the companies involved may see
that the “organization” is “out there” instead of feeling that they are part of the
organization (Pollock & Cornford, 2004); that is, companies may see the
organization as “them” and never “us,” and, as a result, the organization remains
“virtual” (Pollock & Cornford, 2004).
A virtual organization raises concerns about how the work and the quality of the
work produced by the companies involved can be controlled and supervised. It
also raises the issue of what mechanisms would need to be in place to raise the
members’ awareness of which work tasks are ready and made available to
others, and to coordinate the efforts of different members in order to ensure that
separate activities and tasks come to have coherence (Hughes et al., 1998). In
order to work together, companies are required to share information and to an
extent make their internal processes transparent to other members (Hart &
Saunders, 1997). This inevitably raises the question of corporate privacy and
business confidentiality.

Barriers to Virtual Organizations

It is noted that there are a number of barriers to forming virtual organizations and
to making virtual organizations work effectively.  The two significant barriers—
trust and risk—will be outlined in this section.

Trust

A virtual organization such as a virtual supply chain transcends conventional
organizational boundaries to bind participants together on a temporary basis. A
virtual organization encompasses various business interests and operations,
organizational cultures and contexts, and business and social networks. Hence,
by default, a virtual organization embraces uncertainties and risks caused by the
conflicting interests that exist among its participants. “Trust is the foundation
upon which commerce is built, and in the virtual world it may be the fuel for the
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locomotion” (Tang et al., 2003, p. 342). Trust can be defined as “the willingness
of a party to be vulnerable to the actions of another party based on the
expectation that the other will perform a particular action to the trust or,
irrespective of ability, to monitor or control that other party” (Mayer, Davis, &
Schoorman, 1995).
Generally speaking, trust can be examined in three dimensions: (1) competence,
(2) integrity, and (3) benevolence (Chen & Dhillon, 2003, Gefen & Silver, 1999,
Hart & Saunders, 1997) (Table 1). Through its continual development, a trustful
relationship changes over time from initiating, developing, building, and maintain-
ing, to declining. Conditions that influence the development of such relationships
include individuals’ propensity for risk, the cost of failure, and past experience
(Chen & Dhillon, 2003; Introna, 2001b).
If, as described, “trust is a social capital that may need a significant reciprocal
social investment from the partners” (Introna, 2001b, p. 270), a virtual organiza-
tion that emphasizes speedy, flexible, and temporary is obviously against this
principle.  A virtual organization requires cooperation and coordination between
different parties. Trust acts as a foundation for such cooperation and coordina-
tion. Trust is also an indicator that can be used to assess and predict the future
behavior of other parties in order to reduce the uncertainties and risks inherent
in the business relationship. As suggested, trust can act to reduce ambiguities and
uncertainties in business relationships so that cooperation and coordination can
take place.
Trust is not always developed from scratch (McKnight, Cummings, & Chervany,
1998). It is suggested that trustworthiness, which is a belief that comes before
trust, will determine how willing participants are to commit to developing a

Table 1. Summary of trust dimensions

Trust dimension Description 

Competence A company has the ability to deliver its promises to clients. 

Integrity A company acts in a consistent, reliable, and honest manner 
when delivering on its commitments. 

Benevolence A company has its ‘heart’ in right place and puts its clients’ 
interests ahead of its own. 

 



28   Lin & Patterson

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

relationship. Trustworthiness is formed on the basis of the participants’ initial
encounters with each other, institutional expectations of how each other should
and will behave, and preexisting dispositions. It is then argued that initial
trustworthiness has a direct, positive relationship with early trust building
(Jarvenpaa, Shaw, & Staples, 2004).

Risk

As outlined in the above discussion, risks are embedded in any interorganizational
relationships. Two types of risks associated with the virtual organization are
covered here: (1) risks in pooled information resources, and (2) risks in value/
supply-chain (Kumar & Dissel, 1996, p. 291) (Table 2). The risks associated with
pooled information resources include poaching and stealing. Poaching occurs
when commonly held resources are diverted by participants for their own private
use and private gain. Stealing occurs when participants are able to access
information about business partners’ customers and to deliberately entice
customers away from those partners.
The risks associated with value/supply chain can be examined from a transaction
perspective based on transaction cost theory. Transaction costs can be defined
as “the costs of managing the interaction while keeping the opportunistic

Table 2. Summary of risks

Risks Definition 

Risks in pooled 
information resources 

Poaching: commonly held resources are diverted by 
participants for their own private use and private gain. 

Stealing: previously private information is accessed by others 
for private gain. 

Risks in 
value/supply-chain 

Transaction specific: investment is specific to the project and 
cannot be reused in other projects. 

Information asymmetry: performance is difficult to monitor 
thereby encouraging opportunism among  participants. 

Loss of resource control: resource control is lost when 
resources are passed onto a next party. 
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behavior under control so that ongoing cooperation between the units can be
sustained” (Kumar & Dissel, 1996). Transaction risk refers to the risks
associated with exposure to being exploited in the relationship (Kumar & Dissel,
1996). Three kinds of transaction risk are identified: transaction specific,
information asymmetric, and loss of resource control (Clemons & Row, 1992).
Transaction-specific risk occurs when the investments (e.g., capital) in the
project cannot be used elsewhere; that is, where the investments are not
reusable, portable, or compatible.  Information-asymmetric risk refers to the risk
caused by the fact that performance by the participants is difficult to monitor,
thereby increasing performance shirking by opportunists at the expense of
others. Loss of resource control occurs when resources are transferred between
different parties as part of the relationship. There are two types of resources
subject to loss of control; one is the physical resources that one party relies on
others to supply in order to accomplish the work, and the other is the intellectual
property, such as knowhow and information, which  is unique to the party.
Risks are inevitable in the virtual organizations. This is because the ties between
the participants are not always close and the chance of opportunism taking place
is greater. Thus, the importance of trust building becomes significant when risks
are perceived by the participants of the virtual organization.

Virtual Enterprise Network by
the Business Link South Yorkshire

Building upon the concept of the virtual organization, a framework for a VEN is
a conceptual model that outlines the strategies that government agencies and
SMEs can take to create virtual organizations among themselves to work
towards a common goal. There are two main parts to the VEN framework. One
focuses on the development to form the basis of the virtual organization, and the
other focuses on the levels of virtual supply chain development. The underlying
assumption of the VEN model is that the assembling of a virtual enterprise will
achieve resource efficiency, market efficiency, and process efficiency. These
efficiency objectives can be achieved through mechanisms that develop relation-
ships between companies. These mechanisms include: networking, special
interest groups, one-to-one trading, recommending suppliers, nominating suppli-
ers, and partnering.

• Networking: This is perhaps the first step towards virtuality as it aims to
bring businesses into contact with other businesses in the same sector. It
is believed that the knowledge of and relationships with other businesses
through networking will be the foundation of a VEN.
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• Special interest groups (SIGs): It is to believe that special interest
groups will emerge from the initial networking. The SIGs have typically
become “industry-led” with companies taking the initiative in developing
the group. These groups have typically focused on common technical issues
faced by businesses.

• One-to-one trading: This is often the desired outcome of the networking
and special interest groups. It is also a critical step to establishing a long-
term relationship.

• Recommending suppliers: This reflects whether a company prepares to
recommend other business(es) to its business associates to form a larger
network.

• Nominating suppliers: This reflects the willingness of a company to
nominate other supplier(s) to complete the job.

• Partnering: This is a network of strategic alliances. Partners in a virtual
enterprise network are mutually dependent and rely on each other to
achieve specific goal (e.g., a specific project).

It is worth noting that relationship development does not always reflect the
duration of the time businesses have known each other. In practice, it depends
on the business opportunity that is available as that may speed up the develop-
ment, for example, going from the stage of the networking directly to the stage
of the partnering.
The second part of the framework focuses on evaluating and measuring the type
of supply chain developed among businesses. There are four types of supply
chain recognized by the framework. These types can be categorized according
to the sophistication of the supply chain involved:

• Historical relationship-driven: The supply chain is formed on the basis
of businesses relationships with each other in the past.

• Price-driven: The supply chain is formed on the basis of a quote-driven
relationship(s), principally focused on a reduction in price against given
specifications.

• Best value-driven: The supply chain is formed on the basis of a
relationship that seeks to deliver additional benefits over and above those
of price, including metrics-based measurement of different suppliers’
performance.

• (Advanced) Supply Chain Management: The supply chain is formed on
the basis of the application of innovative techniques, such as just-in-time
(JIT), collaborative planning, forecasting and replenishment (CPFR), or the
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concept of an extended enterprise. This type of supply chain is formed in
order to deliver significant reductions in transaction costs, to improve
information exchange, and to reduce inventory levels.

BLSY is currently focusing its attention on the first part of framework, helping
to establish a range of face-to-face forums in order to create opportunities for
businesses to meet and form relationships. BLSY hopes that it is through such
relationship development opportunities that collaboration between businesses
will eventually take place.

Research Design

The overall aim of this study was to understand the mechanisms that SMEs in
the creative and digital industries use to develop their business networks and,
from there on, an integrated supply chain.
This research employed the case study approach to address challenges of
implementing the concept of the virtual enterprise network (VEN) in the creative
and digital industries sector within the South Yorkshire region. The creative and
digital industries sector was chosen for the study for two main reasons. First, the
sector is one of the business clusters that is thought to be a key to the regional
regeneration in South Yorkshire, and while the business community has seen a
wide range of networks and support organizations emerge within the sector in
recent years, anecdotal evidence suggests that the sector remains fragmented
in its supply chain development. Second, companies in the creative and digital
sector appear to be more interested in and willing to consider using a VEN
compared to those in more traditional sectors such as the advanced metals and
materials industry.
The data was collected through multiple sources of information. Background
knowledge of VEN was formed through participation in presentations and
meetings where the framework was developed by Yorkshire Forward. The
semi-structured interviews with some stakeholders, including a Business Link
South Yorkshire advisor and some local SMEs in the creative and digital sector,
were the main source of data. Interviews were designed to collect data on issues
such as how SMEs associate with other comparable businesses, how they go
about developing relationships with other businesses, what the issues are around
rivalry and collaboration with other businesses, and how SMEs in the sector go
about developing their supply chains. The questions were also asked with an
attempt to identify SMEs’ attitudes towards joining a VEN. A range of people
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in the creative and digital sector were contacted for interviews. Due to the
accessibility (i.e., the willingness and availability) of these individuals, a total
number of five interviews were carried out. Table 3 outlines the background of
the interviewees.
This is an exploratory case study; therefore, it adopted a categorical aggregation
data analysis approach (Stake, 1995) with which “the researcher seeks a
collection of instances from the data, hoping that issue-relevant meanings will
emerge” (Creswell, 1998, p. 154). As this study is interested in the challenges
of implementing VENs among the regional SMEs, the data analysis focused on
stakeholders’ attitudes towards and views of the VEN and the challenges that
the stakeholders expected to face when implementing the VEN framework.

Data Analysis

The analysis is organized under the two headings: (1) networks and (2) barriers
to VENs. Networks were identified by the SMEs as the major source of business
collaboration. Currently, SMEs rely on extension of the existing social networks
to form business partnerships. This, however, limits the scope of the network;
hence, the concept of building business networks through VENs was appealing
to some. The barriers identified by the SMEs to building a VEN or participating

Table 3. Summary of the interviews

Interviewees Company  The nature of the business 

Barker Ascension 
Design 

Web developer offers leading edge bespoke Web design 
and e-commerce solutions. 

Walker Metatek Technology consultancy business. Also acts as Technology 
director for a new business being launched. 

Vernon Epitomy Software development business provides Internet based 
parts catalogues and supply chain management solutions 
principally to the automotive industry. 

McEwen ACS (UK) 
Ltd 

Hardware and software reseller and ICT support business 
operating across the North of England 

Gilbert Business 
Link  

Adviser 
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in one were mainly associated with issues such as trust, risks, and ownership of
resources. The SMEs argued that until these issues can be solved there is always
going to be hesitation in taking a part in a VEN.

Networks

As with other business sectors, both formal and informal networks were valued
highly by SMEs in the digital and creative industries.  SME representatives
interviewed believed that having a good position in the right networks gave them
good access to resources and business opportunities. Three different types of
networks were identified as being used by SMEs to gain access to business
opportunities: social networks, business networks, and established public net-
works.
Social networks were said to be critical to all the SMEs in the study. These
networks provided SMEs with the initial contacts that enabled them to meet
potential clients and raise people’s awareness of their existence. The networks
were regarded as critical assets in the early stage of the establishment of the
businesses.

Initially I set up business as a sole trader, a friend of mine who had been
an IT contractor for years, took me under his wing as a mentor sort of thing.
Recently it has just been people who I am happy to come across. Very
recently, I began to get in touch with the South Yorkshire Digital Network
and talked to people there about what we do and then we sort of agreed to
keep in touch with each other. Basically, it is through people I formed
friendship with. (Interview with Barker at Ascension Design)

In order to maintain the networks and to establish reputation within the networks,
the SMEs then concentrated on making sure that the quality of their delivery
meets or even goes beyond their clients’ expectations.

If you have done a good job with one or two or three it is very nice because
you build the reputation. Even if you miss the boat on one, people realised
that you aren’t not doing your jobs or not good at getting the funding. It
is just really the case of that you cannot win them all. That is nice you
establish yourself within a network as someone who can deliver and knows
their business within that particular area. The network is extremely important
to me. (Interview with Walke at Metatek)
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However, the SMEs realised that simply relying on existing social as well as
business networks may not enable them to grow at the rate that they expected,
and, as such, they were willing and prepared to move away from an informal to
a more formal business setting. In addition, through cross networks networking,
businesses were able to crosscheck companies that had already been known to
them and to learn about other unfamiliar companies. Actively participating in the
networking forums and special interest groups initiated and organised by BLSY
is the evidence on one hand. On the other hand, the SMEs were keen on talking
to advisers in the BLSY or other similar organizations to seek for potential
opportunities.

It has been interesting to hear what people say about, obviously people
talking to people about what people do. […] I want to make sure that
businesses that I work with are certain body as well. The network is good
because you can actually get an idea about what people are like, it is quite
useful to listen to what people say and get a feel for that. (Interview with
Barker at Ascension Design)

Club UK Online (A BLSY managed project) is very useful; we collaborate
on projects where ACS cannot quite deliver everything, only perhaps 60%,
so we have to collaborate people in the network. (Interview with McEwen
at ACS [UK] Ltd)

Although the SMEs appreciated the size of each network they were counting on
the depth of each business relationship. That is, instead of developing close
relationships with other similar businesses horizontally, the SMEs in the study
preferred to develop close relationships vertically with their clients. As ex-
plained, having good relationships with clients could often lead to other long-term
contracts and opportunities to be recommended to other companies by the
current clients. For example, the interviewee from Ascension Design said:

[…] because the relationship that we have there [the name of the company]
we know unless that we really have to mess up the relationship before they
could somewhere else. So again, that is the way we work with people, and
the organizations are pretty confident with our work. (Interview with Barker
at Ascension Design)
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Barriers to VEN

The SMEs relied on networking as a tool to establish contacts, and most of them
admitted that they would not commit themselves to a VEN unless they knew
what the commitments and benefits were in advance. The main concerns that
seem to influence the SMEs’ decision about joining a VEN and collaborating with
companies who are unknown to them to bid on large projects include: trust,
intellectual property right, and risks.

Trust
The aim of the VEN framework is to encourage companies that have specific
knowledge and capacity to work collectively to bid on and deliver large
projects that they would be unable to do on their own. It was, however,
pointed out during the interviews that a VEN would only work if there were
trust relationships among the companies working together and between
companies and the organization that manages the VEN. “Trust—that is
everything” (Interview with Walke at Metatek).

It is noted that “trust” is a mechanism that helps people associate with each other
and build relationship within the networks. Indeed, the SMEs would only be
willing to trade and collaborate with others if a trust relationship exists.

If people get a sniff you are not in there for them, I think you are fighting
a loosing battle. That is not to say you are in it for the good of your health,
they understand you are in there to run your own business but they want to
know that you also have their concerns at the forefront. (Interview with
Walke at Metatek)

Very few people would buy from completely unknown companies particularly
buying the service which has high people content. You will not do so without
some form of familiarity i.e. from the buying process itself or through the
network. (Interview with Vernon at Epitomy Solutions)

Trust also serves as a mechanism that enables the SMEs to share information
and encourages them to be creative. The SMEs expressed that they would be
happy to share information and collaborate with people or companies that they
know but would be cautious about what to share when they work with strangers.
“It would be inhibited especially if they are responsible for their own actions and
information could be held against them” (Interview with Vernon at Epitomy
Solutions). This is believed to discourage people from being creative.
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If someone tells you something or you see something is done you cannot just
unlearn. Although they may not steal your ideas with intention but once they
see something is done in the new way you cannot ask them to unlearn about
it. Besides, being a part of the VEN they can access to resources (e.g., in-
depth knowledge). […] Often the clients would come with the requirements
and we would say no you don’t want to do that. We would suggest other
ways and that is the part of services that we offer. I think that if there is issue
about intellectual property right I think that more people might just give
what the clients are asking for. (Interview with Baker at Ascension Design)

The data suggested that trust is particularly important in the creative and digital
sector because the product contents are people-intensive, and people working
together on the same project need to be at the same level (e.g., with regard to
technical know how) in order to ensure quality.

A large project or large client usually demands high level of commitment
and high quality. […] Every partner should be at the same level. (Interview
with Barker at Ascension Design)

Within the framework model, information is expected to flow freely within the
supply chain and the SMEs are encouraged to recommend and/or nominate
suppliers to their clients when they cannot deliver the project alone. However,
the interviewees did not seem to be warm to this idea. They explained that
recommendation or nomination involves risks of losing business to rival compa-
nies and of damaging their own reputation.

I would not introduce anyone into the network if I thought they will take
businesses away. That is why I really need to know people and trust them
before I work with them. That is important. If I thought that that is likely to
happen I probably wouldn’t work with them. (Interview with Barker at
Ascension Design)

We generally would not recommend anybody who hasn’t done some work
for us. We are quite funny about that. It does take a lot for us to recommend
someone else, because again we have recommended and it hasn’t gone well,
so it’s once bitten, twice shy. (Interview with McEwen at ACS [UK] Ltd.)
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Intellectual Property Rights
Unlike the traditional manufacturing sector, one of the main concerns that the
SMEs in the creative and digital sector have is intellectual property rights (IPR).
This is perceived by the interviewees in this study as the second obvious barrier
to joining the VEN. The IPR issue within the context of VEN is who owns the
IPR to the final deliverable, which is the product of a joint effort under the
umbrella of the VEN? The direct impact of this concern will be reflected in the
amount of effort that participating companies put into the project and in the
willingness to be creative and share information with others. Traditionally,
protecting IPR is difficult for most SMEs because they do not have resources
(e.g., legal expertise and finances) to do so. Hence, IPR is said to concern the
SMEs more than it does larger sized companies. In this sense, until it is
demonstrated that there is a strategy of managing potential conflicts caused by
IPR issue among companies within a VEN, it would be difficult to convince the
SMEs to join a VEN.

Risks
The concerns discussed above have their roots in the SMEs’ perceptions of
uncertainty and risks that they associate with joining a VEN. The SMEs
suggested that they can only be convinced to participate in a VEN if good project
and risk management is in place. An individual SME’s efforts to build trust
relationships with its clients and collaborators in the same supply chain are
specifically intended to minimise the risks of financial loss, zero return on its
commitment to the project, and bad reputation. Similarly, the concern about IPR
is associated with the concern about risk of losing overall control of the product
development. Nevertheless, if the organization that manages the VEN will take
care of coordination issue, the interviewees expressed that they would not be so
concerned about who their collaborators are.
The VEN framework is intended to encourage companies within a VEN to
compete and bid to contribute to a specific part of a large project. The issue that
the interviewees were concerned about was who will be in charge of quality
inspection along the supply chain?  In the immediate term, poor project delivery
would cost the SMEs because they may need to commit resources to redo the
project. In the long term, poor delivery would damage the companies’ reputa-
tions.
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We are very attached to the clients so for that reason if it is grounded
working for VEN I would be less bothered with the people who I am working
with because in the of the day it was VEN’s responsibility if things go wrong.
If that is the case I would be less bothered because I would expect that the
people who are in charge of the VEN would handle the client relation and
they would be the people who are bothered about who work together. I
would say that it is not my role to do that. From that point I would be very
happy to work with other people. (Interview with Barker at Ascension Design)

Other issues identified by the interviewees were the boundary definition and
project audit. Boundary definition refers to defined responsibilities of each
working party in a VEN.

From that point I would be very happy to work with other people.
Obviously, my concern in that would be perhaps having just very clear
boundary about who does what and how that is done because inevitably you
will have a large involvement on that and obviously the work that we do/
handle would depend on what other people would do... .(Interview with
Barker at Ascension Design)

The question is who controls the project; who controls the discussions with
the client; who schedules the work; who you are collaborating with; and
what sort of knowledge base they have. When things start to get messy who
is going to pick up the pieces? (Interview with McEwen at ACS [UK] Ltd.)

Once the responsibility of each working party is defined, the next key issue is
project audit, which addresses to need to audit and control the work at each stage
of the value chain. ACS (UK) Ltd. has been participating and collaborating with
companies within Club UK Online to deliver projects and argued that the
framework of VEN could work if the project audit of a VEN is in place.

Club UK Online has very really good audit in place which ensures that
businesses deliver what they say the will deliver. […] we get the peace of
mind, as been through same process as we have. […] If you haven’t got
control of everything, there is always a likelihood (no matter what it says
on paper) that something somewhere will go wrong, its just a question of
how bad it will go wrong. (Interview with McEwen at ACS [UK] Ltd.)

Interestingly, it was suggested by the interviewee at Epitomy Solutions that the
project control in itself presents a potential risk. It was explained that any
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potential structures imposed by the VEN organizer could create interorganizational
conflicts, especially when the members of the VEN have to compete to bid for
work. This, as described, may create a hostile environment that is contradictory
to the idea of virtual enterprise network.

Networks perform best when willing members collaborate
independently without being imposed and I don’t think, speaking from my
past experience, it does not necessarily be a recipe of success because it
could lead to interorganizational conflicts. […] the members of the bidding
party should be allowed to coalesce naturally not having it as an imposed
procedure. Therefore, I would thought that in the name of the virtual
enterprise network is to create non-hostile environment in which that the
enterprises would coalesce to be in the position to bid a larger  orders and
not to have them to compete individually for that. (Interview with Vernon at
Epitomy Solution)

Discussion

This study has identified that networks, trust, perceived risks, and intellectual
property rights are the key factors that influence SMEs’ decisions about joining
a virtual enterprise network in the creative and digital industries sector. These
issues, except for intellectual property rights, have been identified as obstacles
to the implementation of a virtual organization elsewhere in the literature
(Chesbrough & Teece, 1996, Marshall, Burn, Wild, & Mckay, 1999).  On the
surface, SMEs in the study rely on networking to gain access to resources and
to be “competitive.” On closer scrutiny, however, it is apparent that SMEs use
networking as a means to building a trusting relationship; that is, networking is
only a means used to achieve an end, that of trust building. This supports the
argument that trustworthiness is crucial in terms of initiating a trustful relation-
ship. Indeed, the VEN framework takes this into account and encourages
collaboration to be developed from special interest group meetings.
Trust and risk are inseparable. From the data analysis, it is apparent that
collaboration will only take place if trust exists in the relationship and if the risks
will be effectively managed. The incentive for SMEs to participate in a virtual
enterprise network is not, as assumed by BLSY, being able to obtain a bigger
contract—although the idea is attractive. Rather, it is the assurance that SMEs
are able to form a mutual, trusting, and long-term business partnership with
others. This is because SMEs traditionally rely on the face-to-face networks to
pursue business opportunities.
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Participation in a virtual value chain requires SMEs to coordinate and trust each
other’s output and share information with each other to an extent in order to
deliver a common product. Although the interviewees in the study did not use the
term “trust” explicitly, they emphasized the importance of “knowing who they
are working with.” “Knowing who they are working with” means knowing
partners’ competence, integrity, and benevolence in advance.  These were three
important criteria for choosing business partners. SMEs, for example, would like
to know if the partners perform at the same level (e.g., have good knowledge)
as they do. As pointed out by the SMEs, the interdependence between business
partners in terms of inputs and outputs makes it difficult to identify an individual
partner’s responsibilities and efforts. Thus, entering into a “wrong” network may
expose them to the risks of damaging their own reputation, which is particularly
important for small to medium-sized businesses. This explains why the SMEs in
the study were more willing to form a VEN with businesses with which they
already had dealings and why they were less willing to participate in a VEN
where the participants were unknown to them.
It was noticed that the major resistance to the virtual value chain is caused by
uncertainty and control of the risks that are perceived to be involved. It was also
noticed that trust relates to how risks are perceived by participants. In general,
the data suggests that the more developed the trustful relationship is among
partners, the less likely participating in a virtual value chain is perceived to be
risky, and vice versa.  The risks that the SMEs were concerned about include
poaching, stealing, information asymmetries, and loss of resource control. For
example, intellectual property is regarded as the most important asset in the
creative and digital industries sector; hence, it is not surprising that the SMEs
feared that entering a virtual enterprise network may expose them to risk. This
is the main reason for the SMEs not wanting to collaborate with strangers as they
worry that unfamiliar business partners may exploit collaboration for private gain
(e.g., poaching or stealing resources).
Risks may be magnified when collaborators are mainly SMEs and none of them
is the leader of a supply chain. Traditionally, SMEs have limited resources
compared with larger sized enterprises; hence, in order to survive, SMEs need
to ensure that their resources are allocated efficiently. Any risks that are
perceived potentially endanger resource optimization and would not be wel-
comed by SMEs. In this sense, risk management can be used as a mechanism
to compensate a lack of mutual trust in the virtual supply chain, and issues such
as who will bear the cost and consequences of risks associated with
interorganizational collaboration and how the risks are managed and controlled
will determine the developmental dynamics of a VEN.
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Future Trends

Recommendations for Practitioners

The technology that supports interorganizational coordination with an aim of
achieving efficient supply chain management has been around a long time. The
slow takeoff of the technology (such as EDI) among business has traditionally
been blamed on the cost of the investment in the technology itself.  Nevertheless,
it was apparent in this study that whether or not and what technological platform
will be used to coordinate the efforts among business partners are not perceived
to be the keys that drives collaboration forward. What drive collaboration
forward are the fundamental business issues of trust building and risk manage-
ment. Thus, in order to develop effective interorganizational supply chain
management, suppliers and business champions (e.g., the network leader,
government agency) should consider the following strategies:

• Develop a robust and non-hostile environment where business associates
are able to be familiar with and get to know each other and then gradually
develop a trust relationship.

• Provide incentives to attract companies to work together towards a
common goal. The incentives include terms of conditions and rewards for
collaboration. It is important that the champion of the supply chain
management explains how the collaboration will work and what and why
specific commitment and risks will be expected. This will help participating
companies reduce uncertainty and form realistic expectations for the
outcome of the collaboration.

• Trust and risk are two sides of the same coin and one has impacts on the
other. If, like the VEN model suggests, companies work on the project basis
where trust relationship cannot be boosted and developed in a short time,
risk management may have to be in place to replace trust relationship at the
outset. This management mechanism can be gradually removed when
companies begin to develop trust relationship.

Recommendations for Future Research

Given that supply chain management is rapidly evolving thanks to the develop-
ment of information technology, further research in the areas of business
relationships between organizations and the value of information sharing will be
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particularly useful. First, more research should focus on the business relationship
development between organizations within the context of supply chain manage-
ment, especially in the area of trust and power relationships, and collaboration
and cooperation behaviors. Second, information is vital to coordinate business
activities among partners but asking businesses to share information is always
a challenging task. Hence, more studies should be carried out to examine the
information requirements associated with different types of business relation-
ships and the drivers that would encourage businesses to share information to
achieve an effective supply chain.

Conclusion

The framework of VEN seems to work in the area of bringing different
businesses together to explore the possibility of working together to develop new
projects (e.g., product or business development). However, taking the frame-
work a step further will require further hard work by BLSY, for example, to
review its role in the virtual supply chain branded with VEN. Currently, BLSY
is not considering taking on any managerial roles in any VEN project; rather, it
sees itself as a broker who is bridging the different networks. However, the
lessons from the interviews suggest that this approach will not be successful
overall, but remains as a framework if BLSY does not have a stake in
implementing VENs.
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Abstract

Recent outbreaks of Bovine Spongiform Encephalopathy (BSE), foot-and-
mouth disease, and bird flu have heightened awareness of traceability and
information flows in agricultural industries. Existing supply chain research
has focused on supply chains for manufactured goods, but the agricultural
industry differs from manufacturing, being characterized by horizontal
alliances and imprecise output predictions arising from uncontrollable
factors such as weather and rates of natural increase. This chapter
explores the downstream information flows in a sheep meat supply chain.
It identifies stakeholders and the nature and efficiency of their information
exchanges. Findings show that important information is generated in
several tiers along the supply chain, but this information is not always
shared and opportunities for increased supply chain competitiveness are
lost. The lack of information sharing is explained by the unwillingness of
partners to commit to tight contractual agreements, the lack of adequate
technological infrastructure, and the absence of regulations mandating
certain information flows.
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Introduction

New Zealand, once known as “Britain’s farm,” is a world leader in production
of quality beef, sheep, and dairy products. For more than a hundred years, New
Zealand sheep meat has been produced for local consumption and export.
Although it is less dependent on primary industries today than in the past, sheep
meat is still a major export earner for New Zealand and its production and
processing provides many employment opportunities.
A carefully coordinated supply chain would provide New Zealand’s sheep meat
industry with new capabilities and efficiencies in production and processing, as
well as an increased responsiveness to consumer preferences. In addition, and
more importantly, it would prepare the industry to meet increasing international
requirements for traceability. A key element in agribusiness supply chain
operation is the integration of information flows that not only facilitate operations
but also add value to products and provide confidence to consumers. A
sophisticated supply chain would lead the New Zealand’s sheep meat industry
into the 21st century and better prepare it for future competition in international
markets.
The research reported in this chapter focuses on downstream information flows.
We interviewed major stakeholders in the supply chain to determine their
information needs and the information they provide to their downstream part-
ners. In the remainder of this chapter, we report the various information flows
and information media used, identify redundancies and deficiencies, and make
recommendations for improvements.

Information Flows in the Supply Chain

Competitive environments create pressure on organisations to collaborate.
Supply chain management governs these collaborations by integrating “key
business processes from end users through to original suppliers that provide
products, services, and information that add value for customers and other
stakeholders” (Lambert & Cooper, 2000, p. 66). Information flows are critical
to these collaborations and their improvement is a major incentive in supply chain
integration (Buhr, 2000). Such flows creates closer collaboration between the
supply chain members (Mariotti, 1999), have positive impacts on customer
satisfaction (Singh, 1996), and can lead to the creation of new products and
services, new marketing approaches, and advanced operations (Hoek, 1998).
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Supply chain information flows can be upstream, from retailers toward produc-
ers, or downstream, from producers toward retailers. The upstream flow may
comprise information ranging from order details to the sharing of customer
requirements and strategic decisions (Sahin & Robinson, 2002). The objectives
of these upstream flows include desire for cost-savings through inventory
reduction, decreased order magnification, and reduced time delays in fulfillment
(Lee et al., 1996, as cited in Zhao, Xie, & Zhang, 2002). Downstream flows may
comprise product details, product origin and destination, shipment details, and
invoicing information (Sahin & Robinson, 2002). Though most research concen-
trates on upstream flows, both upstream and downstream flows are crucial for
supply chains (Singh, 1996)
Information technology is the backbone of a supply chain (Sanders, 2002).
Sophisticated software and hardware components provide flexibility of operation
to handle last-minute orders, order changes, mechanical failures, picking and
packing errors, coordination failures, and data corrections (Hull, 2002). How-
ever, technology only enables information exchange; humans are the source of
information and the drivers of technology. Consequently, people still play the
pivotal role in supply chain environments and the relationship between buyers
and suppliers remains a vital element of a successful supply chain (Kannan,
2002; Mariotti, 1999).

Supply Chain Management in the Agricultural Industry

Supply chain management first emerged in the manufacturing industry, and the
processes of modern supply chain management reflect this origin. In considering
supply chain management in the agricultural industry, we need to take into
account differences in the business environment, product characteristics, and
importance of downstream information flows.
The agribusiness environment is characterised by horizontal alliances such as
cooperatives, rather than the vertical partnerships most often found in the
manufacturing industry (Hobbs & Young, 2000). In addition, agricultural product
sale and distribution is often carried out through intermittent auctions or less
involving regulated markets. The horizontal alliances and product distribution
mechanisms reduce the direct interaction between producer and buyer and
inhibit development of close relationships (O’Keeffe, 1998). An additional factor
inhibiting supply chain integration in the agricultural industry is the lack of
information technology experience and confidence of some members (Salin,
2000). This inexperience, coupled with perceptions of high costs and risks, forms
a considerable obstacle to the development of a sophisticated supply chain
(Bailey, Norina, & Cassavant, 2002).
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Product characteristics also provide a point of differentiation between agricul-
tural and manufacturing industries. In manufacturing, production can be sched-
uled with relative precision so that output can be known in advance or adjusted
to meet changing demand. By contrast, output of agricultural products cannot be
precisely known in advance due to vagaries of weather, disease, and rates of
natural increase. Furthermore, the time required to raise animals for consump-
tion means it is impossible to adjust supply at short notice. Product quality is also
a critical concern in agribusiness, necessitating high standards in handling,
storage, and transportation (Jongen & Meulenberg, 1998). Consumers can be
very sensitive to specific attributes of agricultural products and marketing needs
to cater to local preferences in terms of product presentation, variety, and
packaging. This is particularly important where a product is destined for
international distribution (Jongen & Meulenberg, 1998). The product character-
istics described create unique challenges for the coordination of an agricultural
supply chain.
The agribusiness environment and product characteristics also create specific
requirements for information flows. In many manufacturing supply chains, the
focus is on upstream information flows signalling demand fluctuations. In the
agricultural industry, equal or greater emphasis is placed on downstream
information flows concerned with ensuring that hygiene, safety, and quality
requirements are met. Using information systems to signal production conditions
(e.g., organically fed) and product handling (e.g., halal meat preparation)
facilitates the development of consumer trust by verifying that the product meets
certain criteria or preferences (Dorp, 2003; Jongen & Meulenberg, 1998).
Downstream information flows assist in providing traceability of product, which
contributes to food safety and communicates diligent operations to the consumer
(Dorp, 2003; Wilson & Clarke, 1998).
The meat industry, in particular, has employed information technology to process
downstream information flows to enable traceability (Mousavi, Sarhadi, Lenk, &
Fawcett, 2002). For example, the Scottish Borders Traceability and Assurance
Group (TAG) initiative provides for full product traceability along the cattle beef
supply chain using radio frequency identification (RFID) ear tags. The tags
identify individual animals and link to records in a central database containing,
among other things, date and place of birth, veterinary records, cattle move-
ments, purchases and sales, and deaths on any farm where the beast has been
held (Pettitt, 2001). Third parties, such as slaughterhouses or meat processors,
may automatically read this information and update their own information
databases. The RFID tag provides a system to deal with statutory record
keeping, serves as a farm management system, and facilitates government
control in the event of animal health emergencies such as recent BSE outbreaks.
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Information technology has also been used for traceability in the Belgian poultry
industry (Viaene & Verbeke, 1998). A central database registers all movements
of poultry product from the reproduction facility and hatchery to the slaughter-
house. Using this database, the veterinary authority can investigate the source
and spread of any disease outbreaks. In contrast to the Scottish Borders TAG
initiative where individual tagging is used, the Belgian poultry initiative identifies
on a flock basis because there are too many birds to trace individually. With the
exception of a few elite products, traceability in the Belgian poultry industry is
lost at the slaughterhouse (Fallon, 2001).
In summary, the unique business environment, product characteristics, and need
for traceability distinguish agricultural products and supply chains from the
manufacturing products and supply chains. The agricultural industry has a need
for downstream information flows, which creates a challenge for supply chain
management.

Agricultural Supply Chains in New Zealand

New Zealand’s geography, climate, and long history in agricultural exporting
have made it one of the world’s most efficient producers of quality agricultural
products (Ministry of Agriculture and Forestry, 2002). It achieves this efficiency
without employing formal supply chain management principles to the extent seen
in some other Organisation for Economic Co-operation and Development
(OECD) countries (Basnet, Corner, Wisner, & Tan, 2003). The relative lack of
supply chain management in New Zealand’s industry in general may be
attributed to its small and thinly spread population, its lack of any supply chain-
intensive manufacturing industry to provide an example, and the “relative lack of
leverage of New Zealand firms to bring about change” (Basnet et al., 2003, p.
63). Yet meat industry products, including sheep meat, contribute strongly to the
New Zealand economy by being the second largest export income earner
(Statistics New Zealand, 2000). Sophisticated supply chain processes may
improve competitiveness through their ability to provide quality products, ensure
standards are met, enable traceability, and generally demonstrate reliability
(Penny, 2003).
At the time of writing, advanced information systems are in place only for the
cattle-beef supply chain while the sheep meat industry makes limited use of
information technology. This suggests room for improvement. The first step is an
assessment of the current situation. An understanding of the downstream
information flows is a crucial component for the sheep meat supply chain, and
it is this information flow that is addressed in this research.
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Research Method

Being an exploratory study, the primary concerns in this research were the
identification of stakeholders in the sheep meat supply chain, the information they
sought and supplied, the media used for its distribution and storage, and,
ultimately, the identification of redundancies and inefficiencies in information
flows. We aimed to not only understand what was happening, but also why it was
happening; that is, to understand the motivators or reasons for what was
happening. Hence, a case research methodology in line with recommendations
of Benbasat, Goldstein, and Mead (1987) seemed appropriate. Data collection
and analysis followed procedures introduced by Creswell (2003).
Informants included representatives of organisations directly involved in the
supply chain and others with an oversight function. Informants directly involved
in the supply chain included a sheep farmer, stock agent, meat processor, a meat
wholesaler/retailer, supermarket butcher, and an independent retail butcher.
Those with an oversight function included the director of the Meat industry
Association and a field representative of a Food & Safety Authority. The
interview with the director of the Meat Industry Association provided us with
background knowledge with which we could prepare for further interviews.
Furthermore, this informant was able to provide a high-level view of the industry
and what the future might hold.
Semi-structured interviews were designed to gather specific information while
allowing for unexpected data to emerge. Interviews took between 30 and 60
minutes and were transcribed in full upon completion. Transcripts were analyzed
following the generic steps suggested by Creswell (2003) for analysis and
interpretation of qualitative data. Steps included organizing and preparing the
data (transcribing interviews and typing field notes), deriving a general sense of
the data, and coding for detailed analysis. These generic steps proved to be a
valuable guide for analysis and significantly contributed to the outcome of the
investigation.

Results

In this section, we first provide a brief summary of each of the stakeholders in
the sheep meat supply chain followed by an analysis of the information flows.
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Stakeholders

The present investigation focuses on the domestic product and information flows
of a meat processing plant and its suppliers, customers, inspectors, and associ-
ated livestock agents with the director of the national Meat Industry Association
providing a broad, high-level perspective.  The relationship among these stake-
holders is shown in Figure 1. The primary product flow is simple: from farmer to
processor (via a transporter or sometimes a spot market) and from processor to
butcher (via refrigerated wagons). In this, as in many other supply chains, the
retailer is considered the customer—the end of the chain. Relative to product
flows, information flows are more complex and involve other players. These
other players include livestock agents, food and safety officials, transporters, and
auditors. We briefly describe each stakeholder before turning our attention to the
information flows.

Farmer

The medium-sized commercial sheep farmer interviewed for this study raises
sheep both for meat production and for sale as breeders. On the meat production
side, he was not bound by supply contracts to any particular meat processor but
sold to whoever paid the most at any particular time. In seeking to provide optimal
growing conditions, the farmer shifted sheep between paddocks, monitored their
health status, administered vaccinations and, where needed, treated them with
remedies. Regulations require the farmer to keep a record of these activities in
the form of remedy use records. This ensures transparency in the growing phase
of the sheep and is regularly audited. Each meat processor provides its own
booklets for this recording, and only by keeping these up-to-date will the farmer
be able to sell sheep to a particular processing company. The farmer was
displeased with this requirement and interpreted it as a strategy of meat
processors to increase farmer dependency. The farmer tagged and kept

Butcher Farmer Processor Butcher 

Meat Industry Association

F o o d  &  S a fety

T ran s p orter D is trib .

L iv es to ck A g e n t

A ud ito r

Figure 1. Stakeholders in the sheep meat supply chain
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individual record for each sheep. This, he acknowledged, was not normal process
for sheep meat supply but related to the breeding side of his business.
The farmer did not consider meat-supply contracts to be beneficial to his
business model since it would “cut [him] out of a lot of flexibility.” Rather, he sold
sheep to a meat processor either directly or through a livestock agent when
necessary. The role of the stock agent was considered valuable because the
agent had a better overview of the market. When sheep are ready for sale, a
transporter takes the sheep, accompanied by the animal status declaration
completed by the farmer, to the processor. Approximately 10 days later, the
farmer receives a “killing sheet” in which the meat processor states the “yield”
obtained from each sheep and any premiums granted. Having to wait 10 days for
the killing sheet was not considered satisfactory by the farmer because the
results could not be considered for interim selling decisions. The farmer
communicated with other supply chain members mostly via telephone, fax, and
post. Computer-mediated communication was not used because transmission
rates in his rural location were low.

Stock Agent

The stock agent played a pivotal role in the livestock market, acting as an
information intermediary between buyers and sellers who were geographically,
industrially, and organizationally dispersed. From his perspective as a market
insider, the stock agent observed that downstream information flows had
improved in recent years. For example, while formerly the animal status
declaration would often be incompletely or inaccurately completed because
“farmers inherently dislike filling out forms,” today no stock trading can be
effected without accurate and complete forms. Hence, the reliability of informa-
tion has improved. The stock agent opined that traceability and individual tagging
of sheep would soon become a necessity.

Meat Processor

The meat processor in this study was a single-plant operator located in the lower
North Island dedicated to the procurement, slaughtering, and exporting of sheep
and beef meat, and capable of halal processes. Sheep were procured from
farmers or on-spot markets. Fixed-term supply contracts were not considered a
viable option due to the many unpredictable factors. In lieu of contracts, the
company focused on establishing long-term relationships with farmers through
reliable performance and loyalty schemes. Although no supply contracts speci-
fied desired quantities and quality, price sent a signal to farmers that is, as the
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meat processor commented, “to be honest, a very blunt signal.” However, on the
demand side, the processor entered into very prescriptive contracts with
overseas customers. These contracts prescribed quantity, product specifica-
tions, and delivery dates.
The most important information flows to and from the meat processor are those
related to health and safety. Upon delivery of a load of sheep, the transporter
hands the animal status declaration to a Food & Safety Authority official who
inspects the sheep and, if satisfied, staples a clearance form to the pen gate. A
second inspection follows postmortem, after which a Food & Safety Authority
official declares the product suitable for human consumption. Following slaugh-
ter, carcasses may be packed whole, disassembled into 10-15 pieces and put into
cartons, or minced. Most output is subsequently frozen and shipped overseas,
leaving only a small portion in the New Zealand domestic market.

Food & Safety Authority

The Food & Safety Authority official interviewed was one of a small team of
officers located within the premises of the meat-processing plant. The role of the
team was to monitor activities in the meat-processing plant to ensure that
activities and processes complied with regulations. Responsibility started with
the antemortem inspection of the animals in holding pens. This includes checking
information on the animal status declaration and compliance with any withholding
periods related to vaccinations or treatments administered to the animal. In
reaching decisions to “pass” the animals antemortem, reliance is placed on the
accuracy of information supplied by the farmer. Consequently, trust plays a
major role in the approval process. Farmers found to provide false information
are put on a suspect list, which leads to a separate verification process in future
sheep sales and slaughter. Once a pen of animals is passed, a pen card is stamped
with a “passed veterinary inspection” stamp.
Prior to slaughter, the Food & Safety Authority is provided with a killing sheet
declaring which animals are to be processed. Postmortem inspection com-
mences after the slaughter and dressing process are complete. Carcasses are
inspected by a separate Food & Safety team and, when passed, are declared as
“fit for human consumption.” In the case of export, Food & Safety representa-
tives issue an electronic certificate stating that the product meets legal and
contractual requirements. In the case of meat destined for the domestic market,
no further certification beyond the “fit for human consumption” declaration is
required. All Food & Safety documents are stored in paper form for specified
retention periods by either the Food & Safety officials or the meat processor.
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Retail Butchers

Interviews were conducted with a meat wholesaler/retailer, a supermarket
butcher, and a small independent butcher. Although the three butchers operated
on different scales, they maintained similar processes in ordering, handling, and
distributing meat to consumers. All three ordered product by telephone. This was
considered “easy” and a means by which they could maintain the relationship
with the processor. It also allowed for receipt of further product information. The
requirement criteria of each outlet were known to the meat processor, who
would allocate product to meet these criteria thereby reducing rejection rates.
Identification tags attached to carcasses within the processing plant were not
considered by any of the butchers. Rather, they relied on personal backdoor
inspection of the carcass—the small independent butcher was not even able to
interpret the information on the identification tag.
Retail butchers process carcasses to meet the requirements of consumers,
adding labels with limited information beyond packed on and use by dates.
Informants reported that consumers rarely requested information exceeding that
provided on the labels. The few queries received usually related to preparation
of the meat or suitability for particular dishes. The provision of more detailed
information such as breed of cattle, region of origin, or feed regimes were not
considered important by the average shopper and were not used to add value to
the product.
All three butchers stated that they would not be able to reliably trace a particular
piece of meat back to the carcass from which it was taken. So, although carcasses
are uniquely identified via the meat processor’s tag, traceability is lost as the
butcher processes meat for sale from several carcasses at the same time. The
most the butcher could state is that it came from one of a set of carcasses. While
traceability is not a current concern, it is likely to become so in the future.
Stakeholders seemed to consider that this “will be dealt with when we come to it.”

Meat Industry Association

The Meat Industry Association (MIA) represents the national and international
interests of New Zealand’s meat processors and provides a strategic orientation
for the industry as a whole. Its perception of the industry indicates a shift from
the original “freezing business” to a “food business” with the introduction of
automated processes employing robotics and information technology. The MIA
envisions increased collaboration between farmers and processors in terms of
shared market information and drafting of long-term contracts that might
establish “farming on demand” where “[the meat processor] can be confident
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that the farmer will send … raw material … on the right day and of the right
weight.” Information and communication technology is considered a major
enabler of these shifts in the industry. Dramatic change, particularly with respect
to market responsiveness, is expected within the next 10 years.

Analysis of Information Flows

The downstream information flows in the supply chain included structured
information flows carrying discrete information recorded on form sheets, and

Table 1. Overview of the structured information flows

Artefact Content Purpose Origin Recipient Media 

Animal 
Status 
Declaration  

History: 
Feeding, 
vaccinations, 
diseases, 
treatments 

Declares the 
health status 
of the sheep 

Farmer Food & 
Safety 
Authority  
 

Paper with 
carbon 
copy 

Animal 
Remedy Use  
Record 

Date, stock 
class, 
treatments, 
product names, 
holding 
periods 

Records 
treatments 
the sheep 
has received 

Farmer Meat 
Processor  
(via auditor) 

Booklet 

Carcass Tag Lot-number, 
production 
date and time, 
sex, quality 
grading, 
body-fat, 
weight, 
barcode 

Identifies 
the carcass 
lot 

Meat 
Processor 

Butcher,  
but it is not 
considered. 

Paper  

Quality 
Check-list 

Date, delivery 
number, temp., 
observations 

Records any 
deficiencies 
in storage 
temperatures  

Super- 
market 
Butcher 

Own use 
(super- 
market) 

Paper 

Product 
Label 

Packed-by 
date, use-by 
date, product 
weight, price 

Informs 
consumers 
of product 
freshness  

Super- 
market 
Butcher 

Consumer Paper 



56   Schroeder & Hope

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

unstructured verbal information flows. The structured downstream information
included the animal status declaration, animal remedy use record, carcass tags,
quality checklist, and product labels (Table 1).

Animal Status Declaration

The animal status declaration is a legal, paper-based form detailing the animal’s
history, treatments, feeding supplements, vaccinations, and remedies. It is
prepared by the farmer and accompanies the sheep to the meat processor where
it is examined and retained by the Food & Safety Authority.

Animal Remedy Use Records

The animal remedy use record is a collection of farm-specific data captured by
the farmer on an ongoing basis and recorded in booklets. The record contains
information on the translocation of sheep-mobs on different paddocks, medical
treatments administered, and any “withholding dates” during which the sheep
must not be consumed due to medical treatment. Each meat processor with
whom the farmer deals requires an independent and different record to meet
their quality audit.

Other Records

The killing sheet, which shows the slaughter schedule, is passed in paper form
from the meat processor to the Food & Safety Authority. It enables the Authority
to keep track of activities. A carcass tag is affixed to every carcass after
slaughter. The tag contains an ID number and barcode that identifies the piece
of meat and the processing plant.  The product label affixed to the packaged meat
by the butcher is another structured information flow that follows the product out
of the chain to the consumer. Supermarket staff (but not the independent
butcher) kept a quality checklist of the temperature and condition of the meat
product.

Unstructured Information Flows

Unstructured information flows (Table 2) also play an important role in the supply
chain. These included information exchanges between the farmer and livestock
agent, and between the farmer and the meat processor. These exchanges were
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made either by phone or in face-to-face encounters, and often included discus-
sion of the quality and characteristics of the sheep to be traded. Another
important unstructured information flow was the conversations between the
butchers and the meat processors. Orders were completed over the telephone,
and, at the same time, product information was communicated. The supermarket
representative noted, “We get to know what is going on. The sales representative
can tell … straight away if the product is available or if it is not available—and
other facts we need to know.”  In general, the unstructured information between
the supply chain members was considered as important as structured informa-
tion, since product is sold via “relationship marketing” (meat processor).

Discussion

The research suggests that information flows in the sheep meat supply chain do
not follow the well-coordinated and integrated information flows described in
manufacturing supply chains but rather form isolated transfers of information
between adjacent partners in the chain.
The research identified six key participants in the sheep meat supply chain
contributing to the downstream information flow: farmers, livestock agents,
quality auditors, meat processors, the Food & Safety Authority, and butchers.
The consumers of sheep meat are not considered to be part of the supply chain
but are viewed as external entities. It is the retail butchers who are referred to

Circumstance Purpose  Media 
Conversation 
between farmer and 
livestock agent 

The farmer discusses with the 
livestock agent the quality of the 
sheep and the conditions under which 
they should be sold. 

Telephone or 
face-to-face 

Conversation 
between farmer and 
meat processor 

The farmer discusses with the meat 
processor the quality of the sheep and 
the conditions under which they 
could be sold. 

Telephone or 
face-to-face 

Ordering process 
from butcher to 
meat processor 

In the ordering process, the butcher 
receives information about the 
products available, confirms an order 
and receives additional information 
about the market-situation.  

Telephone 

 

Table 2. Overview of the unstructured information flows
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as “customers” by other supply chain members (Meat processor, Stock agent).
The terminology used suggests that participants do not see themselves as part of
a distributed organizational structure with a common goal but rather as indepen-
dent business entities seeking to satisfy the next entity in the chain. The meat
processor dominates the chain. The processor is in a financially strong position
with deep customer knowledge and, therefore, becomes the driver of change
within the supply chain. The other members of the chain follow the processor’s
requirements, which are driven by overseas rather than domestic customers.
There was tension and lack of trust between farmer and processor, with the
farmer voicing concerns over perceived abuse by the processor of his dominant
position while the processor considered the farmers unreliable and opportunistic.
In the case in question, both parties operated without a fixed supply contract. By
contrast, the director of the Meat Industry Association suggested there was
strong success in contract farming. These differences reflect current and
potential future practice.
Downstream information flows in the supply chain were largely restricted to
exchanges between adjacent members, with no information accompanying the
product from the farm to the retailer. Unstructured information flows between
adjacent stakeholders via telephone and face-to-face encounters were consid-
ered useful because they were fast, easy, and they helped to build relationships.
Digitised information accumulated by the meat processor and the Food & Safety
Authority were not shared with other members. Rather, butchers and consumers
relied on the fact that the Food & Safety Authority inspected the product at the
processing plant. Making more information available to the consumer was not
considered to add value.
The research revealed several inefficiencies in information flows. For example,
the farmer complained about the need to complete separate books of record for
each meat processor and about the general use of paper-based information,
which necessitated double handling and increased administration. Other poten-
tially useful information was ignored. For example, the distributor and butcher did
not consider possibly useful information on carcass tags affixed by the meat
processor. In the final link in the chain, only pack and use-by dates were
communicated to consumers.
The inefficiencies and redundancies provide room for improvement. Much of
this could be achieved through the use of computer-based information systems.
For example, software could help the farmer to integrate his livestock adminis-
tration with the required quality documentation. This information could then be
digitally transferred to the Food & Safety Authority which could assess the
record before arrival of sheep at the meat processing plant.
The traceability of sheep meat could be advanced by assigning a personal
identifier to all sheep with information recorded on electronic tags accompanying
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product throughout the supply chain. In this way, all members of the supply chain
could access and add to information, enabling transparency and traceability
while minimising redundancy and handling. Some of this information could be
used to add value to the product, for example, identifying region of origin, breed,
or particularly feeding regimes.
Examples such as the Scottish Borders TAG initiative for beef (Pettitt, 2001) and
the Belgian poultry initiative (Viaene & Verbeke, 1998) show processes and
information flows that meet the need for traceability. Both these supply chain
initiatives were developed to restore consumer confidence following disease
outbreaks. No such event has yet occurred in New Zealand. Any disease
outbreak would be disastrous for the industry and the need for proactive
implementation of improved information flows is indicated.

Conclusion

It is a fascinating business, we have seen more change in the last ten years
than in the hundred years before… and information underpins everything.
(MIA director)

Despite this positive and convincing comment by the Meat Industry Association
representative, this study has shown that information flows are not yet used in
an integrated way to support production and processing in New Zealand’s sheep
meat industry. Hence, despite recent improvements, even more dramatic
changes are necessary in the near future if the industry is to remain competitive
in international markets.
The investigation revealed several inefficiencies in the generation and transfer
of information that need to be addressed. For example, sheep are not consistently
identified on farms, and the farmer is required to keep duplicate records in order
to meet the requirements of different processors. Furthermore, available infor-
mation was not used to add value to the product, and no processes to assure
traceability were identified. The lack of end-to-end information flows and lack
of trust indicate low levels of integration among supply chain partners.
In addition to identifying issues in the current supply chain, the study suggested
possible areas for improvement in information flows. Most important in this
regard is the suggestion that the integration of information flows could become
a starting point for re-conceptualising the supply chain. The development of a
common information platform would not only facilitate the introduction of
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traceability but also bring the stakeholders closer together, which may ultimately
lead to the generation of new business models and value propositions for
customers.

Limitations and Future Research

The present research followed a rigorous method. However, concentration on a
single supply chain limits the generalisability of findings. Future studies investi-
gating information flows of sheep meat supply chains could include more chains
and more representatives at each tier in the chain. This would provide data on
a greater variety of business interactions and perspectives. In particular, the
internal information handling of the meat processor warrants further investiga-
tion since the meat processor is the dominant stakeholder in the supply chain and
any improvement initiatives would require support by that stakeholder group.
It would also be useful to investigate the information needs of the consumers.
Knowledge of consumers’ information requirements would provide the industry
with incentives to use information to add value to the product. In this context, the
information requirements of overseas customers should also be addressed in
future research since it can be expected that their needs would drive any
innovation in information flows.
Although New Zealand’s sheep meat industry has seen many changes in its
recent history, there are more to come. New Zealand is a strong competitor in
international markets, being known for its “clean, green” image and quality
product. In order to remain competitive, the industry has to overcome old
structures, make use of new technologies, and be creative in their use. Once
information exchanges improve, collaboration will improve. This seems to be
universally applicable—whether the product is sheep meat or a manufactured
good.
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Abstract

The integration and coordination of strategic suppliers becomes increasingly
important as the manufacturer relies on external transactions to build up
collaborative advantages. By conceptualizing virtual integration as an
efficient and effective vertical coordination mechanism, the study discussed
in this chapter developed a model to examine the role virtual integration
plays in improving manufacturing performance and the antecedent factors
that can lead supply chain members to rely on virtual integration to govern
supply chain integration. Based on the resource-based view and transaction
costs theory, the suppliers’ specific investments and environmental
uncertainty are identified as critical antecedents to virtual integration. The
results show that the suppliers’ specific investments can significantly
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improve the manufacturers’ achievement of manufacturing goals, thereby
motivating the manufacturer to rely on virtual integration to better coordinate
with the suppliers who made significant idiosyncratic investments for
enhancing transaction value while controlling the potential hazards.

Introduction

There has been a relative shift from capacity to specialized subcontracting by
large original equipment manufacturing (OEM) makers when they were facing
increasingly fragmented and uncertain demand (Whitford & Zeitlin, 2004). With
eroded operating margins and shortened product life cycles, modern manufac-
turers have increasingly leveraged outsourcing practices for the benefit of low-
cost manufacturing, global logistics services, and accelerated product develop-
ment. Moreover, other than fabrication services, suppliers have been more and
more involved in the manufacturers’ value chain activities to provide add-on
values to buyers and to construct higher entry barriers against competing
suppliers (Carter & Narasimhan, 1990). Although strategic sourcing has become
an important instrument for realizing the ideal of “externalization of the core,”
careful management of such supply chain integration efforts are required to reap
the expected profit (Narasimhan & Das, 1999; Nesheim, 2001).
The management of supply chain integration has been increasingly addressed in
academic research as the practice of supply chain management continues to
proliferate in industrial networks. Two themes predominantly examined by prior
research were practices of supply chain integration and the impact of supply
chain integration on performance improvement. For the former case, prior
studies examined the scope, sophistication and focus of supply chain integration,
which aimed at illuminating the essence of supply chain integration (Frohlich &
Westbrook, 2001; Morash & Clinton, 1998; Narasimhan & Jayaram, 1998;
Simatupang, Wright, & Sridharan, 2002). For the latter, supply chain integration
was shown to be positively associated with manufacturing and operational
performance improvements (Frohlich &Westbrook, 2001; Narasimhan & Jayaram,
1998). Although the fundamental importance of supply chain integration is widely
accepted given the aforementioned studies, important questions remain open
about how to manage supply chain integration. In particular, our knowledge is still
weak concerning the kinds of mechanisms suppliers and customers use to govern
supply chain integration under different transacting circumstances. Moreover,
we know little about the causal linkages between governance mechanisms
choices and resulting performance implications in the context of supply chain
integration. Such questions motivated this research to focus on exploring the use
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of information and communication technology (ICT)-enabled coordination as an
alternative governance mechanism to managing supply chain integration.
As outsourcing practices gradually proliferate in modern business environments,
ICT-enabled interorganizational integration has also been increasingly adopted
to facilitate the implementation of such practices (Malone, Yates, & Benjamon,
1987). Since the inception of electronic data interchange (EDI), the use of ICT-
enabled coordination has evolved from electronic monopoly to electronic part-
nership, allowing the customer-supplier relationship to develop toward a more
cooperative mode (Clemens, Reddi, & Row, 1993; Hart & Saunders, 1998).
Furthermore, ICT is utilized to support communication and operation of a supply
chain as if the OEM makers and their suppliers functioned as an extended
enterprise, advancing ICT-enabled coordination toward a “virtual integration”
mechanism (Chandrashekar & Schary, 1999; Magretta, 1998). The success of
Dell’s direct model, in particular, demonstrates that virtual integration indeed is
a viable means to facilitating integration of physically separated units and
permitting coexistence of centralization and decentralization within an operating
system (Stapleton, Gentles, Ross, & Shubert, 2001; van Hoek, 1998). Therefore,
instead of common ownership, ICT has become more and more emphasized in
implementing supply chain integration (Frolich & Westbrook, 2001).
The research question of this study is to explore the role ICT-enabled coordina-
tion plays in managing supply chain integration. Drawing on both resource-based
perspective (RBV) and transaction cost theory (TCT), ICT-enabled coordina-
tion is regarded as a governance mechanism to managing supply chain integra-
tion. The construct representing ICT-enabled coordination is construed as virtual
integration, which captures the extent to which ICT is used by a manufacturer
to coordinate with its suppliers. As such, the objectives of this study are to: (1)
evaluate the effectiveness of virtual integration in governing supply chain
integration, and (2) investigate the antecedents to which virtual integration is
utilized in governing supply chain integration, thereby contributing to our knowl-
edge as to the contingencies of utilizing virtual integration as a viable governance
mechanism.
The remainder of the chapter is organized as follows. Next, we provide related
supply chain integration literature, theoretical foundation and research frame-
work. The following section develops the research hypotheses and model.
Research method and measurement are then described, followed by data
analysis. Finally, we provide concluding remarks and address the limitations of
the study.
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Conceptual Background and
Research Framework

Supply Chain Integration: Ideal and Reality

The central theme of supply chain integration is the integration of relationships,
activities, functions, processes, and locations of a firm within itself as well as with
its customers, suppliers, and other channel members (Bowersox & Morash,
1989; Lambert & Cooper, 2000). For example, Narasimhan and Jayaram (1998)
proposed that supply chain integration is the confluence of supplier integration,
strategic integration, and customer integration. Frohlich and Westbrook (2001)
showed that inward-facing, peripheral-facing, supplier-facing, customer-facing,
and outward-facing strategies were commonly adopted in supply chain integra-
tion practices. Morash and Clinton (1998) suggested that the locus of supply
chain integration could be intraorganizational process integration,
interorganizational collaborative integration, and interorganizational operational
integration. These studies all proposed that the more completed and sophisti-
cated supply chain integration is, the greater the improvement in supply chain
performance. However, they also pointed out that gaps exist between the
rhetoric and reality of implementing supply chain integration.
Through a multimethod empirical study, Fawcett and Magnan (2002) found that
few companies achieved complete forward and backward integration from their
suppliers’ supplier to their customers’ customer. In most instances, true collabo-
ration only occurs between the first-tier members and the focal manufacturer
either upward or downward on its supply chain. The responsibility for managing
members outside the first-tier circle is often handed off to the first-tier members
of the focal company. This in turn results in limited execution and poor
performance of the overall supply chain because the operation and information
of the whole supply chain are not fully synchronized.
In addition, SCM practices such as linked information systems, integrative
interorganizational processes, aligned goals, consistent measures, and shared
risks as well as rewards are commonly agreed upon, yet several barriers still can
prevent these practices from being widely adopted by supply chain members
(Frohlich, 2002). For example, Wagner (2003) indicated that setting up intercom-
pany communication and information systems, co-locating supplier personnel,
sharing technology, or investing in physical assets would consume enormous
amounts of manufacturer investment. Since firms’ resources are inevitably
limited, they can only integrate a small number of carefully selected suppliers.
Moreover, supply chain integration involves considerable interorganizational
changes. Serious commitments must exist among corresponding supply chain
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members or the necessary process changes cannot be fully materialized (Fawcett
& Magnan, 2002). As a result, the reality is that most companies implement
supply chain integration only in a limited and fragmented manner, with the result
being that the expected benefits are unable to be realized.

Supplier-Specific Investments, Environmental
Uncertainty and Coordination Requirements
in Supply Chain Integration

The adoption of supply chain integration has much to do with individual member’s
role within a supply chain (Halley & Nollet, 2002). Usually, supply chain
integration processes inevitably require idiosyncratic investments by either party
of the supply chain members. The roles suppliers play are directly associated
with the coordination efforts required in the supply chain integration processes.
Large OEM manufacturers often segment their suppliers and trading partners
into several categories by how much coordination effort is needed (Dyer, Cho,
& Chu, 1998; Krause, 1997). The preferred suppliers play a central role in the
value-creation process. They are usually logistical extensions of a large OEM
maker’s production system and may play the role of product and system design
specialist, flow specialist, and relational specialist (Halley & Nollet, 2002). In
such a transaction context, exchanges between OEM manufacturers and
preferred suppliers often extend beyond assets and physical goods to include
both information and knowledge (Giannakis & Croom, 2004; Simatupang et al.,
2002). In contrast, regular suppliers only integrate with their manufacturers in a
limited manner due to the commodity nature of the exchanges. As such, the
considerations of supply chain integration not only hinge on the scope and
sophistication of the implementation but also on the management of coordination
problems associated with idiosyncratic investments made (Jap, 1999).
In addition, supply chain system dynamics caused by environmental uncertainty
also bring about further coordination problems that require cooperation among
supply chain parties (Lee, Padmanabhan, & Whang, 1997; Towill, 1996). The
concept of the “information enriched supply chain” has been increasingly noticed
and leads to many innovative supply chain integration practices to counter the
negative impacts of bullwhip effects, deterministic chaos, and parallel interaction
among supply chain parties (Mason-Jones & Towill, 1999a; Wilding, 1998). For
example, the development of collaborative planning, forecasting, and replenish-
ment (CPFR) initiatives aims to increase the agility and responsiveness of a
supply chain through enhanced information visibility and transparency among
supply chain parties (Raghunathan, 1999). In such a collaboration context,
suppliers can receive forecasting and replenishment plans from customers to
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improve their production plans and reduce stock levels, whereas customers can
benefit from increased sales as their suppliers can supply the right goods in the
right place at the right time (Seifert, 2003). Nevertheless, the collaboration
processes inevitably require suppliers’ idiosyncratic investment and the sharing
of sensitive cost and process information on the part of the customer, which
accordingly changes the dependency and information structure of customers and
suppliers and leads to further coordination issues and concerns (Buvik &
Gronhaug, 2000; Lusch & Brown, 1996).
The aforementioned realities lead to the questions of what circumstances are
suitable for supplier-manufacturer cooperation for supply chain performance
improvement and how they manage the associated coordination problems. The
fundamental assumption underlying a closely collaborative relationship is that
this kind of relationship makes both the manufacturer and supplier better off than
when there is no such relationship (Iyer & Bergen, 1997). If the joint profits
achieved through collaboration are less than the sum of uncoordinated individual
profits or the allocated profits are less than the profits attained by individual
member without such coordination, then the coordinated efforts among supply
chain parties would not last for the long run (Kim, 2000). Therefore, the decision
as to whether or not to join a collaborative relationship and the stability of such
collaborative relationship largely hinge on how the “pie” could be expanded and
divided by the supply chain members (Jap, 1999; 2001). Due to the uncertain
nature of exchanges and bounded rationality of decision makers, however, there
is no such perfect solution that can once and for all effectively govern interfirm
collaboration process ex ante and ex post (Williamson, 1975). Accordingly, the
existence of flexible coordination mechanisms to support both pie expansion and
the division process becomes an important governance design issue to supply
chain integration (Jap, 1999; 2001).

Theoretical Foundation: Resource-Based
View and Transaction Cost Theory

The governance of interfirm collaboration has been well studied in terms of
resource-based view and transaction cost theory (Dyer & Singh, 1998; Rindfleisch
& Heide, 1997; Tsang, 2000). Resource-based view (RBV) provides insights
regarding value creation and dynamic efficiency of interfirm collaborative
relationships, whereas transaction cost analysis (TCA) enriches our knowledge
as to designing governance mechanisms with maximized value and minimized
transaction costs. Both theoretical explanations are incorporated as the founda-
tion for justifying the role virtual integration plays in supply chain integration and
for identifying the relevant antecedents to virtual integration in the later part of
the paper.
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According to Penrose (1959), firms are rent-seeking institutions and tend to
expand whenever profitable opportunities exist. Firms that are able to accumu-
late resources and capabilities that are rare, valuable, non-substitutable, and
difficult to imitate will achieve a competitive advantage over competing firms
(Barney, 1991; Dierickx & Cool, 1989; Rumelt, 1984). Amit and Schoemaker
(1993) further argue that specialization of assets is “a necessary condition for
rent” and “strategic assets by their very nature are specialized.”  Because firms
must do something specialized or unique to develop a competitive advantage, a
firm may choose to seek advantages by creating assets that are specialized in
conjunction with the assets of an alliance partner (Klein, Crawford, & Alchian,
1978; Teece, 1987). As a result, productivity gains and relational rents in the
value chain are possible when firms are purposely establishing idiosyncratic
interfirm linkages (Dyer & Singh, 1998).
The key to creating relational rents is the presence of relational-specific assets,
complementary resource endowments, knowledge-sharing routines, and effec-
tive governance (Dyer & Singh, 1998). Relational-specific assets include site-
specific, physical asset-specific and human capital-specific investments
(Williamson, 1985). Through relational-specific investments, relational rents are
generated in terms of reduced inventory and transportation costs, enhanced
product differentiation and quality, greater communication efficiency of transac-
tors, and faster product development cycles (Asanuma, 1989; Clark & Fujimoto,
1991). Complementary resource endowments can create synergy among alli-
ance parties because the combined resource endowments are more valuable,
rare, and difficult to imitate than they have been before they are combined
(Oliver, 1997). Interfirm knowledge-sharing routines are a pattern of interfirm
interactions that permit the transfer, recombination, and creation of specialized
knowledge (Grant, 1996). With superior institutionalized interfirm processes to
facilitate knowledge exchanges, alliance partners can learn through collabora-
tion and are more able to result in performance-enhancing innovations (Von
Hippel, 1988).
Governance plays a key role in the creation of relational rents, but it also
influences transaction costs as well as the willingness of alliances parties to
engage in value creation initiatives (Dyer, 1996). According to Coase’s (1937)
theorem, in the absence of transaction costs, parties to an exchange will devise
joint value-maximization exchanges regardless of their power differentials or
resource endowments (Williamson, 1996). However, transaction costs are never
really at zero in the real world; devising exchanges with maximized joint value
inevitably involves minimizing transaction costs of the exchanges. Especially
when considering the fact that transaction parties are self-interested, they would
not involve the exchanges unless their own share of the joint value exceeds their
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previous profits. Even though they have been engaged in the exchanging process,
transacting parties with disadvantageous ex post bargaining position would scale
back investment, adapt less, and forgo activities, and hence reduce value
creation of the exchanges (Grossman & Hart, 1986). Therefore, value claiming
also matters in addition to value creation, and TCA complements RBV in that
TCA provides detailed explanations regarding how transactors deal with value
claiming problems associated with transaction costs through governance design
(Ghosh & John, 1999; Williamson, 1991).
Theoretically, the design of governance mechanisms should consider securing
specific investments, adaptation problems, and performance measurement
issues (Rindfleisch & Heide, 1997). Securing specific investments is necessary
for increasing joint value creation of an exchange, yet it also poses a dilemma that
transaction parties may incur ex post bargaining costs and enforcement costs of
contracts (Poppo & Zenger, 1998). TCA approaches this problem by devising
forms of governance that possess sufficient safeguards to secure these valuable
but vulnerable investments in order to get as close as possible to joint value
maximization (Ghosh & John, 1999). Adaptation problems arise because trans-
acting parties continuously encounter uncertainties that require them to change
previously planned courses of action and decisions about the exchange. Given
that uncertainty may bring transacting parties with opportunity costs of malad-
aptation or coordination costs of haggling, governance design should either
facilitate fast abandonment of an exchange or facilitate faster revision of the
exchange relationship (Young-Ybarra & Wiersema, 1999). Performance mea-
surement problems happen when transacting parties have difficulties assessing
the contractual compliance of each other due to bounded rationality and
behavioral uncertainty (Rindfleisch & Heide, 1997). Because performance
evaluation problems incur screen and selection costs ex ante as well as
measurement costs and productivity losses issues ex post, governance design
should either support alleviation of the problems resulting from bounded rational-
ity and behavioral uncertainty or fall into the choice of vertical integration to
avoid transaction costs (Heide & John, 1990; Williamson, 1985).
Based on both RBV and TCA, governance design of interfirm exchanges should,
on the one hand, facilitate the creation of relational rents and, on the other hand,
provide mechanisms to minimize the problems of safeguarding specific invest-
ments, adaptation, and performance evaluation difficulties. Additionally, both
RBV and TCA point out that specific investments and uncertainty are critical
antecedents to value creation and value claiming. Therefore, this study will
incorporate both constructs as antecedent variables to examine the role virtual
integration played in supply chain integration.
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Governing Supply Chain Integration: Virtual
Integration as Means to Enhancing Transaction
Value and Economizing on Transaction Costs

Virtual integration uses technology and information to blur the traditional
boundaries in the value chain between suppliers, manufacturers, and customers
(Magretta, 1998). The firm begins by defining what it does best and focuses on
that, and then partners with other companies for capital and labor-intensive
services using the same quality and performance standards it uses. Instead of
governing exchanges through common ownership, virtual integration coordinates
a series of transactions based on open information-based partnerships that speed
the flow of data, improve efficiency, add customer value, and provide benefits
to the partners (Stapleton et al., 2001). Based on the principles of market
orientation, core competence, collaboration, and information partnership, virtual
integration provides benefits such as systems that become easier to form and
expand, lower capitalization requirements, maximization of local control and
autonomy, more streamlined decision making through fewer layers of corporate
bureaucracy, and more agility in identifying and responding to local market
growth opportunities (Stapleton et al., 2001).
The power of virtual integration originates from the ability of ICT to improve
(inter)organizational information processing capabilities (Bensaou &
Venkatraman, 1996). From the governance design viewpoint, virtual integration
can improve value creation and reduce ex post transaction costs of interfirm
exchanges. As to value creation, the utilization of ICT is complementary to the
specific investments made by exchanging partners. Through its electronic
communication and integration effects, ICT can play a role in helping to create
and support a set of governance arrangements that enable exchanges of
information and other goods to be carried out without large transaction costs
(Clemons et al., 1993; Gurbaxani & Whang, 1991; Malone et al., 1987). For
example, many innovative supply chain integration practices were introduced
and implemented with interorganizational information systems, such as post-
poned manufacturing, vendor-managed inventory (VMI) and CPFR
(Raghunathan, 1999; van Hoek, 1998; Waller, Johnson, & Davis, 1999). Addi-
tionally, ICT also has great potential in facilitating timely interfirm joint decision
making, coordination, process control, and feedback, all of which are essential
for implementing learning-by-monitoring mechanisms in a pragmatic collabora-
tion context (Helper, Macduffie, & Sabel, 2000; Scott, 2000). As such, ICT-
enabled virtual integration can facilitate interfirm knowledge sharing and, thus,
create the benefits of enhancing transaction value through interfirm learning.
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In addition, ICT has been argued to be able to reduce ex post transaction costs
through alleviating relation-specific investments and accommodating adaptation
problems. Regarding the former case, ICT-mediated transactions break the
limitations imposed by time and distance and make large scale relation-specific
investments less necessary. Even though ICT investments are required to
substitute for idiosyncratic physical or site-specific assets, ICT assets are less
likely to be relationship-specific than other investments designed to reduce
coordination costs between firms (Brynjolfsson, 1993; Clemens et al., 1993). As
a result, the threats of holdup and opportunism are alleviated through the
coordination of virtual integration. As to adaptation problems, the communicative
and integrative effects of ICT improve the coordination between transacting
parties and facilitate greater modification flexibility of the exchanging relation-
ships (Young-Ybarra &Wiersema, 1999). When the costs of haggling are too
expensive to maintain the exchanging relationships, transacting parties can more
easily exit the transacting relationships without the bonds of ownership and
hostages of considerable specific assets (Williamson, 1985; Young-Ybarra &
Wiersema, 1999). Accordingly, transaction adaptation problems can be ad-
dressed through efficient and flexible coordination enabled by ICT.
To examine the potential effects of ICT in governing supply chain integration, the
construct “virtual integration” is developed to capture the extent to which the
trading partners use ICT to implement two aspects of vertical coordination in the
supply chain: collaborative operation execution and collaborative process plan-
ning and control (Buvik & Gronhaug, 2000; Buvik & John, 2000; Morash &
Clinton, 1998). These two aspects of vertical coordination have been widely
addressed in prior studies and are combined to frame the domain of virtual
integration activities in this study (Narasimhan & Kim, 2001; Raghunathan,
1999). Collaborative operation execution refers to the extent to which ICT
facilitates the common operations between supply chain partners, such as
purchasing, production, and logistics operations, while collaborative process
planning and control represents the degree to which ICT is used to support
collaborative decision and performance control by the partners.

Conceptual Framework

This study aimed at investigating the antecedents and the role virtual integration
plays in supply chain integration. Through the theoretical lens of RBV and TCT,
virtual integration is reinterpreted to be a kind of governance mechanism.
Whether manufacturers rely on virtual integration to govern their suppliers
becomes a matter of governance mechanism choices. Therefore, based on the
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conceptual developments and theoretical background provided in the above
subsections, the conceptual framework of the study is depicted in Figure 1.
The central themes of the above framework are threefold. First, the exchange
attributes such as uncertainty and asset specificity are essential sources of
transaction values and costs to supply chain integration. Hence, they are
identified as one of the major sets of antecedents to the performance of supply
chain integration, that is, manufacturer performance. Second, the exchange
attributes can lead to numerous coordination problems, such as knowledge
sharing, interfirm learning, safeguarding investments, and mutual adaptation.
Such problems cause the supply chain parties to rely on virtual integration in
governing the exchange relationships to achieve higher transaction value as well
as reduce transaction costs. Finally, virtual integration can provide supporting
mechanisms to supply chain integration, and accordingly lead to greater supply
chain integration performance.

Research Hypotheses and Model

This section draws on resource-based view (RBV) and transaction cost theory
(TCT) to develop hypotheses that link transaction attributes and manufacturer
performance with virtual integration. The first group of hypotheses identifies the
direct effects of environmental uncertainty on virtual integration and
manufacturer’s manufacturing goals achieved; the second group identifies the
direct effects of suppliers’ specific investments on virtual integration and
manufacturers’ manufacturing goals achieved; finally, the third group relates
virtual integration to manufacturer’s manufacturing goals achieved.
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Effects of Environmental Uncertainty

The major challenge that environmental uncertainty imposes on a supply chain
is the increased coordination costs (Bensaou & Venkatraman, 1996). As a
manufacturer encounters demand volatility, a natural response to it is to raise
stock levels or to change ordering patterns frequently (Pagell, Newman, Hanna,
& Krause, 2000). These certainly would result in increased inventory and
coordination costs for both manufacturers and suppliers (Lee et al., 1997). When
taking into account industrial dynamics and time-varying behaviors of industrial
organizations, the demand expressed at each subsequent stage upstream in the
supply chain becomes even more cyclical and extreme in variation. Conse-
quently, not only are coordination efforts increased, but also other serious cost
and performance problems are incurred. For example, manufacturers and
suppliers may incur excess raw materials costs or material shortages due to poor
product planning and forecasting. Consequently, they are forced to spend
additional manufacturing expenses caused by excess capacity, inefficient utili-
zation, and overtime. Furthermore, excess warehousing expenses also arise as
higher stock levels are required to serve as buffers to countering uncertainties
(Towill, 1996).

H1: The greater the degree of environmental uncertainty faced by a
manufacturer, the less is the extent to which its manufacturing goals are
achieved.

Several remedies have been proposed to increase information processing and
coordination capabilities of a supply chain in response to poor supply chain
performance caused by environmental uncertainty. For example, just-in-time
(JIT) production practices, flexible manufacturing systems, logistical integration,
postponed manufacturing, and total cycle-time compression across the supply
chain are suggested as viable means to mitigate the influence of industrial
dynamics (Mason-Jones & Towill, 1999b). However, many of these practices
require the involvement of ICT to provide complementary information-process-
ing capacities. In fact, electronic integration along the supply chain is increas-
ingly important to firm performance in that “it is futile to spend millions of dollars
to reduce the manufacturing cycle time by one day while leave untouched two
to three-weeks of ordering time that dominates the total turnaround cycle” (van
der Vorst, Beulens, de Wit, & van Beek, 1998). Similarly, van Hoek (1998)
emphasized the important role of ICT-enabled integration in implementing
manufacturing postponement for effective mass customization. Mason-Jones
and Towill (1999b) also demonstrated the critical role of electronic integration in
bypassing informational distortions and thereby improving supply chain visibility.
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The proliferation of several well-known ICT-based integration programs has
manifested themselves in their ability to cope with demand volatility. For
example, the adoption of EDI has been proven useful in reducing the occurrence
of erroneous ordering information and accelerating ordering processes, thus
mitigating information distortions between trading firms (van der Vorst et al.,
1998). The implementation of VMI and CPFR programs can also fulfill the idea
of “substituting information for inventory,” and thus improves resource utilization
for both manufacturers and suppliers (Raghunathan, 1999; Waller et al., 1999).
With the aid of ICT-enabled integration programs, virtually integrated firms can
benefit from better common operations execution and joint planning and control
without necessarily being governed under common ownership. By improving
interfirm information processing and coordination, virtual integration can be seen
as a strategy to reducing the influence of uncertain environments (Forster &
Regan, 2001).
Lastly, environmental uncertainty causes information asymmetry to emerge and
therefore creates opportunities for either transaction party to behave opportunis-
tically. To reduce the increased transaction costs associated with higher
environmental uncertainty, some forms of vertical coordination mechanism
should exist (Buvik & Gronhaug, 2000). Since the proper use of ICT for supply
chain coordination can enhance manufacturers’ control capacity over suppliers
and the changeability of supply chains in responding to environmental uncertain-
ties, supply chain companies tend to have strong motivation to implement
electronic integration mechanisms for more efficient mutual adaptations, espe-
cially when the environment is highly uncertain.

H2: The greater the degree of environmental uncertainty faced by a
manufacturer, the greater is the extent to which it is virtually integrated with
its supplier.

Effects of Suppliers’ Transaction-Specific Investments

The role of specific-investment made by suppliers is growing in importance as
manufacturers increasingly externalize their core to seek collaborative advan-
tages (Dyer, 1996; Nesheim, 2001). Traditionally, proponents of the resource-
based view emphasized that a firm’s competitive advantage originates from
those resources and capabilities that are owned and controlled within the firm.
However, this notion has been challenged in that internal co-specialized re-
sources may become rigid and hamper performance when technological change
is rapid (Poppo & Zenger, 1998). Evidence also suggests that more and more
companies transact with external suppliers for tapping into a network of qualified
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suppliers, accessing competent personnel, and acquiring capacity in response to
unexpected demand volatility (Jones et al., 1997). Therefore, external transac-
tions are also regarded as extensions of a firm’s strategic core as long as
transacting parties make relation-specific investments and are able to combine
resources in unique ways (Dyer & Singh, 1998). Furthermore, external transac-
tions can also create the potential for gaining competitive advantages if transact-
ing parties specialize their relationships through interfirm knowledge-sharing
routines, complementary resource endowments and deploying effective gover-
nance mechanisms (Dyer & Singh, 1998).
Actually, numerous supply chain practices demonstrate the importance of a
supplier’s transaction-specific investments on improving supply chain perfor-
mance. Early supplier involvement is the one frequently adopted by strategic
suppliers in the automobile industry. As illustrated by Womack and Jones (1990),
first-tier suppliers of Toyota usually invest in developing a variety of parts and
present all the alternatives to Toyota before the carmaker decides on its own
vehicle concepts. With the specific investments made by the early-involved
suppliers, Toyota can solve problems in its product development process and
hence reduce the time-to-market on new product introduction (Levy, 1997).
Another example is the global logistics system that is commonly implemented in
the PC industry (Chen, 2002). With the PC industry’s efforts towards reduction
of lead time to market, coupled with lower production and inventory costs
requested by customers, many subcontractors are forced to upgrade their
positions within the global production system. They have gradually taken over the
essential functions of coordinating the global supply chain originally played by
their OEM customers, and, in turn, have participated in cross-border supply chain
management, logistics operations, and after-sales services. Because these
subcontractors had no prior experience in setting up a global-scale and quick-
response production and logistics networks, they have had to incur huge initial
sunk costs in order to meet the contractual requirements of their customers.
Owing to specific investments made by the suppliers to accommodate their
customers’ requests, the OEM makers reduce the need to handle inventory and
transportation costs, and hence can re-configure a leaner, more agile supply
chain (Huang & Lo, 2003; van Hoek, 2001).
Both examples illustrate suppliers’ contribution to overall supply chain perfor-
mance improvements through their idiosyncratic investments. Therefore, this
study proposes the following hypothesis:

H3: The greater the degree of specific investments made by a supplier, the
greater is the extent to which its customers’ manufacturing goals are
achieved.
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Although suppliers’ transaction-specific investments are rare, valuable, non-
substitutable, and difficult to imitate strategic resources for manufacturers in
creating relational rents and competitive advantages, when the “price” of using
such a governance mode is being considered, interfirm cooperation is not
necessarily the only choice for arranging exchanges with significant investments
(Dyer & Singh, 1998; Williamson, 1991). In particular, transaction-specific
investments can lead to information asymmetry and holdup problems, which in
turn may incur considerable transaction costs (Alchian & Demsetz, 1972; Klein
et al., 1978). To deal with these problems, transacting parties need to devise
corresponding governance mechanisms to minimize information costs and to
control opportunism (Kulkarni & Heriot, 1999; Stump & Heide, 1996).
 Vertical coordination has been argued to permit ongoing adjustments and
bargaining for transacting parties to split up transaction profits (Buvik & John,
2000). Through harmonized interaction patterns of vertical coordination, activity
sets of transacting parties can be revised or shifted without formal reassignment
of roles. Thereby, tightly coupled activities can be accomplished more smoothly
without one party inadvertently stepping on the other’s toes. Meanwhile, the
information flow aspect of vertical coordination induces the “cheap talks” effect,
or the tacit understanding among parties engaged in frequent interaction (Buvik
& John, 2000). With cheap talks among transacting parties, the receiver is able
to shift activities to accommodate changes occurring on the sender’s side
(Farrell & Gibbson, 1995). As such, transaction parties who need to make
transaction-specific investments can retrieve information and learn from the
other parties more effectively through the mechanism of vertical coordination
(Hult, Ketchen, & Slater, 2004). Consequently, transaction hazards resulting
from idiosyncratic investments could be greatly minimized.
Nevertheless, vertical coordination incurs coordination costs. Considering the
impact of supply chain dynamics, without accurate information processing
capacities vertical coordination can waste large amounts of communication and
maladaptation costs in the coordination process. In addition, transaction parties
need to closely cooperate and transfer knowledge with each other when
idiosyncratic investments are involved in an exchange (Germain, Droge, &
Christensen, 2001). Because interorganizational information systems can en-
hance information processing capability and support interorganizational learning
requirements, transacting parties may rely on ICT-enabled integration mecha-
nism to vertically coordinate with each other (Huber, 1991; Malone et al., 1987).
Therefore,

H4: The greater the degree of supplier’s specific investments, the greater is
the extent to which manufacturer is virtually integrated with this supplier.
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Virtual Integration and Manufacturing Performance

As pointed out by prior studies, today’s buyer-supplier relationship is character-
ized by the very nature of interdependence (Turner, LeMay, Hartley, & Wood,
2000). Once a supplier fails to perform, the buyer’s performance may be
adversely affected (Shin, Collier, & Wilson, 2000). The major advantage virtual
integration can bring about for managing supply chains is enhanced visibility
(Allem, 2000). With seamless information channels connected to suppliers,
manufacturers can track variations in suppliers’ production, product quality,
inventory levels, and delivery capability more easily. And, by receiving such
information in a more timely fashion, manufacturers are able to plan and adjust
their own operations more rapidly and thereby achieve greater adaptability to any
expected events caused by suppliers. By providing suppliers with timely infor-
mation regarding changes in their own plans, manufacturers also make suppliers
more responsive in making timely adjustments to such changes.
On the other hand, virtual integration is also critical to the implementation of
certain manufacturing practices that are regarded as important to increasing
manufacturing flexibility. For example, van Hoek (1998) empirically demon-
strates the important role of ICT in facilitating postponed manufacturing;
Koufteros, Vonderembse, and Doll (2001) put great emphasis on the role of
concurrent work-flow and early involvement in implementing concurrent engi-
neering, which may also benefit considerably from proper use of ICT. Thus, this
study suggests that a manufacturer’s manufacturing changeability to environ-
mental uncertainty should be significantly affected by the extent to which its
production and supply chain operations are electronically linked with suppliers.
Implementing virtual integration can also help manufacturers achieve low-cost
advantage in terms of efficient resource utilization in production and supply chain
operations (Christopher & Towill, 2000). Through the enabling effect of ICT,
supply chain costs can be lowered, speed of feedback and error correction
increased, agility of supply chain operations improved, and relationships between
trading partners enhanced. As such, existing bottlenecks in the supply chain may
be removed and variability of production flows leveled. According to “the theory
of swift, even flow,” improvements in procurement-production processes should
in turn lead to better manufacturing performance such as reduced production
cost (Schmenner & Swink, 1998). Also, with electronically integrated interfirm
processes, the performance of manufacturers’ production function and supply
chain operation can be greatly improved due to the elimination of waste in time,
inventory, and transportation (Mason-Jones & Towill, 1999b).
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H5: The greater the manufacturer’s reliance on virtual integration to
manage its supplier, the greater is the extent to which manufacturer’s
manufacturing goals are achieved.

Based on the above hypotheses, the research model of the study is depicted in
Figure 2. Note that we also incorporate normative contracts and buyer power as
control variables in the research model. Normative contracts reflect the trans-
acting parties’ social consensus or norms as to how to interact or deal with each
other in the transacting process (Macneil, 1978). Interfirm relational behaviors
such as cooperation are usually governed by normative contracts. Normative
contracts may affect virtual integration and supply chain performance through
its effects on interfirm relational behaviors, and hence is included in the research
model (Lusch & Brown, 1996). In addition, power structure is argued to have
profound impact on the results of profit division (Watson, 2001). It can also lead
to different interfirm relational behaviors if power imbalance exists (Anderson
& Weitz, 1989). As a result, this study includes both constructs as control
variables to eliminate potential confounding impacts on the dependent variables.

Figure 2. Research model
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Method

This section first describes the survey procedure and discusses sampling and
data collection methods. It then explains how the research constructs are
operationalized and measured.

Survey Procedure

A cross-sectional mail survey was administrated for collecting data from
randomly selected large and medium-sized manufacturing firms in Taiwan. A
draft survey was developed based on measures that were identified in the
literature as suitable for the current study. After compiling the English version
of the questionnaire, the draft survey items were first translated into Chinese by
a bilingual research associate and then verified and refined for translation
accuracy by one MIS professor and two senior PhD students. The Chinese
version of the draft was then pretested by two senior IS managers and two senior
purchasing managers for face and content validity, resulting in wording modifi-
cations of several survey items. The final version of the survey was distributed
to the senior purchasing managers of 980 manufacturing firms randomly selected
from the directory of the 2001 Top 5000 largest firms in Taiwan published by
China Credit Information Services, Ltd. This directory contains comprehensive
and authoritative data regarding the larger companies in Taiwan.
The low response rates typical in Taiwan and the resource constraints led us to
adopt the single-informant approach for the survey, even though a multifunction,
multi-respondent design is more effective for mitigating the threats of method
variance and informant bias. This limitation, however, can be partially alleviated
by choosing an informant who is the most knowledgeable about the research
issues in a company (Huber & Power, 1985). Since the purchasing function plays
a critical boundary-spanning role across trading companies (Stanley & Wisner,
2001) and its senior managers should also have a firm grasp of the conditions in
sales and manufacturing, it is believed that senior purchasing mangers should be
the most knowledgeable and reliable single informant within a company to
respond to our survey. This conjecture was confirmed by the senior managers
we interviewed during the pretesting phase of the survey instrument.

Sample

Through the procedures described above, 154 surveys were returned, with 145
having completed data usable for subsequent analysis, yielding an effective
response rate of 14.79%. Table 1 presents the characteristics of the responding
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firms. Although the response rate is not high and may be somewhat lower than
that of typical mail surveys conducted in UK and U.S., given the fact that many
companies in Taiwan are more conservative in answering surveys, our response
rate is in fact higher than that of similar studies conducted in Taiwan, which
according to our experience is typically around 10%. In addition, we believe that
demonstrating a lack of response bias is more important than a high response
rate. To ensure the representativeness of the responding firms, two statistical
analyses were conducted (Armstrong & Overton, 1977). First, we compared the
responding and nonresponding firms in terms of company assets and number of
employees; no significant differences between the two groups were found based
on the independent sample t test (p = 0.003 and 0.007, respectively). Then, the
respondents were further divided into two halves based on the dates of return.
The comparison on company assets and employee numbers of the two groups
again showed no significant differences based on the results of χ2 test (p = 0.556
and 0.558, respectively). Accordingly, the non-response bias should not be a
problem in this study.

Table 1. Demographic characteristics of the responding firms (n = 145)

 Percentage of 
Firms 

Total Assets (NT$) 

 Less than $0.8 Billion 

 $0.8 Billion - $1.2 Billion 

 $1.3 Billion - $2 Billion 

 $2.1 Billion - $4 Billion 

 $4.1 Billion - $8 Billion 

 Over $8 Billion 

 

  1.4 

12.4 

20.0 

30.3 

12.4 

23.4 

Number of Employees 

 Less than 100 

 101 - 500 

 501 - 1000 

 Over 3000 

 

  4.1 

44.8 

17.2 

33.8 

Industry 

 Automobile 

 Chemical 

 Computer & electronics 

 Machine & tool 

 Molds 

 Textile 

 Others 

 

  7.6 

  5.5 

55.2 

  6.2 

  8.3 

  6.2 

11.0 
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Measures

Multi-item scales were used for measuring the four research constructs and two
control variables, all designed to use five-point scale (see the Appendix for the
scale items).

Environmental Uncertainty (EU)

As discussed earlier, demand volatility is the primary source of environmental
uncertainty encountered by supply chain companies. Demand volatility, resulting
from bullwhip effect and clockspeed amplification, leads to unpredictability of
market demand. Four items about demand unpredictability have been enclosed
in the survey to measure environmental uncertainty: sales volume, purchase
volume, product specification or features, and required service supports. These
four items were selectively adapted from Artz and Brush (2000) and Cannon et
al. (2000), and constitute the formative scale of the construct (Chin, 1998).

Supplier’s Specific Investments (SSI)

According to Williamson (1996), transaction-specific investments encompass
site specificity, physical specificity, dedicated specificity, human specificity and
time specificity. The operationalization of this construct aims at assessing the
magnitude of investments made by suppliers. Therefore, eight items adapted
from Artz and Brush (2000), Joshi and Stump (1999), and Buvik and Gronhaug
(2000) were encompassed, forming a formative scale of the construct.

Virtual Integration (VI)

This construct attempts to capture the extent to which ICT-enabled integration
mechanisms are implemented and relied on by trading partners in a supply chain
to support common operation execution and joint process planning and control.
Based on past works on supply chain interaction, this study developed measure-
ment items corresponding to ICT-based interfirm integration activities including
order processing, market information sharing, production capacity coordination,
inventory level coordination, and support for logistics integration, material or
component design, conflict resolution, and quality control (Frohlich & Westbrook,
2001; Morash & Clinton, 1998; Narasimhan & Kim, 2001).
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Manufacturing Goals Achieved (MG)

To date, there is still no consensus regarding how supply chain performance
should be properly operationalized though numerous approaches have been
proposed (Beamon, 1996). This study, however, took a dyadic view to assess
manufacturer’s manufacturing goals achieved to evaluate the impact of trans-
action attributes and virtual integration. Such an approach has been suggested
by several SCM studies, and it can reflect that the ultimate benefits of supply
chain integration come from buying firms and suppliers (Krause, 1999; Narasimhan
& Jayaram, 1998). Based on these works, this study evaluated the extent of
improvements in the quality, dependability, and manufacturing flexibility of the
buying firm. These aspects of manufacturer performance link to the supply base
of a manufacturing firm in that they influence strategic outsourcing decisions and
management of suppliers in pursuit of these manufacturing goals (Narasimhan
& Jayaram, 1998).

Normative Contracts (NC)

This construct assesses manufacturer’s and supplier’s reliance on informal
agreements to govern their transaction relationship in the aspects of role
specification, planning, adjustment processes, monitoring procedures, incentive
system, and means of enforcement (Heide, 1994). Measurement items were
adapted from Lusch and Brown (1996) and Heide (1994).

Buyer Power (BP)

This construct attempts to capture manufacturer’s power relative to supplier to
reflect the degree of buyer’s dominance in a dyadic transacting relationship
(Cox, 2001). The measures assess the degree of supplier’s dependence on the
manufacturer for providing product specification and design, market information
and technical support. Operationalized items were primarily adapted from Cox
(2001) and Boyle and Dwyer (1995).

Analysis

Data analysis was conducted in two parts: measurement validation and hypoth-
esis testing. For measurement validation, the measures were examined by
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exploratory factor analysis (EFA) and the Cronbach reliability test to ensure the
measurement properties of the scales were sufficiently satisfied. Then, a
structural equation model was constructed for hypothesis testing. The software
packages used to perform the above statistical analyses were SPSS for Windows
8.0 and EQS for Windows 5.3.

Measurement Analysis

Because the formative nature of the scales and the limitation of sample size,
exploratory factor analysis (EFA), instead of confirmatory factor analysis, was
carried out individually for each construct to assess the underlying factor
structure of the measurement items. The measurement items were divided into
two groups for factor analysis with a varimax rotation. The threshold employed
for judging the significance of factor loadings was 0.50 (Hair, Anderson, Tatham,
& Black, 1992). Subjective methods used to determine the number of latent

Table 2. EFA results of the independent variables
 

 EU SSI NC BP Mean S.D. 
EU1 0.693    2.7034 1.1188 
EU2 0.845    2.4759 1.0677 
EU3 0.845    2.0483 1.0430 
EU4 0.786    2.2069 1.0344 
SSI1  0.805   3.0759 1.1431 
SSI2  0.690   3.0759 1.0677 
SSI3  0.825   3.3517 1.0771 
SSI4  0.854   3.2966 1.0873 
SSI5  0.861   3.3172 1.0455 
SSI6  0.842   3.1724 1.0297 
SSI7  0.856   3.3172 0.9768 
SSI8  0.818   3.3931 0.9810 
NC1   0.861  3.9931 0.7407 
NC2   0.907  4.0207 0.7019 
NC3   0.890  4.0276 0.6967 
NC4   0.764  3.8069 0.7197 
NC5   0.807  3.8897 0.7083 
NC6   0.595  3.6690 0.7911 
NC7   0.776  3.9034 0.7846 
NC8   0.825  3.9310 0.7787 
BP1    0.695 3.3379 1.0221 
BP2    0.710 3.3034 0.9812 
BP3    0.732 2.7103 1.0403 

Eigenvalue 2.620 5.743 5.344 1.855   
% of Var. 65.607 71.784 66.797 61.817   

 
Notes: EU—Environmental uncertainty; SSI—Supplier’s specific investments; NORM—Normative
contracts; BPWR—Buyer power
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variables included latent root criterion, scree test, and percentage of variance
explained. The results showed that items for measuring site specificity (SSI1),
legal remedies (NC6), standard of operational procedures (NC8), and purchas-
ing price (NC9) failed to load on the same factor as the other items, and thus were
dropped out from the subsequent analyses. In so doing, a clear factor structure
was obtained for all the items as shown in Table 2 and Table 3, demonstrating
convergent validity and thereby undimensionality of all the scales (O’Leary-
Kelly & Vokurka, 1998). In addition, all the scales explained more than 50% of
the data variances and thus were considered capturing sufficient data variations
and thus of acceptable quality (Heck, 1998).
Given the unidimensionality of the scales, Cronbach’s alpha was then used to
determine an unbiased estimate of measurement reliability (Nunnally, 1978),
which indicates the degree of internal consistency among the measurement
items and is inversely related to the degree to which a measure is contaminated
by random errors (Bollen, 1989). The value of coefficient alpha higher than the
threshold level of 0.70 was deemed to provide satisfactory reliability, which was
satisfied by all the scales as shown in Table 4 except for Buyer Power (BP). The

Table 3. EFA results of the dependent variables 

 VI QTY SP MF Mean S.D. 
VI1 0.852    3.2569 1.1015 
VI2 0.878    3.2778 1.0932 
VI3 0.827    3.2222 1.0474 
VI4 0.885    3.2986 1.0844 
VI5 0.883    3.2083 1.1023 
VI6 0.876    3.1944 1.0792 
VI7 0.889    3.1667 1.0774 
VI8 0.870    3.1181 1.1374 
VI9 0.853    3.1250 1.1023 

QTY1  0.786   3.7862 0.7187 
QTY2  0.783   3.7379 0.6974 
QTY3  0.858   3.6552 0.6910 
QTY4  0.772   3.7931 0.6656 
QTY5  0.770   3.8552 0.6453 
SP1 
SP2   0.738 

0.735  3.8069 
3.7862 

0.7002 
0.6891 

SP3   0.751  3.5517 0.8244 
SP4   0.735  3.5310 0.7822 
MF1    0.841 3.7448 0.7147 
MF2    0.856 3.6966 0.7667 
MF3    0.748 3.7379 0.7073 

Eigenvalue 6.946 3.563 2.856 2.534   
% of Var. 77.182 71.262 71.409 84.466   

 Notes: VI—Virtual integration; QTY—Quality; SP—Supplier performance; MF—Manufacturing
flexibility
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reason for lower reliability of BP may result from the fact that only three items
were employed to measure this construct.
For subsequent analysis, a composite score for each of the measures was
obtained by averaging their corresponding items and used as the indicant of the
underlying construct. The intercorrelations, means, and standard deviations of
the composite scores are shown in Table 4. Further, according to the test
recommended by Gaski (1986), the level of discriminant validity can be demon-
strated by showing that the correlation between any pair of scales is lower than
the reliability of both the scales. Since Table 4 demonstrates this pattern,
discriminant validity among the research variables clearly holds. Overall, it was
then concluded that all the scales were acceptably reliable and valid.

Hypotheses Testing

The structural equation modeling approach was applied to test the proposed
hypotheses. Since a full structural equation model including both the measure-
ment model and the structural model is too complicated with our sample size and
because the scales are largely formative in nature, a model in which each
construct was measured with a single indicant (i.e., the composite score) was

Table 4. The intercorrelations, means, standard deviations and reliability
of the composite scores

 

Construct EU SSI NC BP VI QTY SP MF 
EU (0.820)        
SSI -0.190**  (0.942)       
NC -0.125   0.274***  (0.925)      
BP -0.149   0.487***   0.114  (0.691)     
VI -0.042   0.378***   0.232***   0.371***  (0.963)    
QTY -0.049   0.305***   0.181**   0.210**   0.259***  (0.899)   
SP -0.008   0.263***   0.201**   0.121   0.288***   0.577***  (0.862)  
MF -0.041   0.272***   0.223***   0.114   0.194**   0.558***   0.609***   (0.908) 
Mean  2.359   3.250   3.905   3.117   3.208   3.766   3.669    3.726 
S.D.  0.859   0.888   0.600   0.798   0.959   0.577   0.632    0.671 

 Notes: EU—Environmental uncertainty; SSI—Supplier’s specific investments; NC—Normative
contracts; BP: Buyer power; VI—Virtual integration; QTY—Quality; SP—Supplier performance;
MF—Manufacturing flexibility; *** p<0.01, **p<0.05, Cronbach’s alphas are in parentheses
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constructed, as depicted in Figure 3. To avoid clutter, all the error terms were
omitted in the figure. After this simplification, the model satisfied the typical
requirements of five-to-one ratio and sample size larger than 100 for structural
equation analysis (Bentler & Chou, 1987). Even though all the constructs were
represented by a single indicant, the measurement errors can still be estimated.
The measurement errors of each scale were estimated as the product of (1-α)
and the variance of the composite score (Joreskog & Sorbom, 1982). Also, all
the path coefficients from error variance to construct were constrained to unity
for model identification. Further, as quality (QTY), dependability (SP), and
manufacturing flexibility (MF) are three dimensions of manufacturing goals
achieved, the composite score of the three constructs were used as indicators of
this higher order factor. The results of model estimation using EQS are shown
in Table 5.
As shown in Table 5, all the overall model fit indexes indicate an excellent fit of
the model, and the estimates of the structural parameters can then be used for
hypothesis testing. Of the five structural paths (hypotheses) analyzed, four are
significant with one-tailed test (p < 0.01). Meanwhile, the explained variance
(R2) of the two endogenous variables are all relatively high (R2 > 0.204),
indicating that most of the endogenous variables are well explained by the factors
proposed in the study. The following subsection provides a more detailed
discussion of the findings.

Figure 3. Structural equation model with path estimates
 

 
 
 
 
 
 
 
 
 
 
 
 

Environmental
Uncertainty

Supplier Specific
Investments

Virtual 
Integration

Manufacturing
Goals Achieved

EU
1

SSI

1

-0.039
-0.202**

0.137***

0.200*

0.078**

QTY

SP

MF

Buyer
Power

Normative
Contracts

0.208* 0.102*

0.513***

1
*
*

1

NC
1

BP

1

VI

Environmental
Uncertainty

Supplier Specific
Investments

Virtual 
Integration

Manufacturing
Goals Achieved

EU
1

SSI

1

-0.039
-0.202**

0.137***

0.200*

0.078**

QTY

SP

MF

Buyer
Power

Normative
Contracts

0.208* 0.102*

0.513***

1
*
*

1

NC
1

BP

1

VI



88   Tai, Wang, & Wang

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

Findings and Implications

As shown in Table 5, environmental uncertainty has an insignificant negative
effect on the manufacturing goals achieved. Although such result does not
support H1, the statistical effect is consistent with our proposition yet. Mean-
while, further investigation finds that the factor score of environmental uncer-
tainty reported by the responding firms was relatively low, which may decrease
the degree of negative impact of uncertainty imposed on manufacturing perfor-
mance (Pagell & Krause, 1999). The same problem may also cause environmen-
tal uncertainty to have a significant negative effect on manufacturer’s reliance
on virtual integration, which is in opposition to our proposition suggested in H2.
In fact, transaction cost economics suggests that either market or hybrid mode
are alternative governance structures for managing transactions under low
uncertainty, whereas market and firm are alternative governance structures
under the condition of high uncertainty (Williamson, 1991). The necessity of
vertical coordination mechanism as a means for facilitating mutual adaptation by
transacting parties is contingent on other factors such as asset specificity or
behavioral uncertainty (Anderson & Buvik, 2001). Without considering the initial
conditions of transaction parties and boundary conditions associated with
adaptation requirements, empirical results concerning the effects of environ-
mental uncertainty on vertical coordination mechanisms are often inconclusive
(John & Weitz, 1988; Klein, 1989). In other words, our empirical result regarding
H2 might indicate that adaptation is not so much a critical problem under
conditions of low uncertainty and medium asset specificity (cf. Table 4). Hybrid

Table 5. The results of model estimation

Construct  EU SSI NC BP VI R2 
Manufacturing 
Goals Achieved 

(MG) 

estimate 
S.E. 
z value 

-0.039 
0.055 

-0.713 

0.137*** 
0.053 
2.598 

0.102* 
0.072 
1.420 

 
0.078** 
0.043 
1.813 

0.204 

Virtual 
Integration 

(VI) 

estimate 
S.E. 
z value 

-0.202** 
0.113 

-1.795 

0.200* 
0.133 
1.501 

0.208* 
0.146 
1.426 

0.513** 
0.189 
2.718 

 0.264 

Overall model fit indexes: 

�
2(df: 11) =7.586; p = 0.750; NFI = 0.972; NNFI = 1.036; 

CFI = 1.000; IFI = 1.013; GFI = 0.987; AGFI = 0.958; RMR = 0.012 

 Notes: EU—Environmental uncertainty; SSI—Supplier’s specific investments; NC—Normative
contracts; BP—Buyer power; VI—Virtual integration; *** p<0.01, ** p<0.05, *p<0.1, one-tail test
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governance mechanisms such as normative contracts or long-term relationship
might suffice for providing adaptation capabilities for both transacting parties
(Macneil, 1978). In contrast, vertical coordination mechanisms such as virtual
integration might be too costly a governance mechanism for providing adaptation
capability in this situation, and, thus, are negatively associated with environment
uncertainty in this study.
The second set of hypotheses deriving from supplier’s transaction-specific
assets receives greater support from our empirical data. Supplier’s transaction-
specific investment is shown to have significantly positive effects on both
manufacturing goals achieved (H3) and virtual integration (H4). Support for H3
confirms this study’s conjecture that transaction-specific investments made by
a supplier is essential to improving supply chain performance in general and
manufacturer performance in specific. Support for H4, however, validates our
proposition that manufacturer and supplier would rely on virtual integration as a
viable vertical coordination mechanism when the exchange requires higher
levels of the supplier’s transaction specific investments. Because the supplier’s
transaction-specific investments require closer coordination and cooperation
with the manufacturer to realize its potential value, the manufacturer needs to
control and monitor its suppliers’ performance when the supplier holds asymmet-
ric information derived from its transaction-specific investments. The signifi-
cantly positive effect exhibited in H4 also corroborates the resource-based and
transaction-cost theory in that enhancing transaction value while controlling
opportunism are both important considerations in an exchange relationship.
Further, virtual integration, as hypothesized by H5, is indeed significantly and
positively associated with the achievement of manufacturing goals, indicating
that ICT-enabled integration is a useful mechanism for the manufacturer to

Table 6. Research hypotheses and empirical support obtained

Hypothesis Supported? 

(H1) Environmental Uncertainty →(-) Manufacturing Goals Achieved No 

(H2) Environmental Uncertainty → +)( Virtual Integration No 

(H3) Supplier’s Specific Investments → +)( Manufacturing Goals Achieved Yes 

(H4) Supplier Specific Investments → +)( Virtual Integration Yes 

(H5) Virtual Integration → +)(  Manufacturing Goals Achieved Yes 
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enhance its manufacturing flexibility, manufacturing quality and dependability.
By taking H4 and H5 together, we can see the important role of virtual integration
in mediating the effect of supplier’s specific investments on manufacturing goals
achieved; that is, supplier’s specific investments tend to motivate the manufac-
turer to electronically integrate with suppliers that have made such idiosyncratic
investments, which once again can enhance manufacturing goals achieved.
Actually, this also demonstrates the fact that formal coordination mechanisms
enabled by ICT can be beneficial to supply chain integration, resulting in greater
mutual adaptability between trading partners when there is strong need to learn
from each trading partner and to control potential hazards under the condition of
specific investments involved. Another implication of the above result is that
although most studies emphasize uncertainty reduction as the primary reason for
implementing ICT-enabled coordination mechanisms, this study demonstrates
that learning and control requirements are also important considerations to
implementing virtual integration (Mason-Jones & Towill, 1999a, 1999b; Towill,
1996).
Finally, although this study did not hypothesize the substantial relationships of
normative contracts and buyer power on the other variables in the research
model, the empirical results shown in Table 5 exhibit that both variables do have
significantly positive effects on virtual integration and manufacturing goals
achieved. Particularly, when the effects of normative contracts on both virtual
integration and manufacturing goals achieved are controlled, virtual integration
still has significant positive impact on manufacturing goals achieved, indicating
that virtual integration indeed is influential to manufacturing performance even
in a relational exchanging relationship (Lambert, Knemeyer, & Gardner, 2004).
Virtual integration is also affected by buyer power and normative contracts in
addition to supplier specific investments. These facts reveal that power and
social relationships might be other critical antecedents to implementation of
virtual integration (Hart & Saunders, 1998). Nevertheless, power is criticized to
be an ambiguous concept and is somewhat connected with the concept of asset
specificity (Williamson, 1996). Normative contracts often exist in a long-term
exchanging relationship, and its development relies on repeated or enduring
transaction relationships (Lambe, Spekman, & Hunt, 2000; Macneil, 1978). To
validate the relative explanatory power of transaction costs/resource-based,
power, and social relationships factors on virtual integration more precisely,
further research should explicitly delineate the interrelationships among these
factors and incorporate other contingency variables of the transaction relation-
ship, that is, previous relationships, as control variables to exclude potential
confounding effects.
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Conclusion

By conceptualizing virtual integration as a vertical coordination mechanism, this
study contributes to the literature by demonstrating the pivotal role that virtual
integration plays in effecting the achievement of manufacturing goals in supply
chain integration. First, the supplier’s idiosyncratic investments significantly
affect manufacturer’s manufacturing goals achieved. Since the supplier’s
specific investments are critical to the manufacturer’s own performance,
manufacturers are motivated to effectively manage their suppliers who made
considerable idiosyncratic investments. Second, the value of idiosyncratic
investments is highly dependent on the cooperation and coordinated efforts made
by transacting parties. To facilitate mutual adaptation while controlling potential
hazards, the manufacturer can rely on virtual integration to integrate its strategic
suppliers that make significant idiosyncratic investments. Third, the manufactur-
ers’ manufacturing goals can be greatly achieved owing to the fact that virtual
integration can facilitate exploring and exploitation of supplier’s specific invest-
ments through learning-by-monitoring mechanisms embedded in the
interorganizational information systems. In addition, as virtual integration brings
complementary collaboration between supplier and manufacturer, manufactur-
ing goals can be much more easily attained.
As to managerial implications, this study contributes to our understanding that
ICT-enabled collaboration can also be regarded as alternative governance
mechanism, that is, virtual integration. With ICT-enabled collaborative operation
execution and process planning and control, virtual integration supports both
value creation and transaction cost reduction. Therefore, virtual integration is
particularly an effective and useful governance mechanism for integrating
supply chain under the condition of significant asset specificity.
Although the empirical results are largely supportive to the effects of asset
specificity as indicated by TCT and RBV, the hypothesized effects of environ-
mental uncertainty not only do not receive empirical support but also exhibit
unexpected results in that environmental uncertainty and virtual integration are
significantly and negatively associated. Such an unexpected effect is opposed to
the majority of SCM and IOS literature that suggests that environmental
uncertainty would result in greater information-processing requirements and
hence lead to a greater level of ICT-mediated coordination (Mason-Jones,
1999a; Towill, 1996). Since many other interfirm factors that have been shown
to influence interorganizational information systems adoption are not included in
this study (for example, trust, commitment and dependence), potential confound-
ing effects may exist (Kumar & Crook, 1999; Kurnia & Johnston, 2000).
Therefore, further studies are suggested to incorporate contingency variables of
interorganizational relationship to further explore the substantial relationship
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between environmental uncertainty and virtual integration (Ramamurthy,
Premkumar, & Crum, 1999).
Finally, this study has several methodological limitations that may undermine the
validity of the results. First, because the study adopted a single-informant
approach based on the manufacturer’s perspective, respondent bias is possible.
Second, the study used perceptual measures, which might not accurately reflect
the objective or real relationships among the theoretical constructs examined.
Given the proposition that it is the perceptions of managers that largely determine
their actions and decisions, such a limitation might not be so serious. Still, further
development and validation of the measures utilized here are needed. Fourth, the
response rate of the survey appeared to be somewhat lower than the usual cases.
Even though the possibility of non-response bias had been checked and ruled out
at least statistically, the representativeness of the sample, and thus the
generalizability of the results, could still be limited, especially as the data were
collected only from manufacturing firms in Taiwan.
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Appendix

Survey Items

All survey items are five-point rating scales anchored as follows:

• Environmental Uncertainty, Supplier Specific Investments, Virtual Integra-
tion, Manufacturing Goals Achieved: 1, very low; 5, very high

• Normative Contracts, Buyer Power: 1, strongly disagree; 5, strongly agree

Environmental Uncertainty

Evaluate the following aspects of environment facing your company:

• (EU1) The unpredictability of your company’s sales volume
• (EU2) The unpredictability of volume purchased from your primary sup-

plier
• (EU3) The unpredictability of product specification or features from your

primary supplier
• (EU4) The unpredictability of service supports required from your primary

supplier

Supplier’s Transaction-specific Investments

Evaluate the extent to which your primary supplier has made the following
specific investments to your company:

• (SSI1) Plant proximal to your company
• (SSI2) Tooling and equipments
• (SSI3) Logistics and warehouse facilities
• (SSI4) Adjustments of manufacturing process to fit your company’s

specification of technology and standard
• (SSI5) Technology investments to produce components demand by your

company
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• (SSI6) Business processes reengineering to improve the performance of
the trading

• (SSI7) Significant time and money on training to work with your company
• (SSI8) Significant time and money on product and process qualification

approved by your company
• (SSI9) Significant time and money on timeliness of the trading

Normative Contracts

Evaluate the extent to which your primary supplier and your company rely on the
following shared norms to regulate each other’s trading behavior:

• (NC1) Role played
• (NC2) Responsibility
• (NC3) Behavior
• (NC4) Dealing with unexpected events
• (NC5) Dealing with conflicts
• (NC6) Legal remedies
• (NC7) Performance evaluation
• (NC8) Standard of operational procedures
• (NC9) Purchasing price
• (NC10) Purchasing volume
• (NC11) Purchasing duration

Buyer Power

Evaluate the extent to which you agree with the following statements about the
relationship between your company and your primary supplier:

• (BP1) Your primary supplier needs your company to provide suggestion on
product specification and design

• (BP2) Your primary supplier needs your company to provide market
information

• (BP3) Your primary supplier needs your company to provide technical
support
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Virtual Integration

Evaluate the extent to which your company and your primary supplier rely on the
supply chain information system to coordinate on the following:

• (VI1) Issuing purchasing order
• (VI2) Tracing purchasing order
• (VI3) Exchanging price and market information periodically
• (VI4) Quality control on the purchased goods
• (VI5) Cooperating on new material and component testing
• (VI6) Dealing with complains and solving conflicts
• (VI7) Coordinating production plan
• (VI8) Coordinating Inventory
• (VI9) Coordinating Logistics

Supply Chain Performance

Evaluate the extent of improvements in the quality, dependability and manufac-
turing flexibility of buying firm after launching and operation of the supply chain
information system:

• (QTY1) Product features
• (QTY2) Product reliability
• (QTY3) Product durability
• (QTY4) Product performance
• (QTY5) Conformance to the product specification
• (SP1) Speed of delivery
• (SP2) Reliability of delivery
• (SP3) Inventory costs
• (SP4) Shortage costs
• (MF1) Process flexibility
• (MF2) Volume flexibility
• (MF3) Mix flexibility
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Section II:

The Participants’
Role in Supply Chain

Management
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Chapter V

Trust and Transparency
in Netchains:

A Contradiction?
Gert Jan Hofstede, Wageningen University, The Netherlands

Abstract

This chapter analyses the effects of increased transparency in supply
netchains. The term netchain refers to both chain and network aspects.
Three levels of transparency are distinguished: history transparency (e.g.,
tracking and tracing), operations transparency (e.g., collaborative logistics
planning), and strategy transparency (e.g., joint innovation). Using an
example in the Dutch egg sector, the chapter shows how the role of the
individual company changes in a netchain and discusses the implications.
Though technology push makes transparency feasible and economically
attractive, social-psychological barriers exist that should be taken seriously.
A brief review of cases from several continents shows that these barriers
vary across cultures, depending on prevailing attitudes towards relationships
and authority. Transparency may run counter to tradition, to trust, and to
entrepreneurial freedom in the netchain, but it also offers opportunities for
creating netchains that are profitable to all participants. To grasp these
requires vision on behalf of those involved.
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Introduction

Over the last decades, the relations between partners in a trade network have
changed. This change was driven by technology, notably the arrival first of
electronic data interchange (EDI) and then of the World Wide Web and e-
business. The expectation of efficiency gains was a strong motivator for
companies to adopt the new technologies. But the changes are not limited to
efficiency gains. They also affect trade networks’ social and political dynamics.
In the food industry, for instance, they lead to heavy requirements for data
collection by primary producers, and possibly to increased dependency of
producers on factories or retailers.
It was Thorelli (1986) who introduced networks as a subject for organisation-
theoretical research. Relations and power balances in trade networks have
shifted due to technological advances. These changes have recently grown into
an important area of study. A specialised academic journal, based in the
Netherlands, has seen the light of day: the Journal on Chain and Network
Science. The Dutch government has stimulated joint research efforts by
business and research institutions to enhance knowledge about cooperation in the
e-age. In this chapter, we shall discuss those efforts and their results, giving
particular attention to the requirement for transparency in business networks and
the consequences of this requirement for relationships between the actors in the
network. Transparency has quickly become of great importance in the meat and
egg sectors due to the recent food scares in Europe (Beulens, 2003). In plant
sectors, fear of consuming genetically modified plant material has been a driver
for transparency. Thus, much of the experience has been collected in the food
and agribusiness industry.

hatchery packing 
station

laying hen 
farmnursery

veterinary

feed provider

product agency 
cattle, meat & eggs

trade, 
customer

Figure 1. Egg networks in The Netherlands (Arrows indicate flow of goods
or services)
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A business network in this sector could look like Figure 1. This network will serve
as an illustration in this chapter. There are one or two companies of each type
in the network. Hens move from hatchery through nursery to laying hen factory;
eggs move from there through packing station to customer. Feed providers and
veterinarians provide feed and medical services, respectively. The product
agency is responsible for both public relations and good conduct of the sector.
It also mediates with legislators and it lobbies on the sector’s behalf. A number
of parallel networks of similar composition exist in the Netherlands.
The Dutch agribusiness sector is at the forefront of network integration. Yet the
concepts discussed in this chapter are by no means limited to the agribusiness
sector. On the contrary, other sectors in which integration between actors has
not yet taken such a flight, for example, health care or building and construction,
could benefit from the experiences of the agribusiness sector.
Network integration frequently coincides with the adoption of business-to-
business (b2b) e-business. An important aspect of e-business is that it requires
formal standards of communication between organisations in a network. These
standards, in their turn, change relationships in many ways, both at the level of
operations and at strategic level. The role of stakeholders outside the network,
such as government and customers, also changes.
History has shown that it takes many years for new technologies to become
agents of social and institutional change. The telephone, the car, and the Internet
are cases in point. It can be expected that transparent networks will also take
many years to reach their full impact on business and society. What kind of an
impact will that be? Will it stifle entrepreneurial freedom and hamper innovation?
Will it reduce the smaller stakeholders in a netchain to slavery? Or will it lead to
wider horizons, joint innovation, and mutual benefits? What research is needed
to find out more about these matters? And how can enterprises proactively
influence the impact that networks will have on them?
In the chapter, we articulate these questions further and begin to answer them.
For this, we first introduce the main concepts of the field. Then we discuss
network integration, its drivers, and its consequences from an institutional point
of view. A discussion about the implications for research and for practice and
some concluding propositions terminate the chapter.
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Central Concepts

Chains, Networks, Netchains

Companies are necessarily connected to their suppliers and to their customers,
who are usually companies too. Most companies are also linked to competitors
and to service providers. Thorelli (1986, p. 38) remarks, “Probably the most
salient part of the environment of any firm   is other firms”. Since then, abstract
notions have been pinpointed to discuss the ties between companies (often called
“actors”).
The notion of chains, notably supply chains, has become important since the early
1990s. The concept and the literature were technology-driven at first. Logistical
savings and improved planning have been important organisational drivers. By
and large, supply chain  integration has become widespread. For many sectors,
it has become an economic necessity.
“Network” is a concept that originates from the social and organisational
sciences. The Web metaphor has recently been a powerful driver. According to
the Web metaphor, people as well as organisations are supposed to be part of
volatile, opportunistic networks. Virtual X, Y, or Z is a buzzword.
Often, “chains and networks” is used as if it were one word, as in the name of
the Journal on Chain and Network Science. This is because chains and
networks are two sides of the same coin. The word “chain” emphasises the
streams of goods, money, and information that flow between the participating
actors. The word “network” emphasises the nonlinear character of almost any
set of connected firms. Most authors also use it to signify the social relationships
that exist between the actors.
Recently, the concept netchain was coined (Lazzarini, Chaddad, & Cook, 2001)
to  reconcile the two terms. The authors define a netchain as “a set of networks
comprised of horizontal ties between firms within a particular industry or group,
which are sequentially arranged based on vertical ties between firms in different
layers” (p. 7).

Tracking and Tracing

The notion of chain brought to the fore the related notion of flows through that
chain: goods flow from producer to consumer, money flows in the reverse sense,
and information could flow both ways. In a situation where farmers directly sell
at markets or to village stores, knowing about the provenance or destination of
products is no problem. But in industrial agribusiness chains, information does not
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necessarily flow all the way. A customer often has trouble determining from
where his meat or fruit came. This lack of insight could be dangerous to public
health. In Figure 1, for instance, customers usually do not know from what farm
their egg came, and if they would fall ill after eating the egg, how could the
netchain make sure that all eggs that might also be contaminated are removed
from the shops? A technological solution was proposed and became popular
during the last decade—tracking and tracing.
Tracing is finding out the flow of products through a food chain after the fact.
Tracking is following products through the chain to see what happens to them.
Tracking and tracing are particularly useful in food scares, that is, when
customers fall ill after consuming food products. It enables the chain as a whole
to find out from where the contamination originated and where the products that
are dangerous to public health have gone. This allows the chain to warn all the
relevant stakeholders about the danger, so that the consequences remain limited.
Tracking and tracing are now operational in much of agribusiness. As of  January
1, 2005, the General Food Law (van der Meulen & van der Velden, 2004) obliges
all food companies in the European Union to keep track of from whom they
bought their food and to whom they sold it.

Transparency

Recently, the notion of transparency has come into fashion (Hofstede, 2002). It
takes a wider stance than just tracking and tracing. It connotes honesty, and
claims that anybody can see through what we produce and how we do it.
Transparency is aimed not only at businesses in the netchain but also at other
stakeholders, for instance, government bodies or firms’ shareholders. The public
at large, both as customers and as citizens, also comes into focus here.
A definition of transparency (Hofstede, Spaans, & Beulens, 2004, p. 290) is,
“Transparency of a netchain is the extent to which all the netchain’s stakeholders
have a shared understanding of, and access to, the product-related information
that they request, without loss, noise, delay and distortion.” In this definition,
product-related information is meant in the widest sense and can include, for
example, information about raw materials, production processes, labour circum-
stances, environmental impacts, or even cost prices. It can serve various aims,
for example, preserving identity, food safety, or adding value. Furthermore, the
words shared understanding merit attention. Without sharing or at least
seamless translation of language, meaning, and standards, there cannot be
transparency.
Though hyped, the quest for transparency is not new. It is at the heart of
accounting. Accounting aims at making the central financial figures of compa-
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nies transparent so that these companies are shown to abide by the law. A cynic
might find that accounting is in fact institutionalised distrust, since there is no
other reason for accounting than believing that the target organisations would not
be honest without it. Even worse, accounting does not help, as recent scandals
of, for example, Enron and Worldcom have shown. Thus, accounting and
transparency could be claimed to boil down to hiding the essentials.
As a buzzword, “transparency” is used for various purposes. Three aspects can
frequently be found, depending on whether transparency is aimed at the past,
present, or future. I shall label them history, operations, and strategy transparency.
History transparency is needed to track and trace products. Its main driver has
been the need to contain calamities. It should enable the netchain to respond
quickly and effectively as soon as defective products cause any damage. In the
case of agri-food netchains, this usually means consumers fall ill after consuming
a product, but it might also mean defective products are intercepted before
reaching consumers. In such a case, the cause of the problem must be traced,
and any other products that have become dangerous for public health have to be
destroyed.
Some preconditions hold for history transparency. Standards are needed for
product identification, and agreements are needed about procedures, for ex-
ample, keeping batches separate and cleaning equipment, so that contamination
does not spread. And all parties have to record their manipulations with the
products, using the same or at least compatible identification systems, so that the
identity of small product units can be preserved through the netchain. In the egg
case of Figure 1, achieving history transparency was one of the aims. Because
of this, the actors needed to agree on batch size and on not mixing batches, which
turned out to be tough going. Once agreements of this kind have been reached,
no communication is needed in the daily processes of the actors in the netchain.
The data can be kept in a central repository (see, for example, Wilson & Clarke,
1998) encrypted by keys, and need only be accessed in case of emergency. In
the food sector, history transparency is more and more being enforced by law or
by retailers, such as Ahold or Carrefour, who anticipate future regulations.
A netchain can use history transparency as a marketing device. Netchains incur
costs when they introduce history transparency, but such transparency could be
made to increase the products’ value. Customers may be willing to pay more if
they know the quality and provenance of the products. For instance, high-quality
meat chains provide a view of the   living conditions of their animals through
Webcams in shops (www.petersfarm.com). A more common quality indicator
is branding or certification. Sauvée (2000) discusses a case of branding in the
French tomato sector, showing that reputation is the driving force for a brand.
Operations transparency deals with information exchange between business
partners that enables them to coordinate their operations. It includes collabora-
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tive planning and logistics, as well as much of the communication in what is
usually termed supply chain management. Compared to history transparency, it
relies less on formal identification systems and information-technological infra-
structure, although these certainly are very helpful in most cases. But its main
use may be to help netchain partners signal exceptional circumstances in
advance, for example, a lapse in the supply or an unexpected price change. Such
signalling is likely to be at least partly voluntary.
Strategy transparency looks into the future. It involves sharing not only
operational, but also strategic information. It might also involve cooperative
innovation. It can be formalised, as in the case of joint ventures or licensing of
patents. Or it could be informal. Uzzi (1997) presents a simple case of strategy
transparency:

A typical example (…) was described by a manufacturer who stated that he
passes on critical information about “hot selling items” to his embedded ties
before the other firms in the market know about it, giving his close ties an
advantage in meeting the future demand. (p. 46)

History transparency is usually imposed on a netchain from the outside. The
other two are usually voluntary, and are not always distinct. Rather, they involve
different levels in the organisation. Strategy transparency takes place between
managers or R&D personnel, while operational transparency is part of the
routine of logistics and inventory planners.

Trust

Since the advent of the Web, quite a bit of literature about trust and its importance
in the age of electronic communication has seen the light of day. From this
literature it is apparent that trust is not the same thing to everyone. In this context,
Checkland and Holwell (1998) present a useful distinction of two strands of
research in information systems (IS). The “hard” tradition conceptualises
organisations as social entities that set up and seek to achieve goals. In this light,
interorganisational trust is instrumental. It is only needed for achieving the
organisation’s goals. The “soft” tradition sees organisations as social entities that
seek to manage relationships. This perspective is the one adopted here. It puts
trust centre stage. It implies that narrow, instrumental definitions of trust are not
sufficient to comprehend interorganisational ties that are needed for netchains
to function. It also implies that information systems should look to the social
sciences to define trust.
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Rousseau, Sitkin, Burt, and Camerer (1998) show that economists, psycholo-
gists, and sociologists tend to work with widely different conceptions of trust. We
shall adopt the compromise definition presented by Rousseau et al. (1998, p.
395): “Trust is a psychological state comprising the intention to accept vulnerabil-
ity based upon positive expectations of the intentions or behaviour of another.”
The keyword in this definition is vulnerability. Trusting people means that you
do not need to take the trouble of checking on them, accepting the chance that
they might cheat on you. Trust without vulnerability is gratuitous. This implies
trust can only increase gradually through being tested in situations of reciprocal
interdependency and not broken. As Julos Beaucarne (1975) put it in a poem,
“On ne bâtit pas de vieilles amities” (One cannot make old friends). Once broken,
trust is very hard to mend.
From an economic perspective, the definition above means trusting somebody is
a way to save transaction costs. To a psychologist, it means trusting somebody
makes one feel more secure, so one can give one’s attention to other things. A
sociologist might infer that the trusted person is a likely candidate for a network
of friends or business relations. These three perspectives basically point in the
same direction: trust is very valuable.
Uzzi (1997) presents a very enlightening empirical investigation into the relation-
ship between the economic and social scientific aspects of trust. In the New
York better-dress  sector, he found that close relationships of trust between
netchain partners indeed conform to the three advantages postulated from the
three perspectives. He uses the term embedded ties for durable business
relationships based on mutual trust. Embedded relationships were found to be
timesaving because “there was an absence of monitoring devices designed to
catch a thief” (p. 43). They involved complex coadaptation and allowed for
allocative efficiency gains, economies of time and risk reduction. Uzzi found that
in a way, one can “make old friends” through what he calls third-party referral.
If a friend introduces two members of his embedded network to one another, that
considerably speeds up the building of trust between the new acquaintances.
Uzzi (1997) contrasts embedded ties with arm’s length business relations. The
latter are not based on trust but on market-conform contracts without obligations
beyond the individual contract. The paradox of embeddedness, as he calls it, is
that “the same processes by which embeddedness creates a requisite fit with the
current environment can paradoxically reduce an organisation’s ability to adapt”
(p. 57). A case in point is the exit of an important partner in the embedded
network or the entry of powerful, arm’s length players that work strictly
according to one-shot deals. Therefore, Uzzi concludes, organisations would be
wise to not rely on either type of relationship alone but choose their mix
depending on their business environment.
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The cultural dimension of individualism versus collectivism can inform Uzzi’s
dichotomy (Hofstede, 2001). In individualist societies, the expectation is for
business relationships to be arm’s length and, accordingly, for economic rational-
ity to govern business life. Obviously this is not always really so, as Uzzi’s (1997)
New York case study reveals. At the other end of the spectrum, in collectivist
societies, the expectation is for relationships to be embedded. Within an in-group
people are “family,” and they are supposed to support one another through thick
and thin. This is why it takes more time for business relationships to develop in
collectivist countries than it does in individualist ones (Hofstede & Hofstede,
2005).
The recent debate on trust has been spurred by the advent of the Web with its
“virtual teams” in which neither the boss nor other team members are physically
present to check on one another. But trust is obviously much older than the Web
as a point of attention for organisational sciences and practices. It is, for instance,
central to the well-known notion of situational management developed by
Kenneth Blanchard (Blanchard & Johnson, 1978). Situational management
holds that if a manager trusts an employee to be both able and willing to perform
a task, that manager should not check on the employee but leave him alone. Why?
Because checking on the employee would mean to him that he is not being
trusted. Nor has trust been neglected in economics. In 1982, Fried wrote, “So
powerful a tool is trust that we pursue it for its own sake; we prefer to do things
cooperatively when we might have relied on fear or interest or worked alone”
(p. 8).
In conclusion, people who trust one another do not need to tell each other
anything just to show what they did. They only tell one another what they know
the other needs to know. So we see that in sharp contrast to transparency, trust
implies hiding all but the essentials. It also follows from the definition that any
voluntary action or communication by a netchain actor to help one of the other
actors is trust building. For instance, if a supplier voluntarily warns a buyer of a
lapse in supply, that action builds trust with the buyer. The buyer will tend to
reciprocate and will rely on the supplier to warn him again if needed. Thus, a
virtuous cycle ensues. If the warning is not perceived to be voluntary but
obligatory, no trust is built.

Netchain Integration

Netchain integration can be viewed from a process, an institutional, or a
performance perspective (Trienekens, 1999). Transparency has historically
been connected to tracking and tracing and to the process perspective. This
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perspective is important for history- and operations transparency. The perfor-
mance aspect is central to economic theory. In this chapter, we stress the
institutional aspect, integrating institutional economics with a social-scientific
perspective.

Drivers and Consequences

The technological advances of the last decades have dramatically changed the
nature of transaction costs for business-to-business trade. Electronic data
interchange (EDI) replaced paper administration, building on data definition
standards for the seamless integration of business order administrations. Creat-
ing these standards is costly, but once standards and EDI systems are in place,
economies of scale are strong. Tracking and tracing systems extend this trend.
Designing them is costly, but economies of scale are reached once they are in
place.
In addition to this technology push, there are external forces that drive netchain
integration. A very important force is the market. In the food and agribusiness,
as in other sectors, retailers are big players. Their customers have a choice of
competitors to go to, and most of them rely heavily on marketing and on product
innovations in order to lure customers into their shops. A closer integration of the
retailers with their suppliers could make them more flexible in their dealings with
customers, for example, for planning year-round availability of fresh produce.
Another external driver towards integration is government policy, itself influ-
enced by food scares. Both national and supranational governmental bodies
impose restrictions and obligations on food netchains. The French and the British
no doubt remember “la guerre du boeuf” that raged a few years ago at the time
of the BSE (“Mad cow disease”) crisis. More and more, governments and their
executive bodies require netchains as wholes to implement safety standards,
such as Hazard Analysis Critical Control Points (HACCP) or EUREP-GAP
Euro-Retailer Produce Working Group—Good Agricultural Practices (EUREP-
GAP, see www.eurep.org). As we saw, integration can be limited to history
transparency of product flow data, it can involve daily operations, or it can even
involve strategic cooperation.
The drawback of netchain integration is that opting out of a business relation
becomes costly. It frequently means changing standards, procedures, and/or
computer infrastructure. Also, if an actor opts out, he loses the capacities or
expertise for which he relied on other netchain actors (Uzzi, 1997).
Big players in a network can try to use electronic systems as an exit barrier to
tie smaller partners to them. Open standards are a means to limit the cost of exit



Trust and Transparency in Netchains   115

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

and entry. Frequently, big players try to enforce proprietary standards whereas
smaller ones develop and spread open standards.

An Egg Netchain

In 2001, aided by a subsidy from the KLICT foundation that promotes public/
private partnerships and network building (www.klict.org) and cooperating with
two universities and two consulting firms, eight small and medium-sized enter-
prises (SMEs) in the Dutch egg sector (see Figure 1) decided to try to form a
“virtual organisation.” The stated aim was to enhance cooperation in a virtual
network while maintaining the independence of the actors and their freedom to
entertain other business relations. Preventing food scares was one of the
objectives, but achieving economic benefits through better responsiveness to the
market was an important motivator.
The actors knew one another very well from community life in their rural area,
but they were not used to coordinating their businesses. They worked with yearly
arrangements about quantities and price, keeping dependency to a minimum. In
Uzzi’s (1997) terms the ties were embedded. However, the egg sector is
historically much less fashion-prone than the dress sector. As a consequence,
the intricate cooperation patterns aimed at responding to market fluctuation
expectations that Uzzi found had not developed in the egg sector. Instead, this
is a cost market. The actors rather had the feeling of having one pie to share
among them, and the fear that if they revealed vital information, others might use
that to cut themselves a larger slice. As a result, the firms’ willingness to share
confidential knowledge turned out to vary widely. Having every participant sign
a secrecy declaration and appointing a mediator helped build trust. The project
yielded a “Memorandum of Understanding and Principles” of largely symbolic
value, and most participants decided to join in a follow-up project. No actual
tracking and tracing system or other operational transparency medium was
delivered.
The project report (Mevissen, 2002) mentions some critical success factors:
involve people with decision-making authority to keep momentum, and keep the
project team constant to enhance trust. This latter result points to the fact that
trust builds among people, not organisations. A netchain thus consists of three
levels: the netchain as a whole, constituting organisations, and the people in those
organisations who actually cooperate.
Business-related communication increased from yearly superficial talks to
weekly alerts about expectations and trends, thus lifting operational and strategy
transparency to a much higher level. The participants also became aware that,
despite their modest size, together they accounted for about 30% of the Dutch



116   Hofstede

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

egg production. This made them realise that as a network they might wield some
power against competitors or against the big retailers. A final noteworthy result
is that the participants realised that staying independent while forming a network
was not possible. Even though they were free to do business on the side, the
investment in infrastructure, data definition, and agreements bound them to-
gether and made exiting costly.
To sum up, while tangible results were not impressive, trust building was
significant, and so was the acquisition by participants of a sense of agency at the
level of the netchain.

Institutional Mechanisms and Transparency

The concept of transparency pertains to only the information aspect of a
netchain. The information flow in a netchain is dependent on the organisation of
that netchain as a whole. The three archetypal mechanisms for network
governance are presented in Figure 2. Powell (1990) and Diederen (2004, p. 44)
inspired the figure. The three network mechanisms have different information
exchange patterns associated with them.
In a market, the actors have no obligations to each other apart from exchanging
things against an agreed price. In Uzzi’s (1997) words, a market requires no

Note: The corners of the triangle depict ideal types while the surface connotes the various mixes of
institutional mechanisms that can occur in a netchain.

Figure 2. The spectrum of institutional mechanisms (Hofstede, Spaans &
Beulens, 2004, p. 286 [From “The Emerging World of Chains and
Networks”]; Copyright, RBI Reed Business Information, reprinted with
permission)
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more than arm’s length ties. Information has its price, and withholding it can be
made to have its price—for example, by law. According to economic theory,
withholding information is detrimental to a market because it inhibits pricing.
In a hierarchy, the boss and inferior—in economic parlance, the principal and
agent—have asymmetric relationships (Eisenhardt, 1989). The principal has
paid the agent to provide some service, but may want to check on him if he does
not trust the agent’s ability or willingness to perform the task—here we see
Blanchard’s situational management at work (Blanchard & Johnson, 1978). The
principal then needs to know about the agent’s behaviour, but the agent does not
need to know about the principal. In netchains, certification is a mechanism for
checking whether agents keep their contractual arrangements.
Markets and hierarchies have long been the dominant institutional mechanisms
in the literature, notably transaction cost economics (Williamson, 1998) and
agency theory (Eisenhardt, 1989). Both rely on neoclassical economical rational-
ity of the participating   actors. But since authors such as Thorelli (1986) and Ring
and Van de Ven (1992), networks have received increasing attention. Ring and
Van de Ven distinguish two forms of networks: “recurrent contracting” and
“relational contracting.” The former consist of arm’s length ties and behave like
a market with habitual partners. In Figure 2, they would be located halfway from
the bottom axis. The latter are networks in the ideal-type sense, located at the
bottom left of Figure 2. We shall call them “fully embedded networks.”
Fully embedded networks contain only what Uzzi (1997) calls embedded ties. In
a fully embedded network, norms about how friends behave with regard to one
another regulate behaviour, not economics alone. Actors will provide one
another with goods or information, anticipating one another’s needs, knowing
that some time they will receive something in return if they need it. Fully
embedded networks have low transaction costs because no checking is needed.
Implicit trust takes the place of checking. This implies that it takes a lot of
investment to create them, though not in the financial sense. It takes common
understanding of the practices in the network, and this in turn may take a lot of
time. And such networks are, as Giddens (1997) would say, high-trust systems,
and building trust takes years.
In reality, netchains harbour a varied mixture of these exchange mechanisms.
They could be located anywhere in Figure 2, except opposite the network pole.
They might be part hierarchy if one actor holds more power than the others. They
might be part market if arm’s length ties prevail. The institutional mechanism that
prevails in a netchain is likely to affect the type and degree of transparency that
is economically efficient. This relation is moderated by market conditions, as the
comparison between the Dutch egg case and Uzzi’s (1997) New York dress
case shows.
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The Institutional Bottleneck

We shall now discuss in institutional terms the situation of a sector with both
arm’s length and embedded ties that considers achieving greater network
integration. In terms of Figure 2, this means moving from the right-hand “market”
corner of the triangle towards the left-hand “network” corner. It also means
relying more heavily on informal arrangements than on the small print of
contracts, and on long-term relationships rather than one-shot transactions.
Practice in the Netherlands reveals that talks between would-be netchain
partners tend to become strained once critical information has to be shared. Such
information, for example, on profit margins, is necessary in order to determine
how to divide the benefits, the costs of investments, but especially the costs of
risks. Actors sacrifice economic manoeuvreing room by providing strategic data
and committing themselves formally to their netchain partners. Such explicit
netchain integration runs counter to the usual gradual building of trust that
coincides with a slow movement from right to left in the institutional triangle of
Figure 2.
Hierarchy changes the pattern. Netchain building can proceed faster if a
dominant partner is present who can act as a “netchain leader.” The agricultural
smallholders in developing countries who supply to major retailers are a case in
point (Engel, 2002). But in this case, participation is hardly voluntary, and those
who feel they had no alternative but to join might not be very loyal to the netchain.
In the egg case, the partners were clear about not wishing a dominant partner in.
When netchain formation is an engineered process and not a spontaneous one,
the trust-building phase is critical. Several of the projects in the history of KLICT
confirmed this. In institutional terms, this phase occurs at the transition from a
market to a network. Therefore, we labelled it the institutional bottleneck. It
involves changing the mindset of the actors from seeing themselves as indepen-
dent companies in a market to being participants in a netchain. If this bottleneck
is not passed, the project will fail.

Discussion

Do Trust and Transparency Contradict...

History transparency can be and has been enforced through tracking and tracing
systems. To the extent that it is imposed upon the netchain, it is not trust building.
Primary producers in the agricultural sector cannot but comply, but they
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essentially perceive added data logging chores without any benefit other than
staying in business. In embedded netchains, history transparency may even
damage trust because the data collection activities required for tracking and
tracing may signify to actors that they are being checked on, and therefore not
trusted.

...Or Don’t They?

Yet the establishment of history transparency in a netchain can also be used as
a  stepping-stone for achieving trust-building forms of transparency. The act of
showing the  intent to share information builds trust itself. Managers have to meet
in order to agree on the scope of history transparency, and they can use these
contacts as a starting point for becoming better acquainted. What contacts about
history transparency can also do for them is sensitise them to the aggregation
level of the netchain in which they operate. This can help them get past the
institutional bottleneck. If they achieve agency at the level of the netchain, they
create a situation whereby all netchain actors can profit. As the egg case shows,
creating a group of people from all participating organisations who trust one
another and believe in the netchain is important. Such a team can help break
down the walls around the individual organisations. These people, if committed
to the team, can convince others in their respective organisations that there are
benefits to reap from netchain integration.
So, to avoid the contradiction between trust and transparency, giving primacy to
trust is important—at least in the Dutch context, as the egg case demonstrates.
In the egg project, the motivation was opportunity rather than enforcement, so
that providing one another with confidential data was an act of trust. In the same
vein, the project was not merely negatively motivated; the aim was not limited
to preventing food scares, but included creating better market value.

How to Lead a Netchain Across the World

Creating a netchain is an act of vision and of persuasion. One cannot force
partners into the netchain; if one could, the collaboration would more aptly be
called vertical integration. So there is always a measure of freedom, and no single
organization is boss. Yet at the same time, leadership is required for making a
netchain work. How to organize this? Hofstede (2004) argues that participants
are likely to organize a netchain according to a model of leadership that is familiar
to them. Hofstede, Schepers, Spaans, Trienekens, and  Beulens (2004) as-
sembled 20 case studies from around the world, and they confirm this suggestion.
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When it comes to organizing collaboration between organizations, locally suitable
leadership models are used.
The Dutch are culturally strongly co-operation-oriented (“feminine”) rather than
competition-oriented (“masculine”), compared with most countries (Hofstede &
Hofstede, 2005). This means that relentless pursuit of self-interest, either by an
individual or by a firm, is ill perceived in the Netherlands. It suggests that the
Dutch would be more prone to make and keep informal deals among companies,
and less likely to create open competition, than, for instance, the British and the
Americans. These latter are culturally similar to the Dutch in other regards, for
example, both are egalitarian societies. But they widely differ on the masculinity-
femininity dimension. Rademakers (1999) compared the Dutch and the British
potato sectors and indeed found more cooperation in The Netherlands compared
to either spot markets or hierarchical integration in the UK. This confirms the
expectation based on cultural difference.
In an Anglo context, one would expect competition to be more prevalent. Indeed,
competition in free markets is one of the central tenets of neoclassical economic
theory with its Anglo roots. Under neoclassical assumptions, cooperation in a
highly embedded netchain may lead to the suspicion that the netchain will try to
enforce market dominance against competitors. Thorelli (1986) mentions a case
of cooperation among U.S. hospitals and their suppliers that was motivated
purely by cost considerations but saw itself faced with a civil antitrust suit.
Other dimensions of culture also affect netchain governance, as indicated by the
cases in Hofstede, Trienekens, and Beulens (2004). In Thailand, a country with
a hierarchical, long-term oriented culture, government played a “parental,”
future-directed role in improving transparency about pesticide use on crops, both
for export and for local consumption. In Italy, where protecting traditional local
food products is highly valued, a transparency initiative in quality wines produced
by small growers was successful even though it forced traders to disclose their
source price. In Ghana, which has a short-term oriented culture, not government
but fair trade-oriented private initiative was the motor for change towards a
netchain with transparency that added value. In the Jepara wood trade in
Indonesia, which was in the hands of very small companies in a collectivist
society, business relationships were family relationships and transparency was
not an issue. In all these cases, the relation between trust and transparency was
different.
Summing up, we can conclude that national law and national culture affect the
type and level of institutional arrangement in a netchain. Since most netchains are
cross-national, this is an important area of study. In Hofstede,Schepers, Spaans,
Trienekens, and Beulens (2004), a chapter is devoted to discussing the dynamics
of trust and transparency across cultures.
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Trust by Accident

The above might convey a culture-dependent picture of the relation between
trust and transparency. But reality is so varied that one cannot draw simplistic
predictions based on culture. A case described by Storer in Hofstede, Schepers,
Spaans, Trienekens, and Beulens (2004) demonstrates this. It is about a
Japanese fast food chain and its Australian supplier. From a cultural viewpoint,
one would not expect these to be very closely integrated across the cultural gap.
But four years ago, a food scare happened. Customers in Japan found bits of
plastic in their pasta sauce. The sauce, including meat and onions, came from the
Australian producer. They were alerted by the Japanese, and soon a Japanese
delegation was in Australia, double-checking production. After two very strained
weeks in which nothing was found, the Japanese decided to have  another look
at the plastic and found out that it was, in fact, onion peel. It turned out that
Australians were used to onions with much harder peels than were Japanese. In
the initial panic, nobody had taken the trouble to check on the bits of  “plastic.”
After the Australians and the Japanese had been through such an ordeal
together, and had seen so much of one another’s companies, they were both
eager and willing to work on their mutual relationship. Four years later, this chain
is very transparent, well organized, and ahead of competitors. Nothing works
better for creating collaboration than having been through a hard time together.

Research Agenda

The area of netchains offers huge challenges to the social and economic
sciences. Three levels of aggregation are involved in a netchain. They are the
individual, the organisation, and the netchain. With some simplification, one could
say that these three levels have been the domains of social psychology, economy,
and sociology, respectively. But all three have to be simultaneously addressed in
the study of netchains. In a netchain, individuals interact who are supposed to
represent organisations that together form a new unit of agency.
Economics has grown branches towards sociology recently, with, for example,
institutional economics (Menard, 2000) and the work of some authors discussed
here (Lazzarini et al., 2001; Thorelli, 1986; Uzzi, 1997; Williamson, 1998).
Economics has also grown branches towards psychology, for example, behavioural
economics. But the integration is still weak, and the contribution from social
psychology almost nonexistent.
Netchains could be the research arena that unites the different strands of
research. Longitudinal empirical studies will be best suited to gather the rich
understanding that is needed to complement disciplinary research. But some
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laboratory research can complement this. One promising research method in this
area is simulation gaming, combining model-based settings abstracted from real
life with actual human behaviour (e.g., Hofstede, Kramer, Meijer, & Wijdemans,
2003; Meijer & Hofstede, 2003; www.netchaingame.org).

What Can Businesses Do?

Various forces drive network integration. Technology push combined with
concerns of governments about safety issues has led and will lead to history
transparency. Business incentives to achieve benefits of scale and logistic
savings lead to operations transparency. A concern for long-term relationships
can lead to strategy transparency.
But what do these forms of transparency imply for the role of entrepreneurs?
Network integration creates dependencies and, with them, obligations to one’s
partners and high costs of exit. This could stifle creativity and innovation.
Entrepreneurs could be made powerless by a web of obligations that ensnares
them! In the Dutch egg case, fear of being trapped did play a role. This fear had
better be taken seriously, for it is likely to potentially affect the viability of
netchains and the quality of their products and services. One way of avoiding
being trapped is to adopt or create open standards wherever possible, for
instance, for exchanging business-to-business messages with large buyers.
Transparency often begins with a request for history transparency issued by
government or by powerful netchain stakeholders close to the customer. Such
a beginning is likely to arouse defensive reactions among other stakeholders,
because it entails transaction costs without obvious benefits, and loss of
independence. But entrepreneurs should not leave it at this. They should take the
obligation as an opportunity. They can use the momentum to achieve more
profitable and forward-looking forms of transparency as well. If they cooperate
with their close neighbours, the new unit will be in a better position to compete
with other netchains. With luck, they might be turning “Big Brother” into big
business.

Conclusion

This chapter has developed a number of propositions, based on existing theory
from various disciplines that are relevant to netchain theory, as well as on some
empirical evidence from the Dutch egg sector.
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• Proposition 1: Trust and transparency in netchains can be contradictory,
because trust emphasizes showing only the essentials and transparency
may be construed as the art of hiding the essentials. This is the case if
transparency is imposed from outside the netchain, or if the netchain is in
fact institutionally a hierarchy and the leader imposes the transparency.

• Proposition 2: Three types of transparency can be distinguished: history,
operations, and strategy transparency. They have different drivers and
consequences. The latter two are usually voluntary and therefore trust-
building.

• Proposition 3: When studying the behaviour of netchains, it is important
to distinguish three levels of aggregation: the netchain, the participating
organisations, and the people in those organisations who actually make the
netchain run.

• Proposition 4: Even though history transparency is frequently imposed, it
can serve a netchain by bringing the stakeholders together and creating a
platform for achieving other forms of network integration, notably opera-
tions and strategy transparency.

• Proposition 5: Netchain integration differs across social settings. Basic
cultural parameters, as well as our nature as social beings, come into play
here. What some may call “being ensnared,” others may perceive as “being
connected.” Contingency factors, for example, the nature of a sector, the
presence of large or small actors in the sector, determine which institutional
arrangements are economically viable. Social psychological factors co-
determine which arrangements are acceptable to stakeholders. Where
economic viability and acceptability do not coincide, social unrest can be
expected.

• Proposition 6: This chapter is an example of work in the field of
interdisciplinary research called “chain and network studies.” Obviously,
this field is just emerging. But in our era of globally expanding economic
activity, it is an important field. No single discipline suffices. Contributions
from economics, technology, social psychology and cultural anthropology
will be needed to advance.
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Abstract

The purpose of this chapter is to develop a conceptual insight and an
integrated framework to global supply chain management through strategic
aspects of business philosophy as it pertains to the small- to mid-sized
supplier. Primary consideration is given to characteristics of the integrated
supply chain and the necessity of adaptation in managing the supply chain
in order to attain competitive advantage. A review of the current literature
and an analysis of the supply chain in changing global markets emphasize
the relative importance of strategically managing the supply chain process
given the limited resources of the small- to mid-sized firm. It is argued that
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managing the supply chain through the development of market specific
strategies allows the small to mid-sized firm to be anticipatory as opposed
to being reactive in its strategic planning, which can greatly benefit
customer satisfaction levels and thus enhance the performance of the firm.

Introduction

Supply chain management (SCM) as a strategy for competitive advantage has
gained prominence in both large and small organizations. An understanding of the
supply chain management concept from the perspective of suppliers and, in
particular, small and medium enterprises (SMEs) is crucial to the study of
vertical integration of global SCM. This understanding will better formulate
internal business strategies of suppliers by supporting both the objectives of the
supply chain and their own businesses. About 80% of the supply chain members
are SMEs, and a major impact and savings may well be found with the SMEs
within the supply chain (Smeltzer, 2002). By taking advantage of their position
and criticality in the supply chain, SMEs can add value and contribute to the
vertical integration essential in the supply chain. This creates advantages not just
for themselves, but also for other members within their supply chain.
By some definitions, a supply chain is a network of facilities that performs the
functions of procurement of material, transformation of material to intermediate
and finished products, and distribution of finished products to customers (Lee &
Billington, 1995). The supply opportunity analysis technique (SOAT) moves
away from a reactive to a proactive mode by taking (determining) the suppliers’
perspective (Bhattacharya, Coleman, & Brace, 1995). When customers demand
customized products, products often become increasingly complex. In addition,
the development and manufacturing of such products demand even greater
resources that need to be shared by the supply chain members. In addition, the
development and manufacturing of such products by the original equipment
manufacturing (OEM) partners require supply chain members to increasingly
share available resources as virtual partners (Rota, Thierry, & Bel, 2002). To the
suppliers, these virtual partnerships can provide both opportunities of growth and
threats of becoming obsolete from the supply chain. A supplier is usually involved
with multiple customers and therefore in several supply chains. The supplier
receives both firm orders and forecast orders. To be successful, the supplier
needs to negotiate these firm orders and the forecast orders with its suppliers.
To deliver customized products with short delivery times and high due-date
observance, to plan for the supplier’s own raw material requirements, it is
important for the customer to effectively share information (Rota et al., 2002).
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The transformation from reactive to proactive procurement parallels a transfor-
mation in relationships between suppliers and buyers. Suppliers have developed
partnerships with customer firms. This partnership has turned into collaborative
relationships or strategic alliances (Burt, Dobler, & Starling, 2003). The rising
cost of product development, globalization, and shorter product lead times have
been cited as important reasons for supplier collaboration (Bruce, Fiona, &
Dominic, 1995; Helper, 1991; Lamming, 1993). The involvement by partners has
a positive impact on strategic purchasing, and strategic purchasing has a positive
impact on a firm’s financial performance (Masella & Rangone, 2000). Even
though there are many benefits from this collaborative or alliance network
between suppliers and customers, there are obstacles. Trust plays a critical role
in such collaborative or alliance relationships between suppliers and customers
(Burt et al., 2003). However, such collaborations and alliances enable informa-
tion flow across the supply chain.
To answer questions such as why a supplier was not treated according to its
capabilities or why did engineering think it had capabilities when it did not, the
characteristics of the suppler has to be clearly articulated (Nellore, 2001).
Developing visions for suppliers can help OEMs to create clear expectations and
thus better the core capabilities of the buyer and supplier firms (Nellore, 2001).
OEMs also increase supplier involvement in product development and the share
of inbound just-in-time (JIT) deliveries. However, while suppliers increase their
outsourcing and globalization of production and product development activities,
OEMs do not (von Corswant & Fredriksson, 2002). By outsourcing certain
activities to specialized suppliers, companies can focus on those products and
activities that they are distinctively good at (Venkatesan, 1992). This specializa-
tion, enabling a reduction of the capital base, implies improved return on invested
capital (Quinn & Hilmer, 1994) and the possibility to benefit from economies of
scale. However, outsourcing means that important activities are placed outside
the boundaries of the firm (Richardson, 1972). In addition, coordination of these
activities demands vast resources, and many companies therefore strive to
reduce their supply bases (Cousins, 1999). A cooperative strategy between
OEMs and suppliers is needed to ensure efficient coordination of these activities.
Information flow enables such cooperative strategies.
A significant portion of product nonconformance costs can be directly attributed
to variation in supplier processes. To mitigate the effects of variation in the near
term it may be tactically prudent to assess tolerances to influential supplier
processes. Such tolerance allocation strategies tend to be adversarial in nature,
since the cost associated with a nonconforming product is principally borne by
suppliers via scrap and repair costs, not to mention costs associated with safety
stock increases, and so on. However, a more appropriate long-term strategy for



130   Sabbaghi & Vaidyanathan

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

reducing nonconformance costs is to consider ways to achieve a reduction of
variation in supplier processes (Plante, 2000). Variance reduction of a supplier’s
processes requires knowledge of what influences the process variation so that
appropriate improvement action can be undertaken in an informed manner.
Gaining such knowledge requires that organizations invest in and commit to
continuous learning (Plante, 2000). Companies such as Raytheon finds that 50%
to 70% of its product costs are represented by outside purchases, with a majority
of the material dollars spent on a few key parts provided by a few key suppliers.
To address this conundrum, the Raytheon Six Sigma with Suppliers process was
created, providing a set of tools and resources to help reduce supplier costs. The
Raytheon Six Sigma with suppliers process has six steps (visualize, commit,
prioritize, characterize, improve, and achieve), including an intense two-day
workshop, which requires a heavy involvement and commitment by the supplier.
Information flow between suppliers and customers can enable acquisition and
use of this process knowledge to reduce supplier costs.
Measures related to quality, cost, delivery, and flexibility have been used to
evaluate how well the suppliers are performing. Companies track supplier
performance over time to detect problems early. It is imperative for even small
businesses to establish performance measures (Knechtges & Watts, 2000).
Performance cannot be measured solely by past or current levels of sales and
profitability but should also include quantitative indicators of how the firm will do
in the future. A recent study showed that in a supply chain, the supplier
management practices adopted by first-tier suppliers affected second-tier
suppliers’ performance. Second-tier suppliers’ performance consequently influ-
enced both first-tier suppliers’ quality and delivery performance (Park &
Hartley, 2002). As performances of suppliers are evaluated regularly and
frequently, these problems can be mitigated easily and at an earlier stage. The
implementation of a successful supplier performance measurement system not
only clarifies supplier understanding of performance expectations, consequences
for poor performance, and rewards for performance excellence, but it also
provides documentation of actual supplier performance. Supplier performance
metrics can be used for a wide range of continuous improvement efforts. For
example, they can be the basis for a establishing a proactive supplier develop-
ment process, or making critical decisions when rationalizing the supply base, or
even for determining how to distribute costs over several suppliers to better
manage risk. Information flow of performance plays a critical part for maintain-
ing supplier relationships. Supplier process, performance, strategy, and relation-
ships can be made effective and efficient using information technology. Given
the symbiotic relationship existing between supplier and customer, all partici-
pants of the global supply chain need to be educated and trained to facilitate IT
adoption (Kirby & Turner, 1993).
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In the next section, we present the characteristics, opportunities and challenges
for SME companies and suppliers in general. Based on that discussion, we
illustrate a conceptual framework consisting of five dimensions for suppliers in
the third section. The remaining sections expand these five dimensions. The final
section presents a summary and conclusions of the five dimensions.

Small- to Medium-Sized Companies: Their
Characteristics, Opportunities, and Challenges

Small and medium enterprises (SMEs) have played a significant role in the global
supply chain management in various countries and in the landscape of global
business competition (Chapman, Ettkin, & Helms, 2000). As reported by the
U.S. Small Business Administration (USSBA, 1999), SMEs are an integral part
of the renewal process that pervades and defines market and economies. New
and small firms play a critical role in experimental and innovation that leads to
technological changes and productivity growth. With the emergence of the new
technologies, new products, new services, new markets, and new management
concepts, the pattern of competitive advantage for companies—particularly for
small- to medium-sized organizations—has changed and has subsequently led to
new opportunities and new challenges. There is no universally accepted defini-
tion of a small and medium enterprise (SME). In the literature, the definition of
SME varies based on the number of employees, ownership of the shares capital
investment, or financial turnover, among others (Reed, 1998; Taylor & Adair,
1994).
In order to better understand the strategic roles of SMEs in the global business,
it is important to recognize their inherent characteristics. SMEs are often
independently owned and operated and closely controlled by the owners/
managers who are the principal investors and decision makers having entrepre-
neurial behavior. The attitude and expression of values (cultural and personal)
of owners can play a significant role in the adoption of new technology and
strategy development (Stansfield & Grant, 2003). The decision maker, often an
entrepreneur or small network of associates, formulates attitudes based on
perception of its environment. The entrepreneur’s attitudes influence his/her
own behavior, such as decision making, and thereby have a direct impact on the
SME’s capability. They also influence an employee’s attitudes and behaviors
and thus affect the internal environment through the organizational culture
factor, and further indirectly affect the SME’s capability through that mecha-
nism.
SMEs are also characterized by an absence of standardization and formal
working relationships, having a flat organizational structure. Thus, they have a
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more organic organizational structure when compared to a more bureaucratic
structure in large firms (Ghobadian & Gallear, 1996). These characteristics
make SMEs more flexible to environmental changes (Levy, 1998; Storey &
Gressy, 1995) as well as incurring lower overhead expenses and thus are
perceived more innovative. Consequently, they have the potential of playing a
significant role in global competition. In particular, SMEs who possess/exhibit
entrepreneurial behavior can use the new information technologies as the
strategic tools to generate new products and services, and as driving force behind
new processes, new forms of business organization, new scope for consumers,
and new market opportunities and supply chain management.
The characteristics of an SME can determine the strategic opportunities and
challenges available to these companies, particularly in the area of supply chain
management. The entrepreneurial behavior of SMEs differentiates them from
larger companies in supply chain management, particularly in a cross-cultural
dimension and global market. While SMEs’ managers are more sales oriented,
they do not have a well-developed overall strategic plan. According to Dodge and
Robbins (1992), 64% of SMEs that failed did not have a business plan. SME
managers tend to rely on their tacit knowledge rather than systematic techniques
in supply chain management planning activities, such as vendor selection (Park
& Krishnan, 2001). The competitiveness of an SME is defined by its flexibility
to environmental changes and dependent on its owner/manager (OECD, 1993),
since the adoption of a strategic planning approach is affected by its ownership
structure (O’Regan & Ghobadian, 2002). However, they may have limited
resources required for efficient supply chain management and find themselves
encountering more barriers due to increased competition at national and interna-
tional levels, particularly when they do not have the resources to meet the
demands of their trading partners in the supply chain. SMEs that are subsidiaries
of larger organizations may be able to access resources from their parent
organizations (O’Regan & Ghobadian, 2002) and be able to overcome these
challenges of limited resources. However, they are typically responsible for their
local strategies and limited flexibility in their national and international strategies.
Furthermore, as managers of SMEs are usually holding multiple roles as
entrepreneur, and owner/manager, the management focus tends to be opera-
tional rather than strategic. However, in order to take advantage of supply chain
management as a means for competitive advantage and succeed, these compa-
nies need to take a strategic approach of supply chain management. In particular,
SMEs are challenged to balance their short-term operational focus with long-
term strategies and technological innovations. This in turn requires greater
financial and technical resources. The lack of resources required for effective-
ness and efficiency is another major challenge for SMEs in adopting appropriate
strategies for their supply chain management, particularly in their quest for global
competition.
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Small to medium suppliers are less resourceful and often play niche roles within
the supply chain as a commodity supplier, collaboration specialist, technology
specialist, and problem-solving supplier (Kaufman, Wood, & Theyel, 2000) as
shown in Table 1. The supplier topology divides along two dimensions: technol-
ogy and collaboration. By dividing these dimensions into high and low categories,
Kaufman et al. (2000) create four distinct supplier strategies. The top left
quadrant defines suppliers who use standard technologies and relate to custom-
ers through standard market contracts. These suppliers compete on the basis of
low cost. These suppliers can be replaced since switching costs are low. These
commodity suppliers design and sell parts to their customers as specified by their
customers. The top right quadrant describes collaboration specialists. These
suppliers use standard technologies that meet customer specifications and
delivery schedules. However, these firms develop enhanced collaborative
techniques to fulfill current and to anticipate future customer needs. These
suppliers use vendor managed inventory (VMI) strategy. The collaboration
essentially requires accurate and timely information. They reduce the custom-
ers’ internal monitoring or administrative costs.
The suppliers in the lower right quadrant are the problem-solver suppliers. They
help their customers to avoid costly investments in specific resources. They

Table 1. Strategic supplier typology

Low
Collaboration

High
Collaboration

Low
Technology

High
Collaboration

Commodity Supplier
• Spot market supplier

• Low cost, low price priorities

• Little or no differentiation

Collaboration Specialist
• Detailed control parts supplier

• Uses a closed network in each
industry

• Can be in many industries to
maintain customer product in-
formation

Technology Specialist
• Proprietary parts supplier

• Innovation in product tech-
nology used to produce high
barriers to entry

• First mover advantages

• Uses design capabilities for
competitive advantage

Problem-solving Supplier
• Black box supplier

• High differentiation

• Cost less important

• Small runs, high process and
labor flexibility
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employ both advanced technologies and collaborative methods in promoting
innovative design and manufacture of supplied parts. The bottom left quadrant
defines the technology specialists. They supply proprietary parts using advanced
technologies. However, they have weak relationships with customers and the
customers benefit from acquiring high technology parts without having to invest
in resources. These different suppliers can also be classified as subcontractors
who are connected to their customers through supply networks and play
coordinating roles between both domestic and foreign players (Andersen &
Christensen, 2005).
The common theme in this four dimensional topology is information technology
(IT). Information technology is perceived as a critical enabler for efficient
exchange of information between the SMEs and the members of supply chain
management, and to improve organizational performance and enhance competi-
tive advantage. However, due to resource constraints, SMEs place lower priority
on IT investments. Thus, SMEs differ from large companies in their supply chain
management practices and technology. Large companies have a greater scope
of operation and thus are more likely to be involved in diverse markets. They can
spread costly new systems over large units of production, and have internal
technical development and maintenance capabilities (Smeltzer, 2001). SME
managers and, in particular, small business entrepreneurs, tend to lack or not
value many of the basic skills needed to adopt and implement networked
processes. They are not operationally inclined or concerned with issues of
managing their supply base methodically. They are keen to sell more. Larger
firms have invested time and money in implementing their enterprise resource
planning (ERP) and e-commerce strategies, including e-procurement and online
selling, integrating with these firms can be frustrating. SMEs must develop the
business planning skills to identify, select, and implement the supporting technol-
ogy. Particularly, SMEs must adopt an integrated system such as ERP, e-
commerce, and e-procurement systems to support their supply chain manage-
ment and be able to “pull through” from downstream customers.
In the context of Porter’s framework of competitive advantage strategies, and
given the characteristics, opportunities, and challenges facing SMEs, the com-
petitive success of these companies may not critically depend on price leadership
or differentiation strategies but on how they are unique and critical to their trading
partners (Quayle, 2002). In this context, SMEs could focus on meeting ultimate
customers’ needs, strive to supply quality products/services, and add value to
meet the demands of their supply chains. Thus, it is essential that SMEs can link
their business strategies to that of the supply chain. The organic organizational
structure of SMEs should enable them to develop strategic alliances with their
trading partners in the supply chain so that they are able to leverage the skills and
expertise of supply chain partners to gain strategic advantage for the whole
chain.
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Conceptual Framework

Forrester (1958) viewed a supply chain as part of industrial dynamics, alterna-
tively known as system dynamics and management system dynamics; it is
broadly defined as the application of feedback thinking and control engineering
concepts to the study of economic, business, and organizational systems. System
dynamics is concerned with problem solving in living systems that bring together
machines, people, and organizations. It links together the system theory and the
control theory so that we are able to generate added insight into system dynamic
behavior and, particularly, into the underlying causal relationships in the context
of global performance of the system and internal control. In this context, supply
chain is defined as a system of business enterprises that link together to satisfy
customer demands and to provide value to the end customer in terms of product
and services. We can discern a distinct generic procedure as part of the
production/operation process in a supply chain that is called an echelon. In their
most basic form, materials/goods flow from one echelon to the next until they
reach the end customer. In reality, however, supply chains do not exist in
isolation, but form part of a network of supply chains satisfying different
demands.
Figure 1 describes a framework for suppliers in the global integrated supply
chain. The four major dimensions of the framework include strategy, process,

Figure 1. Integration framework for supplier network
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partnership, and performance. These dimensions are enabled by the fifth
dimension, global information flow. The ultimate goal in supply chain manage-
ment is to create value for the end customers and the firms in the supply chain
network. To accomplish this, firms in the supply chain network must integrate all
their supply chain process activities both internally and with other firms in the
network. This integrated supply chain process needs a supply chain strategy. The
strategic fit requires the firm to achieve a balance between its responsiveness
and its efficiency in its supply chain that best meets the requirements of its
competitive strategy. The supply chain performance of the firm with respect to
its supply chain strategy is in terms of its responsiveness and efficiency (Chopra
& Meindl, 2004). Furthermore, to create value for the supply chain network, it
is critical that suppliers and customers develop strong relationships and partner-
ships based on a strategic perspective. Good supplier relationships are a key
ingredient necessary for developing an integrated supply chain network (Wisner,
Leong, & Tan, 2005). Good supplier and customer relationships and a great
supply chain strategy are not enough to create value in an efficient, integrated
supply chain process. The supportive role of information technology is essential
along with the use of information technology to measure the supply chain
performance. This provides the firm with the ability to make decisions about
supply chain improvements. It is generally accepted in the literature that today’s
forward thinking managers use an integrated approach to managing their
business by using quantitative and technological tools to bring together multiple
facets of the business including, but not limited to, procurement, inventory
management, manufacturing, logistics, distribution, and sales. It has been argued
that the next century’s paradigm for addressing challenges from increasingly
demanding customers and global competition will rely on the effective use of
information sharing and inventory control to streamline operations and coordi-
nate activities throughout the supply chain. The conceptual integrated frame-
work of the supply chain network brings collaboration and information sharing to
fruition. The collaboration and information sharing results in reduced supply
chain costs, greater flexibility to respond to market changes, less safety stock,
higher quality, reduced time to market, and better utilization of resources (Wisner
et al., 2005).

Integrated Process

According to the Global Supply Chain Forum, supply chain management is
defined as the integration of key business processes from end user through
original suppliers that provides products, services, and information that add value
for customers and other stakeholders (Croxton, Garcia-Dastugue, & Lambert,
2001). This definition identifies eight key processes as the core of supply chain
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management. The eight processes include: (1) customer relationship manage-
ment, (2) customer service management, (3) demand management, (4) order
fulfillment management, (5) manufacturing flow management, (6) supplier
relationship management, (7) product development and commercialization, and
(8) returns management. These processes transcend the length of the supply
chain cutting through firms and functional silos alike. These processes also
provide a framework for various aspects of strategic and tactical issues present
in the supply chain processes. The integration of such processes would allow
successful management of the supply chain for the suppliers as well.
Figure 2 shows a relatively simple and generic supply chain that links a company
with its suppliers upstream and its distributors and customers downstream.
Upstream supply chain includes the organization’s first-tier suppliers and their
suppliers. Such a relationship can be extended in several tiers all the way to the
origin of material. Downstream supply chain includes all the processes involved
in delivering the product or service to the final customers. Thus, there are
physical flows in the form of raw materials, work-in-process inventories, and
finished products/services, between supply chain echelons, from suppliers/
vendors to manufacturers to distributors and retailers, and to consumers. Supply
chain also includes the movement of information and money, and the procedures
that support the movement of a product/service. Managing these physical and
informational flows effectively and efficiently requires an integration approach
that promotes organizational relationship and fosters the sharing of strategic and
technological efforts (Sabbaghi & Sabbaghi, 2004).
An effective supply chain management has required an integrated approach and
collaboration among the various tiers of suppliers and retailers, and has led to
information sharing relations. In 1995, a pilot project between Wal-Mart,
Warner-Lambert, Benchmarking Partners, SAP, and Manugistics led to the

Figure 2. Integrated supply chain process 
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concept of collaborative planning, forecasting and replenishment (CPFR) (Cooke,
1998). Skoett-Larsen, Thernoe, and Anderson (2003) have defined three levels
of CPFR: (1) basic CPFR collaboration that only involves few business pro-
cesses and a limited integration with trading partners, (2) developed CPFR
collaboration that is characterized by increased integration in several collabora-
tion areas, and (3) advanced CPFR collaboration that deals with synchronization
of dialogue between the parties in addition to data exchange. While in basic
CPFR, the supply chain partners will usually choose a few key processes
relevant to precisely their form of collaboration with customers and suppliers, in
developed CPFR the parties start to coordinate data and information exchange
by making agreements about the type of information sharing and exchanges. In
advanced CPFR, the collaboration will be expanded to coordinate processes
within forecasting, replenishment, and planning. The planning processes may in
turn be decomposed into collaboration on production planning, product develop-
ment, transport planning, and market activities.
CPFR is a set of norms and procedures created by the Voluntary Inter-industry
Commerce Standards (VICS) Association to drive companies toward common
business planning procedures and to search for efficiency in the supply chain
while establishing standards to facilitate the physical and informational flow. The
CPER model is part of the integration mechanism among these processes and a
valuable technological innovation tool to support the implementation of various
types of transactions among the supply chain companies. These norms would
provide the foundations for companies in the supply chain to collaborate in
sharing data and information, in forecasting and ordering, in better production and
distribution, and to achieve a global optimum of cost and services. Successful
collaboration and implementation of CPFR norms would enhance the partnership
in a supply chain. This would lead to lower costs, improved product or service
quality, better customer service, quicker project results, reduced cycle time/lead
time, and improved value to customers. Furthermore, managing business pro-
cesses requires both internal and external knowledge about the company’s
operations and its strategies, as the development of effective behavior standards
influences operational processes among the partners in the supply chain. Thus,
given the constant need for innovation in organizational processes and corre-
sponding information technology, CPFR can be viewed as a tool for competitive
advantage in the supply chain.
The effective competitiveness of supply chain between supplier and customer
partly depends on the effectiveness and efficiency of the flow of order and
information between various parties in the supply chain. Participating organiza-
tions need to adopt an appropriate business model and culture that facilitate inter-
organizational integration, sharing of skills and knowledge, and enable change in
response to market forces. The challenge at the front end, before the order, is
to have relationships with suppliers over time using as much electronic technol-
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ogy as possible to be able to source product availability in real time, to meet the
customers’ requirements. At the back end, the challenge is to understand and
identify the best way to integrate with all their suppliers. This requires system
standardization that allows suppliers to easily connect into their IT systems to
improve not only their data communication facilities but also improve their
business processes and facilitate collaboration between partners. This can be
supported by the use of an integrated enterprise-wide information system such
as enterprise resource planning (ERP) system. Enterprises, particularly SMEs
within a supply chain, must then be evaluated as to added value in this process
provided to customers and by their working relationships and partnerships to
improve their performance and competitiveness. Where material and component
suppliers are regarded as partners in the activity of satisfying customers, the
adversarial approach to supplier auditing is not appropriate. All aspects of the
supplier’s business process, from receiving and reviewing an order, through
manufacture to delivery, needs to be reviewed by the auditor to ensure that they
meet minimum acceptable standards and to identify opportunities to improve.
The auditor acts as an independent observer in reviewing the SCM system. This
method aims to identify opportunities for improvement in the customer-supplier
relationship that will improve quality, delivery, and service (Saunders, 1994).
In a move to remain competitive, many OEMs have resorted to outsourcing a
large amount of design and manufacturing work. In so doing, they have
repositioned themselves as customer-focused market players instead of design
and manufacturing experts. This repositioning has consequently led to an
increased reliance on the Tier 1 suppliers. With increased reliance comes
increased pressure. Because of these new market changes, today’s suppliers
are facing a significant shift in responsibilities: while their share of the design and
development responsibilities has increased, there is a concomitant expectation
that costs will decrease. Furthermore, suppliers have multiple OEMs and
consequently need to respond to multiple process integration. There is an
increased focus on suppliers becoming leaner, as well as a push for heightened
investment in rigorous processes that focus on innovation in close collaboration
with OEM customers. A significant factor contributing to the length of product
development is the time and process required in responding to design changes.
Communicating design changes in language relevant to or understood by both the
manufacturer and supplier is difficult, time consuming, and expensive. Evaluat-
ing the impact of change, reaching agreement on options, and implementing the
change can take months due to the back and forth communication between all
parties involved in the project. This complex communication process involves
exchanging and remastering design information in a variety of formats during
product design, analysis, and change. This can be improved by using a collabo-
ration tool that shares design intelligence between these departments, dramati-
cally shortening the time to communicate change, evaluate tradeoffs, and make
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decisions. Engineering supply chain collaboration also results in early problem
detection, saving time and money for all involved, and making it easy to tie and
integrate processes from various OEMs and respond to them individually.
SMEs need to identify a number of factors that can impede external process
integration along the supply chain, causing information distortion, longer cycle
times, stock-outs, and the bullwhip effect, resulting in higher overall costs and
reduced customer service capabilities (Wisner et al., 2005). Failing to see the big
picture and acting only in regard to a single department within the firm or a single
tier in the supply chain can create quality, cost delivery timing, and other service
problems. To overcome this silo mentality, firms must strive to align their supply
chain processes and strategy to the overall vision of the supply chain network.
The inability to easily share information from all the members of the supply chain
is a common process integration problem. Using information technology, one of
the dimensions discussed in this chapter, can solve this problem. Successful
process integration between the members of the supply chain requires trust.
Trust and commitment may be improved by collaborating on a small scale, better
communication, and going for a win-win situation. Lack of process knowledge
within the firm and among partners can lead to the downfall of supply chain
activities. Educating and training the employees can improve their process
knowledge. Finally, reducing the length of supply chain, making demand data
available to suppliers, improving order batching efficiency, reducing price
fluctuations, and eliminating short gaming can improve the supply chain inte-
grated process (Wisner et al., 2005).

Integrated Strategy

The integration of business processes in supply chain management from suppli-
ers would add value first to original equipment manufacturers (OEM) and finally
to their customers. This integrated strategic process is enhanced through the use
of logistics management. According to the Council of Logistics Management
(Cooper, Lambers, & Pagh, 1997), logistics management is defined as the
process of planning, implementing, and controlling the efficient, cost-effective,
flow and storage of raw materials, in-process inventory, finished goods, and
related information flow from point-of-origin to point-of-consumption for the
purpose of conforming to customer requirements.
The scope of the supply chain management expands further upstream to the
source of supply and downstream to the point of consumption, involving the
integrated strategic process. The need for integration of information systems,
planning, and control activities exceeds the level of integration necessary in the
management of logistics alone (Cooper et al., 1997).
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Although not all efforts toward integration are successful, companies are
increasingly using an integrated, strategic approach not only to manage the
supply chain, but as a general philosophy in managing the business due to the
perceived benefits of improved performance (Tan, 2001). In fact, one study
completed in 1998 supports a positive impact to performance by correlating
supplier performance and firm performance (Tan, Kannan, & Handfield, 1998).
The study summarizes literature available to that point. The study also concludes
that a company’s customer relations and purchasing practices—as major
components of supply chain management strategy—have a positive impact on
the effectiveness of supply chain management as a whole. Furthermore, through
empirical analysis, the same study lays a foundation for the premise that
additional practices of concurrent engineering, customer focus, strategic alli-
ances, and quality-driven production improve the strategic management of the
supply chain management function as a whole (Tan et al., 1998).
However, in slight contrast to these findings, companies should be further
interested in the firm’s overall performance and their ability to attain competitive
advantage, as opposed to merely positively impacting the supply chain manage-
ment strategic process. Since the concept of supply chain management as a
strategic tool for business planning is relatively new, there is less clear data on
the effect of “overall” performance of the corporation given a successful supply
chain management strategy. A statistical study on the impact of purchasing and
supply chain management of activities relating to corporate success was
published in 2002 (Ellram, Zsidisin, Siferd, & Stanly, 2002) that attempted to
answer many of the questions concerning overall firm performance by stratifying
companies into three categories using a number of different financial and
benchmarking criteria. The results determined that above-average firms showed
no increased use of supply chain management processes when compared to
average and below-average firms and that below-average firms had higher
perceptions of actually practicing this strategic process. The reasons for this are
partially explained by realizing that firms with average and below-average
performance levels may be facing market pressures and declining profitability
and must seek ways to improve performance and lower costs. In other words,
above-average performing firms may not seek the advantages of strategically
managing the supply chain given the relative success of the corporation despite
additional opportunities to increase the firm’s performance.
These results heavily support many of the underlying principles developed later
in this analysis when looking closer at the scarce resources available to the small
firm and any attempts at using supply chain management as a replacement for
corporate strategy, as some of the supply chain management literature suggests.
Although many companies are moving toward such strategies due to the far-
reaching effects of overall customer satisfaction, supply chain management
should not be confused with, and cannot make up for, broader corporate strategy
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and the need for managing effective strategic processes in areas such as
marketing, financing, and distribution, just to name a few (Ellram et al., 2002).
Small- to medium-sized firms are confronted with the issue of scarce resources
to a greater extent than are larger corporations. In fact, often in such companies,
it is the same individual(s) developing the strategic initiative, which means
focusing too heavily on any one strategic area, inclusive of supply chain
management, may actually lead the company to greater risk. Product and
technology life cycles have shortened significantly and competitive product
introductions make life cycle demand difficult to predict. At the same time, the
vulnerability of supply chains to disturbance or disruption has increased, not only
to the effect of external events such as wars, strikes or terrorist attacks, but also
to the impact of changes in business strategy. Many companies have experi-
enced a change in their supply chain risk profile as a result of changes in their
business models, for example, the adoption of “lean” practices, the move to
outsourcing, and a general tendency to reduce the size of the supplier base. A
research study (Christopher & Lee, 2004) suggests that one key element in any
strategy designed to mitigate supply chain risk is improved “end-to-end” visibil-
ity. It is argued that supply chain “confidence” will increase in proportion to the
quality of supply chain information. Rather, it is the balance of strategic planning
and execution within these organizations that is the common denominator among
successful firms of small- to mid-size. Consequently, it is the successful
management of the supply chain for any firm in context of its overall business
strategy that can provide it with a competitive advantage, but doing so with a poor
business strategy or a weak marketing plan is not likely to provide the firm an
advantage in the marketplace.
It is clear that the uncertainty of global market conditions leave companies on the
edge with respect to their strategic thought process in all aspects of strategic
planning; yet it is the responsibility and opportunity of the enterprise to interpret,
comprehend, and even predict circumstances relevant to the global market that
determines its effectiveness. Global supply chain management provides a key
element to understanding these conditions of uncertainty and is one of the
primary reasons that the strategy is being so well accepted across organizations
of all types and sizes. However, some unique problems and opportunities arise
for smaller companies who are able to redefine, adapt, and redesign the supply
chain. Managing each defining component of the supply chain is difficult for the
small to mid-sized entity due to scarce resources. However, given the knowledge
base and the in-depth understanding of the supply chain processes by limited
individuals in the smaller firm, it seems reasonable to change and make
necessary adjustments to the supply chain management processes.
For the smaller corporation, supply chain performance is based on the flexibility
of the management strategy practiced by the entity to reduce the level of risk
provided by factors of global market uncertainty. A company’s performance in
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the marketplace has been specifically linked to flexibilities involving volume,
product launch, and target markets (Vickery, Calantone, & Droge, 1999). This
empirical study looks at the furniture trade and is extremely relevant given the
trend toward overseas production and a declining U.S. market for producers. It
reveals that companies able to adapt to changing market conditions performed
more favorably in terms of financial measures and marketability by exhibiting
performance in areas of volume flexibility and product launch flexibility over all
others. Volume flexibility is the ability to increase or decrease aggregate
production of a good or service, and launch flexibility refers to the ability to
introduce new products, as well as variations of existing products, involving the
entire supply chain. Both provide excellent examples of ways small companies
should be able to pursue competitive advantages, given their ability to control
these processes initiating with the need to do so. In other words, they do not
require direction from other “functional” departments, but rather respond to
immediate needs of the market as opposed to reacting too late. Clearly, flexibility
can be used as a strategic tool for the smaller enterprise.

Partnerships

Partnerships are business relationships based on mutual trust and openness as
companies share risks and rewards leading to such an advantage (Muskin, 2000).
The ability of a firm to extend beyond traditional corporate boundaries by
working with partners will increase efficiencies and success.
Traditionally, in the market economy, products and services are produced to
meet the forecasted demand. Firms in a supply chain are tightly integrated and
focused on high-volume, maximum utilization of working capital, and cost
efficiency in their supply of products/services. The optimum competitive deci-
sion is often accepted as achieving economies of scale and/or economies of
scope. Productive processes are arranged so as to optimize the utilization of
production and distribution capacity. In this economy, sharing technology and
expertise with customers or suppliers was considered risky and thus unaccept-
able. There has been much emphasis on in-sourcing and vertical integration in
supply chain strategies and little emphasis on outsourcing and cooperative and
strategic buyer-supplier partnership (Sabbaghi & Sabbaghi, 2004). For example,
in the computer industry, companies such as IBM or Digital Equipment Corpo-
ration tended to provide most of the key elements of their own computer systems,
from operating system and application software to the peripherals and electronic
hardware, rather than sourcing bundles of subsystem modules acquired from
third parties. Products and computer systems typically exhibited closed, integral
architectures, and there was little or no interchangeability across different
companies’ systems, keeping existing customers hostage. Each company main-
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tained technological competencies across many elements in the chain and
emphasized the value of its overall systems-and-service package, determined to
stave off competitors who might offer better performance on one or another
piece of the package.
The supply chain strategy in the market economy has been designed to “push”
products to the customer based on forecasted demand. It focuses on supporting
a tightly integrated enterprise geared toward mass production of goods at the
lowest possible price. The production processes across the supply chain are
synchronized for efficient utilization of all resources. Information technology,
however, acts as an enabler for operational optimization across the supply chain
by offering better forecasts that are customer driven in addition to robustly
synchronizing the sourcing, production, and processes across the supply chain to
achieve optimal performance, even if the forecasts are not perfect. For example,
in car manufacturing, cars are traditionally manufactured to match forecasted
demand that lacks much customer input.
However, in the new information economy, also called the Internet economy or
the Web economy, the focus is exclusively on customer needs. To this end, the
firms collaborate in a network of trading partners, each specializing in one or
more core competencies (be it shipping, manufacturing, marketing, billing, order
entry, or procurement services) and divesting itself of non-core activities beyond
those associated with sourcing, manufacturing, or distributing products/services.
In this network economy, information technologies, digital networking, and
communication infrastructures provide a global platform over which people and
organizations interact, communicate, collaborate, and search for information.
The Internet has created more sophisticated customers who demand innovative,
personalized products/services delivered at their convenience. It has also
expanded the very definition of the word “customer,” so that it now includes
employees, distributors, suppliers, business partners, and shareholders. As a
result of these changes, a company’s competitive position in this Internet
economy depends on its ability to deliver customized, relevant, highly responsive
service to every participant in these networks of economic relationships. This
new economy has led to the rapid emergence of business networks and new
business models within and outside the firm to satisfy the strategic need for
competitive flexibility. In this new economy, the supply chain is geared toward
the customer “pulling” products customized to their specific needs, and the firm’s
resources are organized to meet the unpredictable demand patterns of the
customer. Therefore, the benefits of supply chain management integration
promote organizational relationships that in turn foster the sharing of information
technology and strategic efforts.
Partnership in supply chain management, in this network economy, has led to the
development of various cooperative arrangements among various supplier and
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retailers. Jagdev and Thoben (2001) identify three types of collaboration and
partnership between independent companies:

1. supply chain type of collaboration based on long-term collaboration where
the participating companies in the supply chain must operate synchronously
to meet customer demands;

2. extended enterprise type of collaboration, most integrated form of collabo-
ration, where the information and decision systems and respective produc-
tion processes are integrated; and

3. virtual enterprise type of collaboration, as a short-term collaboration where
the participating companies, without system integration, are loosely related
to bundle their competencies to meet customer demand.

The type of partnership would determine the effective strategies that SMEs may
consider and the perceived value added in the supply chain. For example, in
vendor-managed inventory system, the responsibility of stock management is
handed over to the supplier (Hvolby & Trienekens, 2002). This would make it
possible for the supplier to adjust production and distribution planning to changes
in consumer demand. In this system, SMEs as the suppliers would be able to
access the retailer’s information systems to view stock levels and future
requirements. On the other hand, advanced planning systems (APSs) make it
possible to include suppliers and customer relations in the planning procedure to
optimize the whole supply chain on a real-time basis (Kennerly & Neely, 2001).
They would support collaborative planning among several partners in a network
by shared access to information about known and expected material require-
ments and resources (Hvolby & Trienekens, 2002).
Quantity flexibility (QF) contract is an arrangement between supplier and
retailer that responds effectively to the demand fluctuations over time and
divides the risk of excess capacity. A retailer in this model is committed to
purchasing a percentage of its forecasted demand. However, the supplier is
committed to delivering more than the forecast. For example, if they agree to a
25% of QF contract, the retailer is committed to purchase 75% of the forecast
while the supplier is committed to delivering up to 125% of the forecast should
the retailer need more than forecast. If demand turns out to be low, the supplier
is protected by the lower limit, whereas if demand turns out to be high, the retailer
can take advantage of that upside by knowing that the supplier has some
additional capacity. Thus, both supplier and retailer can be better off in a QF
contract.
As another type of arrangement, revenue-sharing contracts between suppliers
and retailers, for example, in the video rental industry, would allow retailers to
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increase their stock of newly released movies, thereby substantially improving
the availability of popular movies. Under a typical revenue-sharing contract, a
supplier charges a retailer a wholesale price per unit plus a percentage of the
revenue the retailer generates from the unit. This revenue-sharing model has
been practiced for quite some time in the distribution of films to theaters, where
the studio charges the theater a small up-front fee and then takes a certain
fraction of the box-office revenues. Cachon and Lariviere (2005) examined the
revenue-sharing contract model in supply chain management where the partner-
ship between supplier and retailer would improve the performance of any supply
chain toward a global optimization. They have cited Blockbuster, a video rental
chain, as a successful case to illustrate the effectiveness of revenue-sharing
strategy in collaborative supply chain management.
Traditionally, video rental stores have to spend typically $60 to purchase a tape
from a distributor and then rent that tape to customers for $3 to $4. However,
demand for new releases drops dramatically after the first few weeks, and video
retailers have a hard time making any money on the rentals. Consequently, they
can only afford to buy a few cassettes to accommodate that initial surge in
demand. Customers consistently complained about the poor availability of new
release videos. Blockbuster decided in 1998 to enter into revenue-sharing
agreements with the major studios. The rental company agreed to pay its
suppliers 30 to 45% of its rental income in exchange for a reduction in the initial
price per tape from $60 to $8. The introduction of revenue-sharing model at
Blockbuster coincided with a significant improvement in performance in the
supply chain. It has been reported that Blockbuster’s market share of video
rentals increased from 24% in 1997 to 40% in 2002 after a revenue-sharing
contract was adopted (Warren & Peers, 2002). The increase in the industry’s
total profit due to revenue-sharing strategy has been estimated at 7% (Moretimer,
2000). However, there are some limitations and drawbacks in revenue-sharing
model. The first is that it is administratively burdensome compared with the
straightforward wholesale price-only contract. Revenue sharing takes an orga-
nizational effort to set up the deal and follow its progress. If profits are only
increasing by a very small percentage so that the revenue sharing does not cover
the extra administrative expenses, then there is no incentive for the retailer to
enter into a revenue-sharing contract. The second limitation, according to
Cachon and Lariviere (2005), is when the retailer actions influence demand.
Specifically, it is assumed that the retailer can increase demand by exerting
costly effort, and that this effort is non-contractible. If a retailer is taking in only
a small fraction of the generated revenue, this may not be sufficient incentive to
improve sales. On the other hand, a supplier wants the retailer to buy the right
quantity and to sell at a higher rate. The model may help to make sure the retailer
buys the right quantity, but it may hurt its sales effort.
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Collaborative computer-based information systems have become a major trend
in today’s business (Grossman, 2004). SCM evolved with the aim of integrating
disparate functions like forecasting, purchasing, manufacturing, distribution,
sales, and marketing into a harmonious ecosystem that would envelop the
company’s suppliers and customers. SCM promised to align all participants to act
in unison to serve the end customer. Collaboration would enable managers to stop
optimizing their individual silos to work together with partners—both internal and
external—to achieve efficiency and effectiveness across the value chain. A
truly collaborative partnership would encompass multiple customers and suppli-
ers. OEMs would regularly communicate product availability, supply plans, and
product content changes to distributors and other channel partners. Based on
upstream forecasts and product changes, the channel partners would communi-
cate demand requirements to manufacturing service providers. In this fashion,
members of the outsourced supply chain would be assured of accurate, up-to-
date information to help them make decisions that elicit common, supply chain-
wide benefits. While collaborating, there is distinction between big and small
companies; it is between big, aggressive, large muscled organizations  and agile,
flexible, adaptable organizations that can survive in an environment of rapid
change, constant uncertainty, and disruptive technologies.
Involving suppliers early and giving them influence over design is associated with
greater contributions of suppliers to cost reduction, quality improvement, and
design for manufacturability (Liker, Kamath, & Wasti, 1998). Increasing com-
petitive parity in the areas of cost and quality has forced global manufacturers
to seek other sources of competitive advantage, with new product development
rapidly becoming the focal point in the quest for sustained growth and profitabil-
ity. The essence of today’s new product development strategies is the simulta-
neous development of the new product and the accompanying manufacturing
process such that quality is enhanced, costs reduced, and lead times shortened.
The implementation of the integrated product development (IPD) process has
come to depend on the use of multifunctional teams. Supplier involvement
promotes better resource utilization, the development and sharing of technologi-
cal expertise, and network effectiveness (Birou & Fawcett, 1994). Evaluation
and monitoring of performance metrics are key aspects of the integration
process, partnerships, and strategy. In the next section, we will discuss how
customers evaluate suppliers’ performance, how SMEs respond to their custom-
ers’ evaluation actions, and the impact of these performance evaluations.
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Performance

Buying firm respondents who reported their firms’ supplier development efforts
to be satisfactory were more likely to have a proactive philosophy regarding
suppliers’ performance, put more effort and resources into their supplier
development efforts, and exhibit a greater willingness to share information with
their suppliers than their counterparts, who were generally dissatisfied with their
firms’ supplier development results (Krause & Ellram, 1997).
On its Global Procurement Web site (http://ch0107.whirlpool.com/SRM/
generalhelp.htm), Whirlpool provides a list of requirements for potential compa-
nies wanting to become a Whirlpool supplier. All Whirlpool suppliers are required
to pass a supplier quality audit. These requirements are based on ISO 9000, QS
9000, and ANSI/ASQC Q90-94 standards. They are to ensure the best cost,
quality, manufacturing efficiency, and continuous innovation in design and
manufacturing. All Whirlpool suppliers are to meet the Integrated Supply
Management (ISM) guidelines as a common process for doing business using
electronic communication. Whirlpool is also committed to establishing and
maintaining a capable, qualified, competitive, and diverse supply base providing
minority-owned, disadvantaged, and small businesses. Whirlpool also provides
each supplier with the plan year’s forecast, profit plan volume, and cost to be
used later for total cost productivity targets.
Information provided by the supplier performance will be used to assess
efficiency in the supply chain (Wisner et al., 2005). FedEx not only has
performance scorecards for its suppliers but also has developed a Web-based
“reverse scorecard” that allows suppliers to provide constructive performance
feedback to enhance the customer-supplier relationship.
A supplier’s service level is, in general, insufficient for the manufacturer to
warrant the desired service level at the customer end. The method by which the
supplier achieves its service level to the manufacturer also affects the customer-
service level. Procedures and metrics must be in place to collect and report
performances of the eight processes that were discussed earlier in the integrated
process section of this chapter. To assure that the integrated process is
supporting the integrated strategy and the working relationships of partners,
performance is continuously measured using metrics for each of the eight
processes. These performance measures need to be both internal and external.
As process integration improves across the supply chain, the overall perfor-
mance will improve. Over time, under-performing suppliers and unsuitable
customers will be eliminated. Suppliers can then concentrate on establishing
beneficial relationships and forming strategic alliances to create a win-win
situation.
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As shown in Figure 3, evaluating and responding to the results of supply chain
performance metrics and measurements have a huge impact on business
performances. Four generic performance factors have been identified by
Bozarth and Handfield (2005) as relevant to the supply chain management.
These factors include quality, time, flexibility, and cost, as illustrated in Figure 3.
Performance quality includes the basic operations characteristics of the product
or service, conformance quality questions whether the product was made or
service was performed to specifications, and reliability quality explores whether
the product or service will perform consistently over a period of time and without
failing or high maintenance costs. Time has two basic characteristics: speed and
reliability. Delivery speed refers to how quickly the supply chain can fulfill a
requirement, while delivery reliability refers to the ability to deliver products or
services when promised. The ability to produce a wide range of products and
services is the mix flexibility, while changeover flexibility questions the ability to
provide a new product with minimal delay, and volume flexibility is the ability to
produce whatever volume the customer needs. Cost categories include labor
costs, material costs, engineering costs, quality-related costs, average delivery
costs, rush order costs, carrying costs, safety stock costs, returned order costs,
and spoilage costs (Bozarth & Handfield, 2005; Wisner et al., 2005).

Figure 3. Supply chain performance factors
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In a study by Purdy, Astad, and Safayeni (1994), automotive supply organizations
were interviewed regarding their perceptions of the effectiveness of a North
American automotive certification program. The major findings were that:

• suppliers viewed preparing for the performance evaluation as the most
important aspects of the process;

• the evaluators detected only a small percentage of the suppliers’ significant
business and manufacturing problems;

• suppliers perceived an overemphasis on procedures and documentation on
the part of the evaluators; and

• suppliers felt that the performance evaluation did not accurately reflect
their effectiveness.

The same study concluded that the supplier evaluation program reflected the
management style of the large bureaucratic customer organization, which was
not necessarily appropriate for the size and nature of the supplier’s business.
Further, good performance on the evaluation did not directly correspond with
further business contracts (Lyn et al., 1994). In today’s world, definition of
quality revolves around customer satisfaction, quality of product and service,
timely delivery, and cost/price (Mehta, 2004).

Information Technology

Information technology (IT) offers huge potential for large suppliers as well as
SMEs to achieve effective SCM mechanisms. In today’s global marketplace,
organizations are faced with ever-changing customer requirements and intensi-
fying competition. To succeed, companies are looking at streamlining their
supply chain through the successful deployment of Information Technology.
Supply chain management expands the notion of integration beyond a single
company to encompass all related trading partners in the supply chain. Suppliers,
customers, third-party logistics providers, distribution centers, and relevant
government agencies share the information and plans necessary to make the
chain more efficient and competitive.
Manufacturers increasingly rely on IT to streamline their business processes. By
integrating business processes across the supply chains, companies can quickly
move information and materials to their trading partners and respond quickly to
market changes. Internet technology is considered to be the most promising
network infrastructure for supply chain connectivity. By having an integrated
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network infrastructure, companies can now manage their operations anywhere
by accessing information using the Internet. Most companies are positioning IT
as one of the key components for enhancing supply chain management, and they
want to be updated regularly on new technologies that they can apply in their
work.
Achieving integration in the global supply requires an enormous commitment by
all members of the supply chain. In order to exploit competitive advantages by
forming strategic alliances and partnerships and facilitating these relationships,
companies must exchange information through increased communication and
cooperation. The level of integration companies strive for now and in the future
can only be possible through significant advances in information technology,
which, in the past, has been costly and available only to larger companies with
budgets that could support such endeavors. It has been argued that this helps
explain the trend toward vertical integration as opposed to increasing horizontal
communication efforts between suppliers, manufacturers, distributors, and
customers. Information flow and sharing are essential in all components of
supply chain. Supply chain information flow integrates all the facets of logistics
as well (Vaidyanathan, 2005).
Although companies utilize technological tools such as electronic data inter-
change (EDI), and enterprise resource planning (ERP), there are still many
issues arising from incompatible systems (interoperability) that drive inefficien-
cies. Additionally, as new technology develops, such as wireless networks,
which still lack standard protocols, the problem does not appear to be going away
too fast. This can be a major issue for the small- to mid-sized company, given
budget restraints and the aggressive nature of larger budget companies to
incorporate new technologies and information systems. Therefore, despite
companies feeling they are actively sharing information with their supply chain
partners, there continues to be inefficiencies and waste throughout the supply
chain. The problem is further intensified when looking at partnerships on a global
scale due to the traditional issues of cultural barriers and communication
differences.
Internet technology has been increasingly used to enhance global supply chain
through electronic commerce functionalities. Many Internet-based systems
have been designed and developed for SCM to interconnect suppliers and
customers. A four-phase migration model with technical, security, and financial
requirements as a plan for the migration of the procurement process onto the
Internet has been proposed by Yen and Ng (2003). The first part of the migration
is the digitization of data in a local area network (LAN) to manage the
information storage and retrieval within the company. The second phase is
deployment of communication infrastructures such as EDI. The third phase is the
installation of electronic commerce front-end system to implement procurement



152   Sabbaghi & Vaidyanathan

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

business processes such as Web sites and search engines. The fourth phase is
the integration of vertical portal, that is, information processing with third-party
service providers for financial transactions and logistics.
Small- and medium-sized enterprises are different than large enterprises in three
primary ways that hinder e-commerce adoption (Smeltzer, 2002). SMEs seldom
have mature technology. They usually emphasize product development and
survival rather than supply chain integration. The large enterprises have costlier,
mature integration software as well as internal technical development and
maintenance capability (Smeltzer, 2002). Some of the large companies have
integrated SMEs in their supply chain. As a $41 billion retailer, Sears has
successfully connected every one of its 7000 suppliers by using a targeted
technology, a proven process, and dedicated resources provided by a supply
chain integration service (Smeltzer, 2002). The question confronting these
suppliers is often not whether they should use SCM systems, but rather how they
can take advantage of these systems and benefit from their use (Subramani,
2004).
Suppliers use IT for many reasons that include: requests for quotation (RFQ)
received electronically by suppliers, support documents such as detailed part
drawings and quality specifications accessed online, electronic transmission of
purchase orders, shipment notifications, scheduling delivery windows at ware-
house loading docks, electronic payment, electronic notification of changes, and
inventory alerts based on preset triggers to communicate stocking levels of
products in warehouses (Subramani, 2004).
Internet technology with its communication infrastructure has enhanced SCM
initiatives. Companies are taking advantage of this technology and moving their
procurement functions such as sourcing, negotiating with suppliers, payment, and
other transactions onto the Internet. Such electronic procurement (e-procure-
ment) results in control, flexibility, and cost savings. This provides suppliers with
the ability to become proactive in doing their business. By implementing the
supply chain onto the Internet, both suppliers and the customers will face both
challenges and opportunities. Such challenges and opportunities include careful
planning of the ways that people integrate changes and the benefits that the
Internet can bring to the business, such as reduction in overall costs, respectively
(Srinivasan, Reeve, & Singh, 2000). A large academic bookseller, Co-op
Bookshop, launched electronic commerce and faced difficulties when competing
globally. The lesson learned from this launch is that a company should study the
existing customers and markets before it deploys e-commerce on the Internet
(Loebbecke, Powell, & Gallagher, 1999).
E-procurement is more than putting purchasing decisions online; its functions
also include linking suppliers and buyers into the purchasing network and
rethinking of business processes such as transactions (Fisher, 2000a). With



Global Supply Chain Management with Small and Medium Suppliers   153

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

efficient information, such product information is structured by electronic
catalogs with which e-procurement can form a good basis in order to attract more
buyers to the shopping site (Avery, 2000a). Shell Services International launched
its e-procurement service as a cost-cutting driver, and its electronic catalogs
contain a broad list of suppliers ranging from huge contract partners to small
chemical producers with which Shell has pre-negotiated discounts and service
contracts. When a purchasing order is received, it will be automatically for-
warded to the appropriate suppliers (Fisher, 2000b). E-procurement could
reduce costs and cycle time by fostering a better relationship between buyers
and sellers with a vertical supply chain Avery (2000b). The introduction of an e-
procurement system in Texas Instruments has reduced the number of transac-
tions in which purchasing was involved and replaced the internally based catalog
system, saving a significant amount of cost (Atkinson, 2000a). The Texas-based
Burlington Northern Santa Fe Railway planned to apply e-procurement for
strategic sourcing and SCM, as it believed that collaboration with its suppliers
could be facilitated in order to achieve full contract discount pricing (Atkinson,
2000b).
Yen and Ng (2003) classified the impact of electronic commerce in the
procurement process into buyer and seller, and then further divided it into
individual and inter-organizational categories. Individual and inter-organization
classifications represent the internal efficiency and external impact, respec-
tively. With sourcing, buyers can search for quick and complete information of
materials from suppliers’ online electronic catalogs while purchasing is en-
hanced. During quotation and negotiation, sending inquiries with the electronic
and automated inquiry forms to suppliers can save time, and, in return, suppliers
could direct the forms with quick and customizable responses, facilitating
communication between buyers and sellers. With automated, synthesized, and
modifiable order placement, cost and time are saved while purchase records
can be viewed in a quick and timely fashion. Suppliers can benefit from efficient
and error-free profiling management and more accurate demand forecasts in
order to improve overall profitability. Again, communications between buyers
and sellers can be enhanced while time is saved. Electronic transactions can
take place without the need for physical forms of payment that are restricted by
geographical and currency barriers. Suppliers can benefit from secure real-time
collection of payment while the risk of unsuccessful receipt of payment is
lowered, resulting in improved profitability. With delivery, uncertainty of
receiving time is reduced by separated logistics and shipment, while information
flow or communication between suppliers and logistic third parties is facilitated.
Electronic data interchange (EDI) is a way of conducting inter-organizational
transactions electronically (O’Callaghan & Turner, 1995). The key components
of EDI are: the electronic transfer of data, the use of standards, and the exchange
of data with minimal human intervention. An event in a customer company’s
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operational processes, for example, a purchase order, may trigger a computer
application that generates an electronic message which is sent to, received, and
processed by another computer application in a supplier’s company. This
message will trigger another event in the receiving supplier organization, for
example, the delivery of products. Enabled by standardization of the message
exchange, this communication takes place without human intervention. The
organizations involved have to agree on contents, grammar, and organizational
actions resulting from the message exchange. SMEs can improve their competi-
tiveness by integrating their systems with their suppliers or other trading
partners. Existing approaches to integration like EDI might help SMEs to
overcome part of the integration problems, but they have their limitations
(Themistocleous & Chen, 2004).
The Dutch coordination center for EDI reported that around 25.000 out of a
potential 400.000 companies in the Netherlands are currently using EDI. The
number of users has grown by 10.000 companies since 1994, but despite this
relatively high growth in the number of EDI users, the current number still falls
short of expectations (van Heck & Ribbers, 1995). In the U.S., for instance,
Oakie (1997) reports that only 100,000 out of a potential 1.9 million companies
are currently participating in EDI. Therefore, the adoption and implementation
of EDI is still not prevalent. There are different reasons for this apathy to the
adoption of EDI. One of the difficulties in EDI adoption is that its full benefit can
be reached only if enough critical mass is achieved. To transact EDI messages,
one needs to have partners who also are willing to adopt EDI. The other reason
is that some EDI implementations are costly. One of the critical factors is the
availability of EDI standards. The use of commercially available standards
reduces the development costs and time and decreases the risk linked to the new
EDI application (Krcmar, Bjÿrn-Andersen, & O’Callaghan, 1995). SMEs will
adopt EDI if EDI message formats are available, if they decrease the risk linked
to the new EDI standards, and if they reduce the development cost and time (van
Heck & Ribbers, 1995). As more competitors and trading partners become EDI-
capable, small firms are more inclined to adopt EDI in order to maintain their own
competitive position (van Heck & Ribbers, 1995).
Another medium of e-procurement is the use of electronic business-to-business
(B2B) commerce marketplaces. While there are many advantages to the use of
B2B marketplaces, there are many disadvantages as well. The potential de-
crease in product quality is a big issue for B2B participants. Expectations will
vary from one buyer to another, and the definition of quality will vary across
suppliers. B2B may not be of interest to suppliers since the forced price reduction
of supplies by new suppliers trying to gain a share of the market will hurt the
supplier’s margins and strain their ability to stay in the market (http://
www.primetechnologywatch.org.uk).
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Rovere (1996) argues that the role of SMEs should be investigated with regard
to innovation and regional development studies with a focus on industrial
districts. This argument is based upon the increasing importance of flexible
organizations in today’s economic environment, with the main elements of the
flexible specialization model being networks of small firms, flexibility of equip-
ment, and human resources. Rovere further argues that these ideas must be
thoroughly considered in defining an IT diffusion policy for SMEs. The relatively
inexpensive availability of IT products and services serves to create many new
business opportunities for SMEs. If flexible production capabilities do indeed lie
within the environs of networked SMEs, IT increases in importance to ensure the
platform to allow for efficient information flow within and outside of SME
networks.
Another problem posed to the SSM for the SMEs is integration. Enterprise
resource planning (ERP) systems are an integrated software solution to manage
a company’s resources and to integrate all business functions, such as planning,
inventory/materials management, sales and distribution, finance, human re-
sources, and services. The complexity of ERP systems and the non-flexible
nature of ERP solutions, combined with their high cost of implementation have
impeded many companies’ quest for integration. The major problem with ERP
is integration, as ERP packages are not designed to tie up other autonomous
applications (Cingil, Dogac, & Azgin, 2000). As a result, autonomous and
heterogeneous applications coexist in companies with ERP systems, and integra-
tion problems have not been addressed. Therefore, the use of ERP systems no
longer supports or leads to competitive advantages for organizations, especially
SMEs (Themistocleous & Chen, 2004).
According to the United Nations report on e-commerce and development
(avaliable at http://www.unctad.org/en/docs/ecdr2004ch2_en.pdf), SMEs in
Latin America have recognized the need to increase their capacity to differen-
tiate their products and services, and to link electronically with their customers
and suppliers. However, none of the enterprises surveyed had advanced beyond
the first stage of information and communications technology (ICT) adoption.
For example, while most of them were on a local area network (LAN) and some
of them used the Internet for looking up information, none used EDI or an
Intranet, and very few communicated with clients via electronic mail, preferring
to use the telephone or fax.
According to a study conducted by the World Wide Worx (http://www.theworx.biz/
download/Exec%20Summary%20%20SME%20Survey%202003.doc), invest-
ment in information technology is having a major impact on the competitiveness
of small and medium businesses in South Africa. Among the key findings of the
survey was that SMEs are spending a higher proportion of their turnover on IT
each year. In 2001, 47% of SMEs spent more than 1% of turnover on IT; in 2002,
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48%; and in 2003, 49% expect to spend more than 1% of their turnover on IT.
According to a Canadian net impact study (http://www.netimpactstudy.com/ca/
pdf/release_final.pdf), 50.2% of Canadian SMEs are currently using or imple-
menting the Internet. The same study concludes that a firm with $10M in
revenues, with a 20% gross margin and 10% net margin, can achieve increases
in net profit of up to 154% in a “best case” scenario, that is, if these average
changes in revenues and costs were realized together.
In a recent survey, Deloitte Research undertook an exploratory study of IT
purchasing by SMEs (available at http://www.deloitte.com/dtt/research/
0,1015,sid%253D16418%2536cid%253D632D63293,00.html) in an effort to
understand decision making in different stages of the information technology
purchase process. The resulting study identifies the key factors impacting
technology purchase decisions by small and medium enterprise owners. In
particular, it found that: SMEs need information and help to manage their IT
growing pains; price isn’t necessarily the bottom line when considering IT
purchases; and vendor Web sites and reputations are extremely important in the
minds of SME decision makers when looking for information and making
purchase decisions.
Various forms of SCM applications are arising among the enabling technologies.
Prominent vendors in SCM applications market include i2 Technologies, SAP,
Oracle, and Invensys, which produce a range of hardware and software
components that span communication, optimization, and modeling systems.
SMEs are becoming increasingly dependent on information technology to
operate efficiently, serve customers effectively, and work with partners and
suppliers more collaboratively. Faced with all the challenges and opportunities of
competing in a fast-paced environment, growing companies must be especially
confident that their networks can support business evolution. Building an
effective network foundation is integral to, and an operational insurance policy
for, achieving e-business transformation. It is vital that SMEs focus their
attention on the critical success factors that drive growth in their particular
market. They cannot afford to expend precious time re-architecting, re-learning,
and managing networks. Network infrastructures should be the invisible plumb-
ing that enables the transport of company information and communications and
enables efficient processes.

Conclusion

The subject of global supply chain management is an important new frontier for
businesses choosing to participate in the new global economy. The inherent
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processes range from raw material supplier to end-user and involve literally all
functions in between. Consequently, the integration of these processes is crucial
to achieving supply chain management success, which is only facilitated by
adequate information exchange between partners within the supply chain—a
task not easy to accomplish due to issues of interoperability. Yet, the ability for
companies to successfully implement strategic relationships relies on their ability
to develop or maintain an effective partnership strategy, as it is not always
necessary to enter into full-scale partnerships with all suppliers perceived to be
partners within the chain. Additionally, in today’s uncertain global economy and
associated issues of security and trust, many companies continue to re-evaluate
their partnerships and foster those relationships that are more likely to lead to a
competitive advantage. The literature emphasizes the importance of trust in
developing such partnerships, as firms will attempt to reduce risk by not entering
into partnerships lacking trust. However, the need to leverage the resources of
the supply base and revenue sharing cannot be overlooked, and companies will
pursue such relationships. In a changing world, the subject of truth and ethics is
important when discussing supply chain management strategy.
Most discussions of supply chain management are presented in abstract terms
and in ways that apply to product and service organizations alike. However, most
small companies, and even larger corporations, focus on niche markets. Niche
markets are where managers will correctly argue that profits are created and
realized; therefore, the goal of many organizations is to develop business and
market strategies to exploit these opportunities in the market. Similarly, as this
chapter has detailed, it has been shown that an affective supply chain manage-
ment strategy can benefit these very initiatives.
More specifically, the smaller firm in the supplier role has unique opportunities
to develop business, market, and supply chain management strategies that are
unique from those of the larger established companies. Realizing that the
“buying” company within the supply chain—or end-user—is actively pursuing
competitive advantage through marketing of its unique product or service, the
small company is often better positioned to adapt to the needs of the customer.
More precisely, the level of information available to key members of the smaller
supplying organization and its integrated partners provide market opportunities
that may not exist to larger corporations.
Supply chain management strategies, because of the unique circumstances of
specific markets, can not be characterized as “one size fits all.” In fact, global
supply chain strategies are contingent upon market characteristics and business
strategy, which seek to attain higher-level customer responsiveness at less total
cost to the supply chain as a whole. Nowhere are the unique characteristics more
prevalent than in the small- to mid-sized corporations, as each of these types of
corporations seeks competitive advantage through management of the supply
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chain and, more specifically, management of the supply chain for a specific niche
market.
Moreover, there are some unique obstacles and challenges in managing the
supply chain given the scarce resources of the small- to mid-sized supplying
company. More specifically, because of the involvement of so few within the
supply chain management process in the smaller firm, there is greater responsi-
bility for those individuals to manage this very important strategic process given
the unique opportunities to exploit niche markets. The ability of a small firm to
offer flexibility in terms of volume and product differentiation provides the
competitive advantage businesses of all size pursue. Supply chain management
strategy, then, is applicable to all sized firms and has unique characteristics for
smaller entities. To maximize the Internet and supply chain management, SMEs
must be included. The SMEs need to have the information technology capability
to fully integrate into the supply chain. Only then will the supply chain manage-
ment be effective to save time, decrease costs, improve relationships, and
maximize overall responsiveness.
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Abstract

This chapter explores novel ways of improving flexibility, responsiveness,
and competitiveness via strategic information technology (IT) alliances
among channel members in a supply chain network. To gain competitiveness,
firms have to constantly update their operational strategies and information
technologies through collaborative efforts of a “network” of supply chain
members rather than the efforts of an individual firm. In sum, the foci of this
chapter are: (1) an overview of supply chain management (SCM) issues and
problems, (2) supply chain coordination and integration, (3) the latest IT
applications for improved supply chain performance and coordination,
and (4) strategic IT alliances. This chapter concludes with a discussion of
business implications and recommendations of future research.
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Introduction

Supply chain management (SCM), characterized by interorganizational coordi-
nation (Hill & Scudder, 2002), deals with how each company in a supply chain
coordinates and cooperates with its business partners. Along the supply chain,
most business activities are integrated for effectively supplying products and
services to customers via a continuous, seamless flow. Drawing on the concepts
of value chain and value system (Porter, 1985), SCM inherits the viewpoint of
“process.” In a value system, simply a series of integrated processes is
insufficient to support a supply chain and offer fully synchronized operations of
all supply chain partners (Williamson, Harrison, & Jordan, 2004).
Recently, it has been realized that information technology (IT) plays an important
role in supporting systematic integration and synchronization by providing
automatic information flows throughout the entire supply chain. More and more
SCM researchers have emphasized the need to embrace the enabling informa-
tion technologies and explore the essential capabilities of effective information
management for supply chain integration (Dai & Kauffman, 2002a). Kopczak
and Johnson (2003) stated that the synchronization in a value system required a
sophisticated information system (IS) to foster real-time information processing
and sharing, coordination, and decision making by the entire supply chain. In line
with Kopczak and Johnson’s research, other researchers (Dai & Kauffman,
2002b; Gunasekaran & Ngai, 2004) have utilized a systematic study to classify
the landscape of emerging online business-to-business (B2B) marketplaces.
In addition, Internet technology is then conceived as an enabling tool for effective
integration of the information-intensive SCM processes via ubiquitous availabil-
ity of timely information (Boyson, Corsi, & Verbraeck, 2003). Information
transfer via Internet facilitates more interactive partnerships in multi-directions
as opposed to the traditionally linear movement of information within a supply
chain (Boyson et al., 2003). This information sharing from multiple directions has
boosted the power of process integration and synchronization as well as
effective collaboration among the supply chain members.
The remainder of this chapter is organized as follows. First, an overview of issues
and problems existing in SCM (such as free-riding phenomenon, negative
externalities, and bullwhip effects) is presented. Next, it describes the impor-
tance of supply chain coordination and integration, followed by a discussion of
the latest IT applications that improve supply chain performance and coordina-
tion. The following sections focus on (1) the importance of supply chain portal
(SCP) in term of e-collaboration between firms, and (2) the “spillover” effect of
IT investments.
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With these two foci, the authors attempt to classify the differences between
supply chain management systems (SCMS) and SCP in terms of major functions,
applications, performance matrices, and the like. Two forms of strategic IT
alliances for effective SC coordination are then discussed in detail, including
technology similarity or geographic proximity. A typology of competitive advan-
tage positions in terms of alliances and spillovers is also presented. In In addition,
the researchers intend to emphasize a new selection of IT, namely, SCP, and a
different perspective of SCM, namely, a “spillover” effect of IT investments and
a strategic alliance of IT. Last but not least, this chapter attempts to find an
innovative way to improve a company’s flexibility and responsiveness in terms
of competitiveness. Finally, the last section concludes this chapter by discussing
a number of business implications and recommendations for future research.

Supply Chain Coordination
Problems and Issues

Free-Riding Phenomenon

A noticeable “free-riding” phenomenon has become more prevalent in a
multichannel supply chain (Wu, Ray, Geng, & Whinston, 2004). With the
occurrences of free riding, a channel member may acquire relevant sales data
from one upstream member but actually purchase the products or receive the
services from other vendors, possibly at a lower price. In other words, one
channel member carries out the final sale transactions, while another channel
member debuts the activities that are required to sell the products/services. In
practice, a number of advanced information technologies, particularly the
Internet, have increased supply chain channel members’ caliber to access a wide
range of handy information at a much modest cost. Without doubt, companies
that sell their products through multiple-channel sales and distribution are often
concerned about the free-riding phenomena for fear that the downstream
retailers would have less incentive to promote their products.
Another problem with the free-riding phenomenon is likely to arise when
additional efforts made by one channel member bring about increasing revenue
that is shared by other channel members in a supply chain. As a consequence,
a member may be inclined to work less and enjoy a free ride of improved financial
rewards realized by other member(s) in the supply chain. One way to alleviate
this problem is to implement an incentive program to motivate the channel
members to bring forth adequate contributions in order to receive the comparable
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compensation. On top of that, a monitoring system should be constructed to
measure the effort of each member and to ensure the financial gains of each
individual member match their contributions.

Negative Externalities

An effect of externality occurs in a supply chain when a business decision or
action results in costs or benefits to members other than the member actually
making the decision or carrying out the action. In other words, the decision maker
does not bear all of the costs or reap all of the gains from the action. On the other
hand, the spillover costs, or negative externalities, may be imposed on a certain
channel member without compensation from other parties. For example, a
delivery delay caused by the vendor will spill superfluous production costs or
excessive inventories over to the manufacturer or other downstream member(s)
in a supply chain. Mostly, inferior decisions or deficient data can cause
subsequent spillovers on invoices and shipment notices, which will, in turn, lead
to incorrect shipments, delays, and costly reductions.

The Bullwhip Effect

In a supply chain, demands can be distorted by members attempting to achieve
local optimization. This phenomenon of information distortion on demands is
referred as the “bullwhip” or “whiplash” effect (Lee & Padmanabhan, 1997).
This phenomenon may occur in many echelons where the variability of demand
increases at each stage of the supply chain (Kopczak & Johnson, 2003). In
reality, the bullwhip effect may exist in various industries at different levels of
a supply chain network. This effect can also cause unnecessary costs and
excessive inventories in production, distribution, logistics, and intermediaries.

Supply Chain
Coordination and Integration

Horizontal vs. Vertical Coordination

In earlier SCM studies, the adoption of IT was mainly on the use of advanced
planning systems to reduce uncertainty of the demand side and to optimize flows
(Kumar, 2001). Integrated supply chains strive to achieve not only “horizontal
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coordination” but also “vertical coordination” (Kumar, 2001, p. 61). Horizontal
coordination refers to communication and process synchronization within an
industry, while vertical coordination is across industry or firms. Vertical coordi-
nation can be further explored from the aspect of transaction costs in a supply
chain (Williamson, 1995). With vertical coordination, the possible costs (e.g., the
investment costs, spillover costs, or “free-rider” costs) should be properly
applied to all the business transactions for each participating channel member in
a supply chain during the movement of a product and/or a service, business
transactions. Enhanced by the “transaction costs” point of view, Jap, Bercovitz,
and Nickerson (2005) argued that the level of expected cooperative exchange
norms (i.e., joint transaction-specific investments) could be beneficial to
interorganizational performance.
In addition, Williamson (1993) further indicated that the partnership entails the
willingness to realize some risks, which imply the uncertainties between part-
ners. To resolve the uncertainties among members, the “trust” relationship may
evolve over time under a certain governance structure (Kogut, 1988) and
information-sharing mechanism for safeguarding against potential risks or
certainties. Upstream members are often characterized as “power asymme-
tries” (Subramani & Venkatraman, 2003, p. 46) compared to downstream
members. The investment costs among supply chain members may be shared
under contractual agreements or long-term alliances. The former is a “close,
fast-developing, short-lived exchange” relationship (Lambe, Spekman, & Hunt,
2000, p. 213), whereas the latter are equity based or strategic resources alliances
(Colwell & Vibert, 2005). As far as effective information sharing goes, both
horizontal cooperation and vertical cooperation would require a well-structured
information communication technology (ICT) platform to carry out such an
operation (Kumar, 2001).

Positive Externality: IT Investment Spillover Effect

In contrast to negative externality, there is a positive externality (or beneficial
externality) existing in a supply chain, especially the spillover effect in IT
investments. The effect of spillovers from a channel member’s IT investments
is well documented in the literature (Harhoff, 1996; Lambertini, Lotti, &
Santarelli, 2004; Mahajan & Vakharia, 2004; Owen-Smith & Powell, 2004;
Rosenkopf & Almeida, 2003). Typically, the spillover costs in IT investment exist
in a supply chain when there is a more powerful upstream member who covers
some or the majority of costs. As a result, spillovers were mainly studied from
a perspective of upstream supply chain.
Utilizing mathematical modeling, Mahajan and Vakharia (2004) developed two
strategies that underpinned the IT investment decisions from the supplier
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perspective: (1) myopic strategy, making the IT investment solely on maximizing
its own gain, and (2) global strategy, resulting in gains accruing to the entire value
chain. According to their research results, the “global strategy” is a comparably
better decision than the “myopic strategy.”  Furthermore, the “global strategy,”
with or without a distributor’s own investments in IT accruing to the entire supply
chain, was tested with better results as well. Based on their results, it is apparent
that some free riders may exist among the IT investments from the upstream
members, such as distributors and other downstream members. However,
overall spillovers or positive externalities can still offer a competitive advantage
to a firm or a supply chain in a marketplace at times.
Another aspect of spillover is related to R&D investments. According to Harhoff
(1996), the R&D investment can be specific to a firm’s product and production
methods. As a result of the supplier’s R&D contribution, the outputs in the
downstream can be greatly expanded and enhanced (Harhoff, 1996). Addition-
ally, on the supplier’s side, the demand is shifted to a higher level, and its R&D
expenditure is furnished with a higher profit gross. In a sense, a higher profit
gross indicates a higher return on investment that is one of important perfor-
mance metrics for evaluating the outputs of IT investment (Gunasekaran &
Ngai, 2004). About a 1% upsurge in IT investments in manufacturing industries
will trim down the labor intensity of their suppliers by about 0.01%. In time,
investments in IT appear to have spilled over through the supply chain. Other
research data show that increasing IT investments in manufacturing industries
by 1% will boost the supplier investments by 0.6%, and customer investments by
0.3% (Gorman, 2005).
In sum, the spillovers from the upstream supply chain can add value to the entire
supply chain. To reap the global benefits of positive externalities, a control over
spillovers (Lambertini et al., 2004) or intentional spillovers (Harhoff, 1996) may
be necessary. However, according to the results of empirical studies by
Lambertini et al., the extent to which the firms can endogenously control the
spillovers is low. Instead, the tight cooperation between the firms can embrace
a higher level of spillovers because of increasing information sharing across the
firms.

Information Sharing and Integration in a Coordinative
Environment

To a great extent, effective information sharing is indispensable due to the
efficiency required from each channel member in a supply chain. Defined by
Ganeshan, Jack, Magazine, and Stephens (1999, p. 851), information sharing
“specifies schemes for coordination” that apply to the efficient operation in a
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supply chain. Srinivasan and Yeh (1991) supported that some state-of-the-art
information-sharing technologies, such as electronic data interchange (EDI),
could significantly improve the suppliers’ shipment performance in a just-in-time
environment. Furthermore, the research showed that performance of the
production and logistics can be dramatically enhanced by accurate and timely
information through the facilitation of EDI.
Going beyond information sharing, Kulp, Cohen, Hau, and Ofek (2004) empha-
sized “information integration,” which is similar to Lee and Padmanabhan’s
(1997) concept of “decentralization” in a supply chain. To better support SCM,
Kulp et al. combined the methods of vendor-managed inventory (VMI), new
products/services, and reverse logistic systems, along with effective information
integration and sharing on customer needs, inventory levels, and so forth. In their
research, the task of information integration was empirically tested with
significances to improve the supply chain performance at different levels. To
further assess other supply chain performance measures, information sharing
was associated with higher manufacture performance, while collaboration of
new products/services was positively related to intermediate performance. The
uncertainty resulting from fluctuating customer demands will, in turn, require
seamless information integration for better decision making in a more timely
fashion.

 IT for Improving Relationship-Specific Investments

Williamson (1995), a transaction cost economist, has pointed out that relation-
ship-specific investments have notably contributed to value creation in a supply
chain. The relationship-specific investments can be specifically interpreted as
customized business processes catering to the requirements of a particular buyer
(Subramani, 2004). According to Subramani and Venkatraman’s (2003) field
study, the companies that possess intangible, relationship-specific assets are
usually capable of imposing an enhanced value creation over those competitors
operating without such assets. In light of supplier investments, Subramani (2004)
identified two types of intangible asset specificity—business-process specificity
and domain-knowledge specificity. Business-process specificity refers to the
development of relationship-specific routines or standard operating procedures
for efficient task execution. On the other hand, domain-knowledge specificity
arises from an understanding of cause-effect relationships that facilitate effec-
tive actions and provide resolutions of ambiguities in task planning and execution.
By emphasizing IT-mediated buyer-supplier interactions, a firm creates and
retains value of domain-knowledge based on the combination of transactions-
cost and resource-based views (Subramani, 2004).



172   Hsu & Shih

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

The investments of IT within a firm create a resource-based view, whereas the
transactions-cost view occurs when the investment “spills over” its supply chain
members. Spilling over the IT investments from suppliers to their distributors
(Mahajan & Vakharia, 2004) is one field of research, whereas the IT invest-
ments from a R&D perspective is another important area of research (Harhoff,
1996; Lambertini, Lotti, & Santarelli, 2004; Rosenkopf & Almeida, 2003).
Having conducted a case study involving the ship repair industry, Chryssolouris,
Makris, Xanthakis, and Mourtzis (2004) demonstrated how modern IT could
promote effective communications among different partners and enable seam-
less information flows within value-added chains. The IT investments can lead
to enormous benefits from an efficient product life cycle, a shorter lead-time,
better product quality, or simply cost reductions.

IT in Supply Chain Management

According to Kumar (2001), three factors have contributed to the needs of
effective supply chain management. On the demand side, more sophisticated
customers are increasingly demanding a customized value from the supply chain.
On the other hand, suppliers are increasingly embracing IT to obtain a forward-
looking perspective of the entire supply chain and, in turn, to optimize the
processes for meeting the demands. Finally, on both the demand and supply sides,
the emergence of global markets has stretched a supply chain to a longer
distance. These longer chains—along with the accumulated demands of variabil-
ity, uncertainties, costs, distances, and time lags—make SCM vulnerable yet in
great need of advanced information technologies.
From an enterprise-centric perspective, SCM is considered an extension of
enterprise resource planning (ERP) (Kumar, 2001) and has evolved into
numerous interwoven information-intensive networks focusing on improving the
coordinating and collaborative relationships among supply chain members.
Along the line, the trend of a modern supply chain is to fulfill uncertain demands
with an array of variety and desired product quality in a timely fashion at the least
possible cost (Kumar 2001). If the products and/or services can be delivered by
a supply chain with sufficient value at a lower cost than other competitive supply
chains, then it has a competitive advantage. Kumar (2001) stated that an
innovative use of IT could dramatically increase the competitive advantage via
changing the cost and value equation in a supply chain. In the following sections,
a number of cutting-edge SC coordination practices and information technolo-
gies are described.
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EDI, ECR, CPFR, and VMI

Electronic data interchange (EDI) was once used just for transferring informa-
tion (Hill & Scudder, 2002). Lately, many SCM practitioners have increasingly
embraced a number of emerging SCM practices, such as efficient consumer
response (ECR), collaborative planning, forecasting and replenishment (CPFR),
and cross docking, to facilitate improved coordination among channel members.
Launching in the United States, the ECR movement was initiated in 1993 as a
result of modern consumers who are more sophisticated and increasingly
demand higher quality, more product variety, and better services for less money
and less lead-time. ECR responds to tailor products through continuous improve-
ments, focusing on both the demand and supply sides.
CPFR, first adopted by companies like Wal-Mart, Pillsbury, and Procter and
Gamble, is an emerging SCM initiative that pursues greater profits through
improved operational efficiencies and better collaboration and information
sharing between trading partners. By embracing the CPFR technology, Wal-
Mart’s retailing is able to establish a solid information-rich relationship with most
of its customers and suppliers (Gottfredson, Puryear, & Phillips, 2005), which
has dramatically strengthen its coordinative capability with its business partners
and greatly enhanced its fundamental economies of scale in distribution (Moore,
1993). Different levels of coordination have led to a lower inventory level and
lower operating costs, successfully sustaining Wal-Mart’s dominance and
superior bargaining power.
In supply chain operations, inaccuracy in the information flow may significantly
hold up inventory levels and undercut production rates. Addressing this issue, the
participating supply chain members need to acquire necessary information about
sales forecasting and replenishment to improve the deficient product through-
puts. To satisfy this need, CPFR can be used as a novel way of sharing and
disseminating information in a supply chain network. With CPFR, participating
supply chain partners are required to collaborate and share information through-
out the entire design and production life cycle, from planning to execution (Esper
& Williams, 2003).
Addressing the bullwhip effect mentioned previously, Lee and Padmanabhan
(1997) analyzed the sources of the bullwhip effect and called for cooperation and
coordination among members to lessen its negative effects. For example, by
using CPFR with the philosophy of vendor-managed inventory (VMI), channel
members can share forecast and demand information and further streamline
replenishment, which leads to significant reduction of the bullwhip effect
(Kopczak & Johnson, 2003). To achieve better coordination and diminish the
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phenomenon of demand distortion, more and more companies have started
sharing point-of-sales (POS) information throughout the supply chain (Steckel,
Gupta, & Banerji, 2004).

Cross Docking

Between 1972 and 1992, Wal-Mart went from $44 million in sales to $44 billion,
partially because this retailing giant has been capable of optimizing its distribution
and logistics (Hammer, 2004) by adopting the so-called “cross docking” tech-
nique. Cross docking refers to a logistic process whereby the goods transported
to a distribution center from the suppliers are immediately transferred to the
stores (Hammer, 2004). In other words, cross docking is a process of taking a
finished good from the manufacturing plant and delivering it directly to the
customer with little or no handling in between. Simply put, the cross-docking
process means receiving goods at one door and shipping them out through the
other door almost immediately, without ever putting them in storage. As a result,
the step of filling a warehouse with inventory before shipping it out can be
virtually eliminated. In practice, implementation of the cross docking process
requires seamless coordination of products transportations among different
suppliers, distribution centers, and retail stores in a timely fashion.

Internet Technology for SC Coordination

The Internet and its associated technologies (e.g., intranet and extranet) provide
enormous opportunities for companies to make significant improvements in
managing and optimizing their supply chains through efficient and effective
information flows (Boyson et al., 2003). Shared information enabled by the
Internet helps break down functional barriers. Further, Internet technology can
help supply chain members to develop a common understanding of the market-
place (Boyson, Corsi, Dresner, & Harrington, 1999). With effective use of the
Internet, the entire network of a supply chain allies as a whole instead of just a
single member or chain to compete in the marketplace. As an example, Dell
responds to supply-demand imbalance by changing its price options or price
bundling to steer demand by making the most of Internet. Dell’s marketing
scheme—Sell What You Have—would not exist without Internet technology
(Kopczak & Johnson, 2003) because price elasticity can be managed easier
online. For example, the price changes at the Dell site can be seen by all
participating members. As a result, there is no need for Dell to inform any of its
channel members via paper invoices that slow down the business processes.
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Stretching the use of the Internet, Johnson and Whang (2002) divided Internet-
enabled e-business and e-supply chain technologies into three categories: e-
commerce, e-procurement, and e-collaboration. According to their definitions, e-
commerce helps a network of supply chain partners identify and respond quickly
to changing customer demands captured over the Internet. E-procurement
allows companies to use the Internet for procuring direct or indirect materials as
well as handling value-added services like transportation, warehousing, customs
clearing, payment, quality validation, and documentation. E-collaboration facili-
tates coordination of various decisions and activities beyond transactional
operations among partners, suppliers, and customers over the Internet.

Internet-Enabled Supply Chain Portal for
Heterogeneous IT Environment

Transmitting information electronically reduces errors and increases reuses of
information. However, each supply chain member may not adopt the same
standards and/or systems to communicate with each other during the business
processes. Addressing this issue, a Web-based supply chain portal (SCP) is one
of Internet technologies that can be used to solve the problems associated with
different standards and systems in SCM. Examining recent business practices,
the SCP has actually taken SCM in an electronic form to a new level. Managed
and designed by an organization, a SCP can support any business processes in
supply chain management (Boyson et al., 1999).  The portal is also capable of
supporting collaboration among business partners on related business processes.
In practice, the collaborative partners are not limited to suppliers and sellers/
retailers but can also include customers downstream in a supply chain. On the
demand side, a typical SCP solution facilitates an e-commerce, front-end
interface for promoting products or services and processing transactions. On the
supply side, a portal streamlines and coordinates internal business transactions
and interorganizational operations in a real-time mode (McCormack & Johnson,
2001).
A portal can manage many peer-to-peer relations as well as simplify numerous
business processes (McCormack & Johnson, 2001). Unifying supply chain
partners in a single portal will make the transactions easier for the buyers and,
in the meantime, more efficient for the suppliers despite different standards and
communication technologies throughout the whole supply chain. With the use of
SCP, any authorized partner in a supply chain can bypass excessive security
procedures, such as log-on access, and immediately retrieve the relevant
information (McCormack & Johnson, 2001). With SCP, the user’s access
privilege in a portal depends upon his or her level of security clearance.
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Meanwhile, information on a portal can be updated in real-time from multiple
sources.
In terms of the functionality and practicality of SCP, McCormack and Johnson
(2001) summarized that the SCP can be adapted to:

• provide a unified format and middleware platform;
• use real-time messaging to assure supply chain operations within optimal

inventory level parameters;
• personalize portal views based on user requirements and security/access

classifications;
• distribute field-based data gathered from scanners, PDA devices, and other

information appliances to multiple users; and
• construct a seamless grid of information on key operational performance

areas.

Supply Chain Management Systems

Evidence provided by Subramani (2004) showed that IT-enabled electronic
integration technologies, such as supply chain management systems (SCMS),
could create and retain greater value for each channel member in a supply chain.
According to Subramani, there are two major functions of SCMS: automating
and informating. These functions are further distinguished in two different
perspectives, namely, exploitation and exploration. Exploitation is the extension
or elaboration of old certainties, whereas exploration is the method of pursuing
new possibilities (Subramani, 2004). More precisely, exploitation refers to using
the system to perform structured, repetitive tasks, while exploration is meant to
use SCMS for unstructured tasks that may seek or create new business
processes and/or opportunity (Subramani, 2004). In general, exploitation can be
a supplement to exploratory uses of SCMS.
Derived from several research studies, Table 1 summarizes the differences
between SCMS and SCP in several categories including major functions,
functionalities (Johnson & Whang, 2002), communication, channels, applications
(Boyson et al., 1999), performance metrics (Otto & Kotzab, 2003), and their
drawbacks. Performance metrics in an organization perspective are represented
by transaction costs, time to network, flexibility, and density of relationships
(Otto & Kotzab, 2003). The density of relationships is then evaluated by the
density of a relation based on the distance of “social, technological, cultural,
geographical, and time” (Otto & Kotzab, 2003, p. 315).
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IT Alliances for
Effective SC Coordination

Transitioning from controlled spillovers to strategic alliances of IT investments
reveals a new, promising aspect of knowledge sharing for seamless coordination
among supply chain members. Essentially, IT alliances between channel mem-
bers are formed to search for “new capabilities” and interdependencies within
limited social networks (Rosenkopf & Almeida, 2003, p. 753). These limited
social networks are the clusters close to each other in some way. Alliances of
IT-related R&D facilitate the growth and/or profit of a supply chain because
alliances offer great accessibility to essential business and SCM-related knowl-
edge. In a study of the semiconductor industry, Rosenkopf and Almeida (2003)
illustrated overall knowledge flows across supply chain networks, while the firms

 SCMS SCP 
Major functions Automation  

Information sharing 
 

Information sharing 
Knowledge sharing 
Interoperation  

Functionalities e-Procurement  
e-Commerce 

e-Procurement 
e-Commerce 
e-Collaboration 

Communication Hierarchical 
Sequential  
Difficult to update 

Open 
Multi-directional 
Easy to update 

Channels Business-to-business  
Business-to-consumer 
(limited) 

Business-to-business  
Business-to-consumer  
Consumer-to-consumer (limited) 

Applications EDI 
VMI 
CPFAR 
ECR 
 

Search engine 
KM repository 
Data mart 
Data warehouse 
Index/category filter 
Information push 
Information mining 

Performance Metrics 
• Transaction cost 
• Time to network 
• Flexibility 
• Density of 

relationship 

 
 
High 
Long  
Easily change 
Low density  

 
 
Low 
Short 
More easily change 
High density  

Drawbacks Disconnection 
Broken channel links 
Lack of interoperation 

Vulnerable to malicious attacks 
Trust & commitment issue among 
trading partners 

 

Table 1. Comparison of SCMS and SCP
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allied and worked together as networks of networks. Further strategic IT
alliances can be formed by either technology similarity or geographic proximity
among participating members.

Technology Similarity

When firms form alliances, they are more likely to cooperate with other
companies that have similar technologies. In other words, the firms that maintain
similar positions in constructing their technological landscapes will build their
allied relationships upon the knowledge stock of the firms’ core competencies.
For example, common patent citations are used to form alliances in a semicon-
ductor industry (Stuart & Podolny, 1996). Using a secondary data analysis,
Kalaignanam, Shandar, and Varadarajan (2005) provided some insights about
information technology industry. They found that the alliance scope contributed
to financial gain in large firms, while the alliance type (scale or link alliance)
contributed to financial gain in small firms. Evidently, the sizes of firms matter
to the IT alliances strategically.

Geographical Similarity

Silicon Valley is a good example of strategic alliances in a geographical cluster.
Having conducted a social network analysis, Owen-Smith and Powell (2004)
documented alliances as knowledge flows among the firms within the Boston
region. According to the analysis results, the local links can be formal, that is, a
strategic alliance, or informal, such as a social network that recognizes each
other via professional courtesies in a region. Rosenkopf and Almeida (2003)
suggested that geographic proximity should reduce costs and increase the
frequency of personal contacts in a regional network. The more frequent
contacts occur among firms, the better alliances they can organize. Therefore,
the knowledge can easily flow among the allied members while geographic local
searches can be reciprocally stimulated. The local searches, then, reinforce the
organizational and/or regional establishment in terms of technology alliances.
Owen-Smith and Powell (2004) suggested that the spillovers resulting from
proprietary alliances were a combination of the institutional commitments and
members’ practices in the network. Specifically, they made an attempt to
capture any possible links by utilizing social network analyses. Between infor-
mation spillovers and the strengths of regional networks, Owen-Smith and
Powell found that contractual linkages along with physical proximity represented
relatively strong alliances (Figure 1).
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The strengths of alliances are embedded in a mechanism of a rich ecology and
a regional labor market. Similarly, while studying technology-based alliances,
Stuart (2000) also found that strong alliance increased innovation rates in the
semiconductor industry. However, he discovered that those affiliations de-
pended strongly on partner characteristics in terms of IT alliances. Also, Colwell
and Vibert’s (2005) study illustrated that firms were likely to be satisfied to
collaborate with those with whom they had engaged in a satisfying partnership
previously. Therefore, commitment and trust are embedded in a longer term of
partnership.
One typology, developed by Tapscott, Ticoll, and Lowy (2000), and further
interpreted by van der Vorst, van Dongen, Nouguier, and Hilhorst (2002), defines
four different types of e-business initiatives based on economic control and value

 
 

 

Supplier 

Supplier 

Supplier 

Manufacturer 

Distributor 

Distributor 
 

Retailer Consumer 

Consumer 

Consumer 

Consumer Manufacturer 

Manufacturer 

Retailer 

Retailer 

 

High 

Far 
Proximity 

Close 

Technology Similarity 

Low 

 
 High 

Distant 

Strong 
spillover

s 

Weak 
spillover 

Coordination 
Intense 

Market Intelligence 

Low 

Strong 
alliances 

Weak 
alliances 

Figure 1. Strong vs. weak alliances among upstream vs. downstream
channels (Rosenkopf & Almeida, 2003; Lancioni et al., 2003b; van der
Vorst et al., 2002; van der Vorst, Beulens, & van Beek, 2000)
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integration. This typology represents the value-added IT alliances into four
categories:

• E-marketplaces that facilitate the exchange bring together sellers and
buyers.

• Information chains that provide the transparency of information through the
value chain and focus on the demand-driven information for monitoring
customers’ demands and behaviors.

• Virtual enterprises (or alliances) that play a role as a broker who leads a
network of community to collect knowledge for every participating mem-
ber.

• Value chains or “extended enterprises” (van der Vorst et al., 2002) that are
represented as a form of “supply chain integration” (p. 133).

According to van der Vorst et al. (2002), “virtual enterprises” and “value chains”
are different in terms of economic control. Every member in virtual enterprises
has been empowered to access, create, and update the knowledge in the
network, whereas “value chains” are controlled by a hierarchy that dominates
the supply chain. Jap and Anderson (2003) have illustrated goal congruence as
a powerful governance tool in alliances. In reality, the breadth and intensity of
the relationship between alliances will either grow or discontinue over time
(Dyer, 1997). For example, opportunists in a supply chain may eventually be
dropped out of the cooperation for lacking commitment or contribution. The
alliances may grow if the IT investments have added benefits to each channel
member throughout the supply chain in addition to the harmonious relationships
among the allies. Two potential benefits—short-term operational efficiency and
longer-term new knowledge creation (Clark, 1989; Malhotra & Gosain, 2005)—
may be generated in allied relationships.
To configure supply chain capacity, Malhotra and Gosain (2005) presented
“structure” and “cognitive” impacts for alliances in electronic business (p. 31).
The structural impact is the adoption of standardized interfaces for linking
potential partners in a timely fashion, while the cognitive impact stands for the
uses of new knowledge to reduce managers’ cognitive loads (Malhotra &
Gosain, 2005). The quick coordination between partners increases the capacity
to create market intelligence that, in turn, enhances decision-making processes.
Figure 1 presents such a model demonstrating that coordination and market
intelligence may result from the IT alliances in the upstream.
Despite the importance of technology similarity and proximity, economical
control, or value integration, Toyota has switched to a system of “dynamic
learning capability” to encourage suppliers’ involvement, promote knowledge
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sharing, and prevent free riders in its supply chain (Kim & Im, 2002). Doz (1996)
explored alliances as a learning process that could occur in several dimensions,
such as environment, tasks, processes, skills, and partner goals. The “dynamic
learning capability” has led a whole supply chain to its competitive advantage.
The value-added functions are distributed across the participating members who
are interactively coordinated. The interactive coordination is indeed facilitated
by a knowledge-sharing network known as “virtual enterprises,” as mentioned
above. According to Kim and Im (2002), the knowledge-sharing network
facilitates a supply chain in three ways: (1) saving in procurement and transaction
costs; (2) alleviating the bullwhip effect and lowering inventory; and (3) allying
the R&D support and co-engineering.
In light of Otto and Kotzab’s (2003) performance metrics (i.e., time to network,
flexibility, and density of relationship), this chapter intends to incorporate the
performance metrics to the downstream spillovers that are created from the
upstream investments. Figure 1 shows such an effort. Future research is
required to investigate how the spillover effect (resulting from either strong
alliances or weak alliances) can add value and benefits to the supply chain as a
whole. The researchers classify the possible spillovers outcomes with two
determinants—market intelligence and coordination. The downstream spillover
effect depicted in Figure 1 can be interpreted by a “technology similarity” that
may make possible more knowledge sharing while “proximate” alliances lead to
a better coordination in a supply chain. The knowledge sharing and coordination
can also be explained by Malhotra and Gosain’s (2005) “structure” and “cogni-
tive” impacts.
The transaction costs may decrease or the values may increase while the
spillover effect (mainly resulting from the IT investments in the upstream) moves
to the downstream. Derived from value chain (Porter, 1985), transaction cost
(Williamson, 1993, 1995), resource-based view (Barney, 2002) principles, and
resource-advantage theory, Table 2 summaries a typology of competitive
advantage positions in terms of alliances and spillovers.

 Downstream  
Weak Spillovers  

Downstream  
Strong Spillovers 

Upstream  
Weak Alliances 

1. Money Pit 3. Competitive  
Advantage without  

Sustainability  
Upstream  
Strong Alliances 

2. Possible ROI  
in a Longer Term 

4. Competitive  
Advantage with  

Sustainability 

 

 

 

 

Table 2. The typology of competitive advantage positions in terms of
alliances and spillovers in a supply chain
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The four arrows in the table represent the emergent competitive advantage
positions that synchronize with the market changes. These four positions of the
typology are described in detail next.

Position 4: Competitive Advantage with Sustainability

 Strong alliances in the upstream supply chain are likely to engage more sturdy
spillovers that will lead to a more sustainable competitive advantage. Prior to
reaching this phase of affiliation, the alliances between upstream members may
have previously formed their partnership with satisfaction (Colwell & Vibert,
2005). The partners have learned from each other on how to work with each
other (Jordan, 2004; Kim & Im, 2002). Therefore, they can team up with great
ease, comfort, and trust. The more satisfied the partnership is, the more likely the
firms are to ally repeatedly. While robust alliances can support stronger
spillovers and sustain a better position in competitive advantage as a whole, the
long-term relationships may collapse because of economic situation, market
changes, consolidations, or conflicts of new alliances. The strength of upstream
alliance diminishes and this sustainability could retreat to the third position.

Position 3: Competitive Advantage Without Sustainability

This position is characterized by the mixture of strong downstream spillovers and
weak upstream alliances. The strong spillovers may support the supply chain
with a competitive advantage; however, they may not be able to provide
sufficient sustainability in competitive advantage. The argument here is that the
competitive advantage may have been generated from the strong spillovers
derived simply from weak resources, namely, less innovative technology, lack of
coordination, or short of investment effort. From the perspective of resource-
advantage (R-A) theory, this position is similar to Hunt’s (2000) “Cell 6” of
competitive position matrix. In Hunt’s research, the competitive position matrix
contributing to the thrust of R-A theory represents nine possible competitive
positions based on the combinations of a firm’s resource-produce value and
relative costs for producing such value. The “Cell 6” represents an “effective-
ness” advantage because “their parity costs produce superior value” (Hunt,
2000, p. 139). Simply put, Position 3 can be effective but not sufficient to sustain
a competitive advantage over time. It is possible that it would recede to Position
1 or move to Position 4, depending on the fact that alliances become stronger or
spillovers become weaker. To assume pessimistically, Position 3 is more likely
moving towards to Position 1.
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Position 2: Possible Return on Investment (ROI)

In this position, the ROI will take a longer time to evolve to stronger spillovers
that will show beneficial impact to the supply chain. Jap et al. (2005) presented
the “overshooting the target” situation to illustrate the long-haul investment in
partnerships. Some R&D alliances may range from three to 10 years. Therefore,
commitment and trust need to be established in addition to a governance
structure. With strong upstream alliances, the downstream spillovers should be
increasingly strengthened to move forward to Position 4. Nevertheless, there
always are some possibilities that R&D may not be able to completely follow
through. If that is the case, Position 2 can then turn into Position 1. However, with
strong alliances or previous satisfying cooperation experiences, the spillovers in
the downstream will eventually come around and cause the state of competitive
advantage to move towards Position 3.

Position 1: Money Pit

This position represents a combination of weak alliances and weak spillovers that
is likely to dangle the firms over the precipice of a potential money pit. Jordan
(2004) has stressed that alliance success depends on the combination of a high
level of cooperation and knowledge/information sharing. If the allies fail to learn
or share from one another, then the supply chain’s ability to compete may be
compromised (Jordan, 2004; Kim & Im, 2002). Therefore, the investments may
not realize a return. However, as the allied partners’ learning experience
becomes more satisfying, futile partnerships will eventually evolve to partner-
ships that are more favorable. Therefore, it is possible that Position 1 can swing
towards Position 2. In this case, stronger downstream spillovers may come about
due to increasing coordination and knowledge sharing.

Conclusion

As there are multiple channels, there are multiple combinations in grouping a
supply chain (refer to the gray shaded areas in Figure 1). In other words, the
reconfigurations continuously evolve as long as there is a change of trading
partners in a supply chain or one of the trading partners changes the way of
dealing with businesses. For example, if Wal-Mart switches to CPFR, then all of
its distribution partners must change their business processes accordingly.
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For most firms, their IT investments still remain in the upstream of the supply
chain for better performance, more efficient throughput, shorter lead time, and
improved customer satisfaction. Nevertheless, as IT improves the upper chan-
nels, it will be highly likely to enhance the performance for the entire chain
because of the “spillover” effect. Hence, the spillover effect has been recog-
nized as a viable enabler to turn the supply chain into a sustainable competitive
advantage as a whole.
Furthermore, there is an increasing emphasis on the R&D investments in a
supply chain in terms of strategic alliances in IT investment. In most cases,
similarities in technology and geographic proximity are the two ultimate factors
for forming such IT alliances. In reality, IT investments can be very costly. If a
firm can strategically plan out the investments and properly spread out the costs
among the trading partners, it can acquire a better marginal benefit and return
on investment.
Since the late 1990s, Internet technology has introduced different aspects of
innovative processes, such as mass customization, real-time inventory manage-
ment, and, most importantly, the diminishing of intermediaries (Porter, 2001). Not
only does the Internet move businesses from “brick and motor” to “click and
play,” it also facilitates the companies to fundamentally reengineer their busi-
nesses. Internet technology makes business processes among suppliers, custom-
ers, intermediaries (if they exist), and business partners more efficient and
effective because of its real-time, ubiquitous capabilities. Nowadays, Internet
technology has changed the landscape of SCM in almost every aspect, including
business process integration, coordination, collaboration, and information/knowl-
edge sharing.
Several issues on strategic alliances of IT among supply chain channel members
have been illustrated in this chapter. However, there are a number of limitations
needing to be addressed in future research. First, in extension of the typology of
van der Vorst et al. (2002), Gunasekaran and Ngai (2004) introduced a
framework for the development of IT for effective SCM. The framework
includes such integral components as strategic planning of IT, virtual enterprise,
e-commerce, IT infrastructure, knowledge management, and IT management
and implementation. Making it more complete, it is suggested that the framework
should include the study of organizational issues related to IT establishment as
one of the future research activities.
 As far as strategic alliances of IT investments are concerned, another important
area of future research is to investigate how the spillovers can be properly
incorporated into a firm’s strategic planning needs (Mahajan & Vakharia, 2004).
From a longer term perspective, a firm’s R&D investment introduces a firm’s
specific capabilities. In line with a firm’s investment in R&D, there are two
important issues that ought to be in the spotlight for future research: (1) how the
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knowledge-sharing network can enhance its “dynamic learning capability” (Kim
& Im, 2002), and (2) how the knowledge-sharing network fits into the landscape
of the whole supply chain in a rapidly changing business environment.
In Mahajan and Vakharia’s (2004) article, it was mentioned that the accruing
benefits from each channel member may help increase efficiency and produc-
tivity of the entire supply chain. To assist investors in figuring out more financial
measures beyond just ROI, some performance metrics should be in place. In light
of this need, Otto and Kotzab (2003) offered a complete list of performance
metrics of SCM, along with associated problems and suggested solutions.
Furthermore, to prevent the free-riding phenomenon in a supply chain, the “fee-
for-use” of IT was tested by the mathematical models developed by Mahajan and
Vakharia (2004, p.681). Extending from Mahajan and Vakharia’s research,
examination of how much or how often to subsidize or charge the participating
members in a supply chain is recommended.
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Abstract

While the benefits of adopting interorganisational supply chain management
(IOSCM) initiatives, such as efficient consumer response (ECR) and
collaborative, planning, forecasting, and replenishment (CPFR), have
been widely reported within industry, their adoption has been slow and
below industry expectations. There is a lack of theory within the literature
to explain this problem in IOSCM initiatives adoption. Employing an
inductive case-study approach to theory building, broadly in the tradition
of grounded theory, this chapter develops a process model that captures
the complexity of intra-industry interactions in the course of IOSCM
adoption and argues for a normative path that necessarily has to be taken
to achieve the increasing levels of integration envisioned in IOSCM
initiatives. The model proposes that three sets of requirements have to be
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met to achieve a certain level of integration: supply chain integration,
interorganisational structures, and relationship intimacy. However, to
achieve the higher levels of integration implicit in initiatives such as CPFR,
it is necessary to have mastered capabilities at lower levels of integration
demanded by earlier initiatives. We argue that this path dependence
constitutes a major barrier to the adoption of more advanced IOSCM
initiatives.

Introduction

Over the last two decades, the practice of supply chain reengineering among
supply chain partners has become an important strategy to increase the
capabilities of whole supply chains to survive and compete more effectively in
a highly competitive and volatile marketplace (Clark & Stoddard, 1996). Supply
chain reengineering is the process of transforming and synchronising supply-
chain-related activities between groups of organisations along a traditional value
chain to increase channel efficiency and effectiveness (Humphreys, Lai, &
Sculli, 2001). Reengineering efforts often involve the adoption of various
initiatives or programs that embody innovations in supply chain management
thinking and processes. These initiatives, which we refer to in this chapter as
interorganisational supply chain management (IOSCM) initiatives, are
aimed at increasing the levels of cross-organisational interoperability and
integration, such that greater visibility, velocity, and reduced variability along the
supply chain can be achieved. Successful adoption of IOSCM initiatives
promises reductions in overall supply chain costs and an increase in the quality
of customer service (Clark, 1994). Some examples of such initiatives include
just-in-time, quick response, efficient consumer response (ECR), and, more
recently, collaborative planning forecasting and replenishment (CPFR). IOSCM
initiatives usually also involve, concurrently, the implementation of various types
of interorganisational systems (IOS) (Johnston & Vitale, 1988) to facilitate the
electronic exchange of information across organisational boundaries. Examples
of related IOS include Electronic Data Interchange (EDI); data synchronisation
hubs, such as EANNet or UCCNet; and more sophisticated collaboration hubs
such as GlobalNetXchange.
Although the benefits of supply chain synchronisation and collaboration are
reasonably clear, many have found that the path to achieving the envisioned
extents of integration within highly competitive environments is not an easy one
(Crum & Palmatier, 2004). This is evident in the large proportion of organisations
that have piloted initiatives with major trading partners but have failed or faced
delays in formally implementing and scaling-up these initiatives (Frankel, Goldsby,
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& Whipple, 2002; Neuman & Samuels, 1996). Adoption of supply chain
initiatives often involves concerted effort among two or more organisations and
is, therefore, complicated by the need to synchronise information, activities, and
business mindsets across organisational boundaries (Borchert, 2002; Forger,
2002). Due to the interorganisational nature of supply chain initiatives, their
adoption and, in particular, their lack of adoption have the potential to impact
operational routines and relationship structures, not only among firms within a
supply network, but possibly interactions at the industry level as well. This
potential impact provides the necessary motivation here to understand why
adoption has been problematic and the sort of challenges organisations face in
their attempts to jointly adopt these initiatives with other organisations along the
supply chain.
Much of the prior research on IOSCM initiatives adoption has taken a factors
approach (Ramanathan & Rose, 2003) to identifying the conditions necessary
for initiation and implementation of particular initiatives, most often EDI, usually
at the organisational and dyadic levels, within a single epoch. There are currently
very few studies attempting to understand the adoption of more sophisticated
forms of IOSCM initiatives. Existing studies have explored how trust and the
willingness to cooperate (Li & Williams, 1999), mutuality of benefits (Kurnia &
Johnston, 2001), risks and costs as well as asymmetries in technical, organiza-
tional, and cultural systems are contributing factors in hindering adoption efforts
(Barratt & Oliveira, 2000; Borchert, 2002; Svensson, 2002). These studies
assume that innovation adoption will most likely occur if the necessary and
sufficient conditions relating to the characteristics of the technology, capabilities
of adopting organisations, and the forces in the external environment are present
(Kurnia & Johnston, 2002). However, innovation is generally perceived to be a
static end-state and its adoption follows a simple linear path. There is little
emphasis on understanding the context and nature of change that can occur over
time beyond the organisational level (Ramanathan & Rose, 2003).
Despite the recognition that supply chain cooperation and collaboration is a
necessary condition in adopting highly integrative supply chain initiatives (Holmes
& Srivastava, 1999; Horvath, 2001; Kurnia & Johnston, 2000a), few studies go
on to explore how firms go about achieving the appropriate level of collaboration
that is required to adopt these initiatives. This is due to the lack of theoretical
frameworks about how groups of organisations interact to jointly adopt
interorganisational supply chain management initiatives. The importance of
developing theoretical frameworks that consider the complex emergent process
of innovation development and adoption, especially those innovations that span
organisational boundaries and involve concerted actions of multiple actors in its
adoption, is now widely recognised within the information systems (IS) and IOS
community (Li & Williams, 1999), however, such theories are still in limited
supply.
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Several authors (Damsgaard & Lyytinen, 1998; Kurnia & Johnston, 2000b,
2000c) have argued for interorganisational systems innovation adoption to be
understood as an ongoing process. These authors have also suggested that
investigations need to be conducted at multiple levels of analysis and argued for
the broadening of the level of analysis beyond the organisational unit to include
its immediate supply chain environment in order to understand the influences of
intra-industry dynamics on adoption. Processual approaches to understanding
innovation adoption also naturally assume a broadening of the temporal unit of
analysis beyond a single epoch to include historical developmental events that
might have led to the current adoption scenario. Development of such models
requires researchers to investigate the multidirectional interactions and emer-
gent characteristics of a phenomenon; thus, the use of more in-depth interpretive
approaches for data collection, such as longitudinal case studies, ensures that the
changes over time can be captured (Van de Ven & Huber, 1990).
This chapter seeks to address the limited theories within literature that can be
used to explain difficulties in IOSCM initiatives adoption by developing a process
model that captures the complexity of intra-industry interactions in the course of
adopting increasingly more sophisticated IOSCM initiatives. In addressing this
question, our specific focus is on the collaborative interactions and arrangements
among groups of organisations in achieving greater levels of supply chain
integration. The main objective is, therefore, to describe and illustrate a model
that provides a new perspective to explain the sources of complexity faced by
groups of organisations in adopting highly integrative supply chain management
initiatives. The model aims to address limited understanding about how prior
IOSCM adoption experiences provide the necessary prerequisites to adopt
subsequently more complex initiatives. The concepts of interorganisational
relationship development in a supply chain context and processual theories of
interorganisational systems adoption are integrated to provide understanding of
this process.
The model presented was derived from extensive empirical research using
longitudinal exploratory case studies conducted within the context of CPFR
adoption among leading players in the Australian Grocery Retail Industry.
Employing an inductive approach to theory building, broadly in the tradition of
grounded theory, findings suggest that supply chain initiatives are difficult to
implement because their embedded vision of integration inherently poses three
sources of complexity: (1) organisations are required to integrate systems,
policies, and processes across organisational boundaries; (2) new forms of
interorganisational structures are required to sustain new routines and cross-
organisational interactions; and (3) it is necessary to build closer more intimate
interorganisational relationships such that trust and commitment are established
and sensitive information can be exchanged. The research finds that the
difficulties in achieving greater levels of supply chain integration is due to
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organisations having to also achieve lower levels of integration, interorganisational
structures, and relationship intimacy. A main contribution of this chapter is to
conceptualise the three sources of complexity and their relationships in a process
model highlighting a normative path that necessarily has to be taken to achieve
greater levels of supply chain sophistication and integration. The model also
clarifies the preconditions that exist at each step of this path.
The following section presents the methodology and grounded analysis of a case
study of IOSCM initiative adoption in the Australian Grocery Industry. The
outcome of this section is a grounded conceptual model of IOSCM adoption. The
next section then develops this model by introducing dimensions to each of the
major constructs, the outcome being an exposition of the varying levels of
complexity inherent in different types IOSCM initiatives. That section concludes
by proposing a process model of IOSCM initiatives adoption that provides a new
understanding of the complexity organisations face in adopting highly integrative
IOSCM initiatives. In conclusion, we apply the new understanding proposed in
our process model to answer the question that motivated this research, and
discuss the limitations and significance of this model to theory and practice. Some
directions for future research are also suggested.

Case Study of IOSCM
Initiatives Adoption in the

Australian Grocery Industry

Sources of Data

Case studies were conducted within a network consisting of one major grocery
retailer and five large consumer packaged goods manufacturers to explore the
adoption of the emerging supply chain management concept of CPFR in the
context of the Australian Grocery Industry. Table 1 shows the profiles of the
organisations involved. Company names were changed and their geographic
location was withheld to ensure anonymity in our case discussion. We have
included the approximate global annual sales and number of categories and
brands to indicate the size of the company and its product portfolio, respectively.
Also, the table indicates the status of CPFR adoption at the time the interviews
were conducted.
Manufacturers selected are all global leaders in their product range and are
relatively large organisations. This is to ensure that the influence of power due
to organisational size differences between retailer and manufacturer is moder-
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Table 1. Profile of case organisations and participants interviewed
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ated. All the manufacturers have existing links with the major retailer, but
variations exist in the individual relationships with the retailer and also in the
extent of prior cooperative activities. Several of the manufacturers have piloted
CPFR with the retailer, and although some have decided to scaleup the initiative,
others are still in the process of negotiations and decision making. These varied
characteristics, therefore, make these manufacturers ideal cases for comparison
in our attempt to illustrate the inherent technological, organisational,
interorganisational, and relationship requirements necessary for adoption of the
emerging CPFR concept.
The case studies were generally exploratory in nature, with the aim being to
investigate the barriers and requirements faced by retailer-supplier dyads in the
process of adopting and implementing supply chain initiatives—in particular, the
CPFR initiative across organisational boundaries. The unit of analysis includes
the collaborative arrangements between pairs of organisations, focusing on their
joint activities and the nature of their relationship. However, interrelated data at
various other levels of analysis were also sought. This included the examination
of the individual experiences of supply chain managers, project managers, users,
consultants, as well as the wider institutional context in which these organisational
relationships were embedded (Pettigrew, 1990; Van de Ven & Huber, 1990).
Primary data were obtained through semi-structured interviews (Flick, 1998)
conducted with customer supply chain managers, program managers, and supply
chain analysts involved in the CPFR Project at different points in the project over
a period of three years. The researchers were involved from close to the very
start of the project and therefore had access to the pre-adoption and also the
emergent adoption experiences. Additional data was obtained through partici-
pant observations in formal and informal meetings. In many cases, several
follow-up interviews and informal meetings, sometimes with representatives
from both retailer and supplier organisations present, were carried out in person
and via electronic mail with the participants. Recorded interviews were tran-
scribed verbatim shortly after each visit. Where interviews were not tape-
recorded, either because the participants requested it or because the investiga-
tors felt that recording would hamper the candidness of the participants, notes
were taken and a summary of the interview e-mailed to the relevant participants
for feedback and confirmation.
Secondary sources of data were essential in providing relevant information on
existing related initiatives, such as ECR, and the adoption experiences of these
initiatives in other parts of the world leading up to CPFR. These sources of data
include available formal promotional documentation on the various initiatives,
proprietary consulting reports, grocery industry reports, trade journals (e.g.,
newspapers and business magazines), organisational documents, and corporate
presentations, as well as press releases from the corporate Web site and from
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newspapers. The most important of these documents included a 1998 publication
by the Merchandising Issues Committee of the Voluntary Inter-Industry Com-
merce Standards (VICS) organisation, an industry standards body, of a seminal
document establishing a set of voluntary guidelines that serves as a road map for
distributors, suppliers, and third-party providers of software and logistics to guide
implementation efforts within the industry. This document describes the CPFR
vision and its envisioned processes, along with suggestions about the technologi-
cal and organisational changes necessary to operationalise the vision. Several
companion documents have also been published by another industry body called
Efficient Consumer Response Associations (ECRA). These documents supple-
ment the original guidelines with adoption experiences in other parts of the world,
namely, Europe, United States, Canada, and Australia. Also, they provide
information on how earlier ECR initiatives are related to CPFR. The VICS
organisation also maintains a Web portal dedicated to providing information
about advances in the CPFR initiative (www.cpfr.org).

Data Collection and Analysis

Data collection, analysis, and theory building followed an approach that is
qualitative (Eisenhardt, 1998; Miles & Huberman, 1994) and inductive, broadly
in the tradition of grounded theory (Strauss & Corbin, 1998). The features central
to the grounded theory approach include the method of constant comparative
analysis, theoretical sampling, theoretical sensitivity, and theoretical saturation
(Glaser & Strauss, 1967). This involved a process of textual analysis of
transcripts and field notes for the identification of major categories and their
causal relationships, using coding techniques of open coding, axial coding, and
selective coding (Sarker, Lau, & Sahay, 2001; Strauss & Corbin, 1998). Broadly
speaking, open coding helps analysts break down large chunks of data (e.g., an
interview transcript) into more manageable parts (e.g., lines, paragraphs, or
phrases) that can then be examined closely, compared, and differentiated, and
developed into groups of categories in terms of their properties and dimensions.
Through axial coding and selective coding, data is reassembled through state-
ments about the nature of relationships among various categories. These
statements are also commonly referred to as “hypotheses” or “propositions.”
Such techniques have been argued to produce rich descriptions of the phenom-
enon under study and theoretical models that are largely grounded in the data
(Orlikowski, 1993; Sarker et al., 2001).
In our research, analysis of data collected from the first pair of organisations
provided a set of preliminary concepts. Subsequent case sites were selected with
the aim of refining emerging categories, providing the necessary data to
inductively strengthen weak connections between categories, and deductively
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testing relationships that have already emerged (Sarker et al., 2001; Strauss &
Corbin, 1998). Due to the long period of time immersed and interacting with the
data, and by drawing on the literature and personal experiences, a theoretical
sensitivity necessary to distinguish and assign meaning to what is significant in
the data was developed. The constant self-reflection required throughout the
theory-building process ensured that the researchers were conscious about not
imposing a theoretical bias that does not actually correspond to the patterns in the
data.
In the following section, an overview of the CPFR vision and aim is provided,
followed by a discussion of the grounded analysis. The section concludes by
presenting a conceptual model of IOSCM adoption that has emerged from the
grounded analysis.

Establishing a Grounded Conceptual
Model of IOSCM Initiatives Adoption

In this section, we describe and present the outcome of our grounded analysis on
the case studies to establish a conceptual model of IOSCM adoption. We found
evidence in our case studies to suggest that organisations and their partners
faced three sources of complexity that complicate the adoption of an IOSCM
initiative called CPFR. The following subsections will briefly describe the CPFR
vision and then proceed to describe the sources of complexity and their
relationships with each other.

Overview of the CPFR Vision and Aim

Established in 1997, collaborative planning, forecasting, and replenishment
(CPFR) was developed to address the limitations that were present in earlier
grocery industry initiatives in handling consumer demand variability. CPFR has
been seen within industry as evolving from efficient consumer response (ECR)
and, more specifically, from continuous replenishment program (CRP) (Barratt
& Oliveira, 2000). CPFR envisions two or more organisations exchanging
market information to jointly develop a market-specific business plan that
describes the product to be sold, the way it will be merchandised and promoted
in the marketplace, and the time frame in which this happens (VICS, 1998).
Developed as a nine-step guideline for retailers and their manufacturers, the
primary activities in CPFR suggest that organisations jointly develop a front-end
agreement on terms of collaboration, targets, and performance metrics, create
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a joint business plan, jointly develop a sales forecast, identify exceptions in the
forecast, jointly address and resolve the exceptions, generate an order forecast,
and execute the order. By sharing promotion schedules, point-of-sales data and
inventory data, a single shared forecast of consumer demand, at the detail of a
product, is developed. The retailer and manufacturer can then base all internal
planning activities relating to that particular product on the shared demand
forecast. CPFR aims to increase visibility of demand information along the
supply chain and leverage a collaboration-oriented relationship between retailer
and manufacturer, to increase the flexibility of the supply chain in planning for
and responding to volatile demand. Some benefits of CPFR include: more
predictable order cycles, reduced costs, more receiver-friendly loads, smaller
shipments, daily download of information, more frequent deliveries, accuracy of
information, shorter production runs, improved timeliness of information, in-
creased customer service, fewer out-of-stock scenarios, faster inventory turns,
availability of real-time information, reduced overstocks, and reduced inventory
holding (Barratt & Oliveira, 2001).

Major Sources of Complexity in the Adoption of CPFR

Analysis of the case studies suggests that efforts to achieve certain
interorganisational requirements create potential barriers in the process of
implementing and routinising the CPFR processes among participating
organisations. Drawing on instances from our case study data, this subsection
identifies three sets of requirements for adoption, which had been identified as
major recurring themes from the open and axial coding process in our grounded
analysis, and discusses how they pose sources of complexity that could poten-
tially create difficulties in adoption efforts.

Synchronising Processes, Policies and Systems Across Organisational
Boundaries

Joint planning and forecasting process: The major focus of the CPFR vision
is how organisations can jointly develop a business plan and a single shared
forecast of consumer demand for short- to medium- term business activities, in
particular, product promotions. Where planning and forecasting processes were
previously independent processes, within the CPFR vision, retailer and manufac-
turer organisations leverage their unique vantage points of the marketplace to
jointly improve demand planning capabilities through an iterative exchange of
data and business intelligence, with the outcome being the development of a
single shared forecast of consumer demand at the point of sale. This shared-
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demand plan then becomes the foundation for all internal planning activities and
is integrated with complementary processes, such as new product or market
development, production, and replenishment, related to that particular product
between the retailer and the manufacturer. This implies a shift in corporate
thinking and supply chain focus from market area-specific planning to customer-
specific planning (VICS, 1998). Such a shift in corporate thinking was reflected
in our manufacturer cases, whereby all were in the process of restructuring their
organisations to be more “customer facing.” Boundary spanning positions were
established and these were directly accountable to the retailer as a human
interface between the manufacturer and retailer organisation.
Policies: The nature of the planning and forecasting process in CPFR has
implications for existing inventory replenishment policies and retailer and
manufacturer order cycles (VICS, 1998). Where traditional practices emphasize
maintaining safety stock to cope with demand uncertainty and retailer’s short-
order cycles, CPFR takes a more consumer demand-driven approach by
leveraging the availability of POS-level and store-level inventory data that is now
shared between the retailer and the manufacturer to develop a single shared
forecast and demand plan. Earlier practices generated forecasts using historical
data and aggregated data of stock levels at warehouse and main distribution
centres. Also, by extending the retailer’s short order cycles to align with a
manufacturer’s longer order cycles, manufacturers can use the demand plan
generated to manage production as a “make-to-order” process for particular
products. This level of synchronisation between retailer and manufacturer
organisations works to reduce uncertainty and, therefore, reduces the need to
hold safety stock and to improve customer service.
Performance metrics: Due to the interorganisational nature of CPFR activi-
ties, a shared set of process-oriented performance metrics need to be established
between partnering organisations to monitor the ongoing performance of the
CPFR processes and to identify any areas for further improvement. Traditional
forms of performance metrics tend to be focused on functional-level perfor-
mance, such as sales forecast accuracy, stock levels, profitability, inventory
turns, or quantity of orders or goods sold. Such metrics encourage competitive
behaviour among internal departments and across organisations resulting in
detrimental practices, such as forward buying practices. In CPFR, the focus is
on the performance of the interorganisational collaboration. Process-oriented
metrics monitor order forecast accuracy, order fill rates to each inventory
holding location, cycle time for each process activity and process cost. These
metrics are coupled with result-oriented measures such as out-of-stocks on the
store shelf, inventory turns consolidated across the supply chain, total supply
chain cycle time, sales forecast accuracy, profitability, and return on assets
(VICS, 1998). However, the outcomes of these metrics cannot be generated
without partnering organisations sharing the necessary process and results
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measurement information on a regular basis. Some organisations, such as M-B,
are in the process of developing supply chain scorecards with trading partners
to more proactively monitor partnership performance.
Interorganisational information systems: Although the retailer in our case
study had piloted CPFR manually with manufacturers M-B and M-C separately,
this was very time consuming and resource intensive. To scale up CPFR across
more categories and with more trading partners, it is necessary to implement
various interorganisational systems that will enable real-time information that is
of a standardised format to be electronically exchanged and collaborated on
between organisations. The implementation of collaboration platforms, for
example, electronic hubs that provide collaboration applications services, such as
WorldWideRetailExchange (www.worldwideretailexchange.org) and
GlobalNetXChange (www.gnx.com), facilitate automation of certain parts of
the CPFR process, especially the exceptions reporting process that is a major
part of joint planning and forecasting. The promotional schedules and sales
forecast data that feed into these collaboration hubs are derived from promotions
planning, forecasting systems, and inventory management systems in the indi-
vidual organisations. Therefore, these organisational-level information systems
also need to be able to interface with the collaboration engine on the collaboration
hub such that close to real-time consumer information can be uploaded and
processed data can be downloaded for analysis.
In our case studies, we found that the lack of forecasting systems at manufac-
turer M-D created some delays in implementing CPFR with the retailer. This is
because the retailer also did not have a forecasting system in place during the
time of the interview. In CPFR, at least one organisation in the partnership is
required to have a forecasting system installed to generate the necessary sales
and order forecasts. On the other hand, manufacturers M-B and M-C could scale
up the CPFR process because they have forecasting systems in place in their
own companies that are able to generate promotional sales forecasts from
information provided to them by the retailer. In another example, R-A and M-B
had to upgrade their existing EDI capabilities in a separate project to share
electronic versions of order information with each other.

Changing Existing Structures to Support Routine Cross-Organisational
Interactions

The process synchronisation described above has implications for existing
organisational structures and the structures between organisations. Where
traditionally organisations tended to interact only on a transactional basis, CPFR
requires extensive routine interactions between teams of people working on
processes that span organisational boundaries. This means that organisations
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need to find new ways of dividing work that occurs beyond traditional functional
and organisational boundaries. Retailers and suppliers might need to shift
resources that are focused on functional alignments to process-driven roles
(VICS, 1998). This is because the focus on activities has changed from “reactive
expediting” or problem solving to one oriented towards synchronised planning.
Potential impacts of this are that: the distribution and customer service staff may
need to be moved into demand and supply planning roles; forecast analysts may
have to shift from marketing to customer-specific support; and merchandising,
marketing, and sales staff roles will focus more on consumer-oriented micro-
marketing and micro-merchandising (VICS, 1998). Therefore, existing roles
might be altered and new roles might need to be created to support new areas
of responsibility.
For example, the need to align trading partner goals and medium-term strategies
is a routine responsibility in the CPFR vision. In order to address and manage
ongoing issues of establishing trust and interdependent processes in a tradition-
ally competitive grocery industry environment, the importance of boundary-
spanning, executive-level roles that are positioned to manage the relationship
between their parent organisations with a specific customer has been recognised
in many adopting organisations. In our case studies, some of supply chain
managers interviewed had their roles created literally less than three months, and
some less than a year, prior to the interview. Their new roles, which are focused
predominantly on customer supply chain management and development, were
created as part of a restructuring exercise in their organisations to become more
“customer facing.” Their objectives are to represent their parent organization, to
maintain a communication channel between their organisation and the customer
organisation for which they are accountable, and to identify new ways to work
together with the customer to improve customer service levels. This includes
finding ways to facilitate integration of trading partner processes with their own
company. These executives also normally manage a team of people that is
routinely involved at the tactical and operational levels as the interface between
customer and suppliers. Roles such as supply chain analysts and co-managed
inventory (CMI) personnel are involved daily in the development of sales
forecasts and order forecasts with the merchandising team at the retailer.
Organisations who do not have these appropriate boundary-spanning resources
at the tactical and operational levels to support the level of routine analysis and
interaction necessary, as in the case of manufacturer M-C and M-F, were found
to face some barriers in adopting CPFR.
Generally in CPFR, in the retail environment, supply/demand decisions may
involve a team composed of a merchandise or category manager working with
inventory management, store operations, and logistics. In the supply environ-
ment, this responsibility may fall on a team that includes customer service, sales,
marketing, distribution, and production. Also, IT teams from both organisations
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may have to be involved in managing the information technology integration
activities and to work with the other process teams to interface interorganisational
systems. The success of CPFR depends on the accountability of individuals or
teams within these roles and their capabilities to make and carry out customer-
specific decisions in a dynamic environment (VICS, 1998).
The new roles and responsibilities also have implications for staffing. Staff in
these positions must have a broad understanding of supply chain functions
embedded in their interorganisational CPFR process. A lack of understanding
indicates the need for training or, alternatively, hiring staff with the appropriate
knowledge of supply and demand processes.

Building Closer, More Intimate Trading Partner Relationships

The level of synchronisation and interactivity in the CPFR vision, as described
in the earlier paragraphs, cannot be achieved and sustained in an adversarial
relationship environment. The CPFR processes require trading partners to share
and exchange sensitive business information and resources and commit willingly
to work together in reengineering existing business activities towards reducing
total supply chain costs and, ultimately, improving consumer satisfaction at the
stores. This has implications for the way companies perceive their role in relation
to their customers and suppliers along a supply chain. CPFR requires a shift in
corporate and supply chain focus from market area-specific planning to cus-
tomer-specific planning. A shift in perspective from “win-lose” attitudes and
interactions to a “win-win” mentality is necessary to achieve optimal supply
chain performance and foster the necessary environment for interorganisational
synchronisation. In the CPFR approach, companies have to look across supply
chain processes to see where their information or competencies can help the
value chain and thus benefit the end consumer and associated supply chain
partners. This outlook acknowledges that nobody wins until the consumer is
satisfied (VICS, 1998).
However, such attitudes can only be fostered if there is sufficient trust and belief
among trading partners that the other(s) also shares a similar value system that
is based on trust and sustained commitment to equitably share any risks and
returns on supply chain improvement activities in the long run. This deep
understanding and alignment of trading partner business “mindset” requires
organisations to openly engage and frequently communicate with their trading
partners. In our case studies, all of the manufacturers we interviewed have been
invited to participate in the retailer’s long-term planning activities. However, only
M-B and M-C have actively engaged with the retailer to initiate and implement
a pilot project to trial CPFR manually. Other manufacturers have engaged the
retailer in earlier initiatives to foster greater collaboration between their
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organisations. Several manufacturers who have placed CMI personnel in the
retailer organisation, as described above, have done so to foster greater
interaction and collaboration through the tactical level with the retailer.

A Grounded Conceptual Model of IOSCM Adoption

As part of the selective coding process, where the aim was to explicate the
“story” from the data, the data was revisited to confirm that the themes we have
identified were indeed the major categories and to examine how they are related
to each other. The outcome of this final step in the grounded analysis points to
a model consisting of an abstraction of the major categories, which are also called
constructs, and their causal relationships to each other (Strauss & Corbin, 1998).

Major Constructs

Three major constructs were identified: supply chain (SC) integration,
interorganisational structure, and relationship intimacy. SC integration is used to
describe the pattern of interdependence between the information systems,
policies, and activities of a given firm on those of another firm. Interorganisational
structure describes the pattern of interactivity between organisational units
required to support interdependent activities. According to Kumar and Van
Dissel (1996), “structure” in interorganisational relationships can be understood
as “the ways in which interorganisational work is divided among the partnering
organisations by assigning specific roles to them” (p. 284). Relationship intimacy
describes the pattern of mutuality in the relationships between participating
organisation. Extending the concept of intimacy, within psychology (Moss &
Schwebel, 1993), from between individuals to between organisations, intimacy
can be determined by the pattern of mutuality—or exchange/sharing—in busi-
ness understanding and commitment, and reciprocity in the exchange of informa-
tional and physical resources, risks, and rewards between participating
organisations.

Causal Relationships

It was also observed from our grounded analysis that these three major
constructs are interrelated. The pattern of interdependence required in integrat-
ing planning, forecasting, and replenishment systems, policies, and activities
across organisational boundaries requires an interorganisational structure to be
formulated that takes into account the pattern of interactivity among the various
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functions in the retailer organisation and in the manufacturer organisations. Such
structures are necessary to sustain the routine collaboration necessary in the
development of joint promotional plans and sales forecasts. The pattern of
interdependence and interactivity in the CPFR processes requires organisations
to alter their perception of the role they play in the larger context of their supply
chain. As described above, a business attitude that is focused on mutuality and
reciprocity is necessary to facilitate the sharing of information and complemen-
tary resources in sustaining the routine interactions and to reduce risks of
potential opportunistic behaviour that might be associated with the level of
interdependence envisioned. The figure below illustrates the major constructs
and their causal relationships in our conceptual model of IOSCM initiatives
adoption.
In summary, the model depicts three interrelated primary requirements in
IOSCM initiatives adoption: relational intimacy, interorganisational structure,
and supply chain integration. These requirements interrelate to suggest a basic
process of IOSCM initiatives adoption. The model proposes that relationship
intimacy facilitates the necessary interorganisational structures that have to be
in place to enable the nature of supply chain integration envisioned in particular
IOSCM initiatives. The final relationship in the model between SC integration
and relationship intimacy suggests that the process of adoption does not end
when integration efforts are achieved. This causal relationship proposes that the
outcome of SC integration activities might serve to build greater relationship
intimacy between existing partners due to the learning that is inherently
embedded in the processes to becoming more integrated with another, for
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Figure 1. Conceptual model of IOSCM initiatives adoption
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example, the learning that takes place in having to understand a partner’s
business processes during a process-mapping exercise.
The resulting circularity of the causal links discovered from the case study has
interesting implications. It suggests that the completion of one cycle of the
process prepares the partnership for future integration activities that might be
more complex and more ambitious. On the other hand, this implies that one cycle
has to be completed before the next cycle can happen. This, as we shall argue
in the next section, can prove to be a much more difficult task than previously
identified in the literature. We use the conceptual model established here as a
basis for developing a theory to explain the difficulties organisations face in
adopting increasingly complex IOSCM initiatives.

Developing a Process Model
of IOSCM Initiatives Adoption

It has been argued within the innovations literature that to develop realistic
theories of adoption, it is necessary to differentiate between types of innovations
because not all innovations are alike and it is important to understand how
underlying characteristics and requirements can influence their adoption
(Damanpour, 1987). We find that the different types of interorganisational
supply chain management initiatives that have been identified within the litera-
ture tend to have increasing demands in the way organisations integrate with
each other (Brockman & Morgan, 1999; Ham, Johnston, & Riemer, 2003).
Based on the understanding acquired in our grounded conceptual model, this
implies that increasing demands on interorganisational structures and relation-
ship intimacy could potentially be elicited as well. Therefore, in this section, we
develop further the implication of the circular causality in the grounded concep-
tual model that was derived from the case studies by providing dimensions for
each of the constructs in the grounded model. In terms of grounded theory
development, these dimensions gives specification to the major constructs and
provide the necessary range and variation to the theory being developed here
(Strauss & Corbin, 1998). However, the dimensions established for each
construct and the dependencies between dimensions of different constructs
have been mainly derived from analysis of the supply chain management and IOS
adoption literature and deductive arguments, based on our conceptual model.
Armed with an understanding of the properties of major constructs, their
dimensions, and their causal relationships, we conclude this section by proposing
a process model of adoption that illustrates a path of increasing sophistication in
IOSCM initiatives adoption.
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Supply Chain Integration:
Patterns and Degrees of Interdependence

As defined in the previous section, SC integration is used to describe the pattern
of interdependence between the information systems, policies, and activities of
a given firm on those of another firm. We propose that four different degrees of
interdependence can be used to define and distinguish different underlying
visions of integration in IOSCM initiatives. The degree of interdependence
ranges from integrated systems to integrated distribution, integrated busi-
ness planning, and integrated business development. IOSCM initiatives with
underlying visions of integrated business development are the most difficult to
achieve because this level of integration assumes the highest degree of
interorganisational interdependence, including interdependence at the level of
integrated systems, integrated distribution, and integrated business planning, to
achieve full potential benefits. Table 2 describes the patterns of interdependence
for each level of supply chain integration. The degree of interdependence
increases from left to right.

Integrated Systems

Graham and Hardaker (2000) point out that one of the key mechanisms to
facilitate supply chain integration is dynamic information. They emphasise that
information flows affect an organisation’s ability to synchronise operations that

Integrated 
Systems 

Integrated  
Distribution 

Integrated Business 
Planning 

Integrated Business 
Development 

Standardisation of 
communication 

protocols between 
computer-based 

information systems 
across organisations 

 

Standardisation of 
materials handling 

procedures and 
synchronisation of 

distribution policies 
and processes across 

organisations 

Standardisation and 
synchronisation of 

short to medium term 
planning activities, 

including promotions 
forecasting, across 

organisations 

Standardisation and 
synchronisation of 

medium to long term 
planning and business 

development 
activities, including 
product design and 

development, across 
organisations 

Table 2. Different patterns and degrees of interdependence
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add value and innovativeness. To facilitate the flow of dynamic information
across organisational boundaries, organisations must first be able to communi-
cate data that is machine-processable at both ends. The vision of integrated
systems involves the standardisation of data and communication protocols
between computer-based information systems. Some examples of initiatives that
introduce the concept of integrated systems include electronic data interchange
(EDI) (Fearon & Philip, 1999), universal product numbering, EAN barcoding,
and automatic identification (Johnston, 1999). More recent examples of
interorganisational information systems, such as data synchronisation hubs,
collaboration hubs (Sparks & Wagner, 2003), and electronic marketplaces, are
also included here.

Integrated Distribution

The ability to efficiently replenish to meet consumer demands is an important
strategy to ensure the right goods can be delivered at the right time to the right
places in the right quantities (ECR, 1995). Initiatives that envision the integration
of distribution activities focus on improving coordination in the flow of materials
from upstream to downstream through the standardisation and synchronisation
of materials handling procedures and distribution policies and processes across
organisations. Such activities require the integration of inventory replenishment
information systems with the distribution and logistics information systems. The
outcomes of such integration reduce costs associated with product handling and
non-value adding processes along the supply chain. Some examples of initiatives
that envision the integration of materials handling and logistics operations include
just-in-time delivery and those parts of ECR that focus on streamlining distribu-
tion processes such as continuous replenishment (ECR, 1995), including cross-
docking and direct-store-delivery.

Integrated Business Planning

Typically, replenishment activities are complicated by changing patterns of
consumer demands, promotional marketing activities, and certain strategic
buying practices, such as the practice of forward buying (Kurnia & Johnston,
2000a). These initiatives require organisations to integrate previously disparate
and disconnected materials planning, forecasting, and replenishment cycles
between organisations into a single, unified, replenishment loop that, ideally,
extends the whole supply chain from raw material supplier to point of sale (KSA,
1993; VICS, 1998). By standardising and synchronising the way organisations
and their trading partners coordinate short- to medium-term planning and
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forecasting activities for replenishment, it is possible to reduce the need to hold
high levels of buffer stock to cope with demand and supply uncertainties. This
process is facilitated by interorganisational systems that enable the sharing and
processing of real-time information (e.g., consumer demand at the point of sale)
between trading partners so that a jointly developed demand plan and order
forecast can be communicated to the appropriate integrated replenishment,
distribution, and production systems (McCarthy & Golicic, 2002; Raghunathan,
1999; VICS, 1998). This improves the overall effectiveness of short- to medium-
term business activities such as product promotions and new product introduc-
tions. Examples of initiatives that envision integration of business planning
activities include collaborative planning, forecasting, and replenishment (CPFR).
Earlier less advanced initiatives include vendor managed inventory (VMI)
(Kurnia & Johnston, 2000b) and joint or co-managed inventory (JMI) (VICS,
1998).

Integrated Business Development

Integration at the business development level aims to create a sustainable
advantage by leveraging the unique perspectives and intelligence that retailer
and manufacturer organisations have of the marketplace to respond to emerging
consumer demands and competitive pressures. These initiatives envision trading
partners integrating medium- to long-term business planning and product devel-
opment systems, policies, and processes to facilitate joint research and design,
production, marketing, and distribution of whole new categories of products
(ECR-Europe, 1997; Parker, 2000). Interorganisational systems that facilitate
interactive joint planning and product development activities are necessary.
Also, these systems have to be integrated with the materials planning, forecast-
ing, and distribution systems and activities to streamline the sourcing, production,
and replenishment of new products. Some visible examples of integrated
business development activities include the integrated design and development
of new products, such as those in the textile, automotive, aerospace, and, to some
extent, in the grocery industries (ECR-Europe, 1997).

Interorganisational Structures:
Patterns and Degrees of Interactivity

As defined in the previous section, interorganisational (IO) structure describes
the pattern of interactivity (i.e., the way work is divided and performed between
organisational units) required to support envisioned integrated activities on a
routine basis. We propose that different degrees of interdependence require
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different degrees of interorganisational interactivity ranging from between
infrastructure to between operations, tactical, and strategic organisational
subsystems. Building from the previous section, integrated business develop-
ment activities would require the highest degrees of interactivity such that the
strategic, tactical, operations, and the infrastructure subsystems of partnering
organisations are envisioned to be interacting on a routine basis. Table 3
summarises the different functions within the organisational subsystems that
form the basis of interorganisational structures necessary to support routine
interdependent activities.

Integrated Information Systems: Infrastructural Interactivity

The routine maintenance of integrated information systems across organisational
boundaries is predominantly the responsibility of the infrastructure organisational
subsystem. Therefore, resources and services of a team of IT personnel,
potentially belonging to a team that includes members from participating
organisations, are required to maintain the routine upgrading of appropriate
messaging standards, transportation protocols, security protocols, controls, and
interfaces between business applications to allow the output and input of
messages in conformity with the chosen standard (Cannon, 1993). Although
existing workflows are not necessarily impacted, data entry and processing roles
have to now support the new standardised approach to constructing a sales or
purchase order using the adopted data and form standards, such as in the case
of EDI (Brousseau, 1994).

Infrastructure Operations Tactical Strategic 
IT function, Sales 

order entry function, 
Purchase order entry 

function 
 

Despatch and 
receiving functions 
at warehouses and 

distribution centres, 
distribution and 

logistics functions 

Materials planning 
functions, 

Promotions planning 
function, Order and 

sales forecasting 
functions, 

replenishment 
functions 

Strategic business 
development and 

planning functions, 
Product development 

function 

 

Table 3. Subsystem functions that form the basis for inter-organisational
structures
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Integrated Distribution Activities: Operations Interactivity

Integration of distribution activities has routine implications for the operations
organisational subsystem, which includes distribution and logistics functions. A
streamlined distribution and logistics process requires partnering organisations to
coordinate routine interactions between the logistics functions at the factories,
warehouses, distribution centres, and stores, to dispatch, receive, and sort
smaller batches of goods (for example, in the case of Continuous Replenishment
Program [Kurnia & Johnston, 2000b]) that have standardised identification
labels, such as EAN or UPC barcodes, and that are packed in standardised
shipping containers, pallets or cases, depending on agrees upon specifications
(ECR-C, 1995). The routine interactivity across the infrastructure levels is also
required to maintain, upgrade, and monitor the ongoing quality of interfaces
between the inventory, replenishment, and distribution systems, across
organisational boundaries and with other internal organisational systems.

Integrated Business Planning Activities: Tactical Interactivity

A shift from traditionally isolated decision-making structures in planning, fore-
casting, and replenishment to one that is much more inclusive and interactive with
trading partners is part of integrating business planning activities. On a routine
basis, extensive interactivity is required between the tactical subsystems of
organisations, including materials planning functions, promotions planning func-
tion, order and sales forecasting functions, and the replenishment function across
partnering organisations. New roles might be necessary to support boundary-
spanning activities that were never required previously. For example, in our
CPFR case studies, some manufacturers have co-managed inventory (CMI)
personnel spending several days within the retailer organisation and several days
back at their parent organisation. Their main role is to manage inventory for that
particular retail account and involves interacting with the buyers and re-buyers
in the merchandising department at the retailer to collaborate on a promotional
sales forecast, monitor changes in promotional activities, and to create an order
forecast based on the agreed-upon sales forecast. Such roles are also relation-
ship-building roles that encourage increased interactivity across higher levels of
the organisations.

Integrated Business Development Activities: Strategic Interactivity

Initiatives envisioning the integration of business development activities along
the supply chain require partnering organisations to routinely interact to maintain
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alignment in corporate mindsets and strategic objectives, and to ensure continued
involvement in the business and product development planning processes. To
achieve the former, that is, aligning corporate mindsets, it is critical to establish
patterns of interactivity that aim to build and develop closer interorganisational
relationships between supply chain partners everyday (Hutt, Stafford, Walker,
& Reingen, 2000; Volkoff, Chan, & Newson, 1999). For example, as described
in our case studies earlier, executive-level roles such as supply chain managers
and customer development managers have been developed in various manufac-
turers to act as communication conduits between the retailer and their parent
organisations. As they are normally engaged in long-term business planning
activities with the retailer, managers in these roles relay strategic-level informa-
tion between the trading partners, and are also responsible for engaging with the
retailer in finding new ways to improve customer-service levels and new growth
opportunities. Such roles lay the foundation for other routine activities at the
strategic subsystems of the organisations, such as joint product design and
development. In joint product design and development, routine interactivity is
required between the strategic business planning functions and the product
research, design, and development functions, across organisations. Other lower
level organisational subsystems are also involved to operationalise the strategic
and tactical plans developed. Extensive degrees of interactivity between partnering
organisations allows these organisations to virtually operate as a single entity in
making decisions and planning strategic moves.

Relationship Intimacy: Patterns and Degrees of
Mutuality

As defined above, relationship intimacy describes the pattern of mutuality in
interorganisational relationships. Intimacy generally indicates the level of close-
ness between organisations and can be determined by the level of shared
business understanding, the extent of commitment (short-term or long-term), and
the reciprocity in the exchange of informational and physical resources, risks,
and rewards between participating organisations (Granovetter, 1973; Hausman,
2001; Moss & Schwebel, 1993). The significance of varying extents of relation-
ship intimacy in different types of interorganisational relationships have been
recognised within the business literature (Golicic, Foggin, & Mentzer, 2003;
Himmelman, 2001; Lambert, Emmelhainz, & Gardner, 1996). These authors
argue that variations in relationship magnitude—or intimacy—needs to be
recognised as a distinct component of relationship structure and is antecedent to
the type of relationship organisations pursue. Thus, adapting the terminologies
and definitions suggested by Himmelman (1996), we propose that four degrees
of mutuality ranging from networking to coordination, cooperation, and
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collaboration can be used to describe the sort of relationship intimacy required
to facilitate the kind of interactivity and interdependence envisioned in various
IOSCM initiatives. Again, building from previous sections, the degree of
interdependence and interactivity at the level of integrated business development
would require organisations to engage in highly mutual collaborative relation-
ships, which subsume other patterns of mutuality. Table 4 summarises the
descriptions of the different patterns and degrees of mutuality.
Networking is defined as exchanging information for mutual benefit; it does not
require much ongoing commitment, reciprocity, or shared business understand-
ing between organisations. There is little to no change in organisational struc-
tures, policies, or processes required at this degree of mutuality. Such a degree
of mutuality is necessary to facilitate the minimal interorganisational structures
required to support the low degrees of interdependence envisioned in integrating
information systems across organisational boundaries (Holmes & Srivastava,
1999).
Coordination is defined as exchanging information for mutual benefit and altering
activities for a common purpose; it requires some ongoing commitment, some
reciprocity in sharing and exchanging information, but requires limited shared
business understanding across organisations. There are some changes in
organisational structures, policies, and processes that might be required to
achieve some common objectives. Such a degree of mutuality is necessary to
facilitate the extent of interorganisational structures required to support the
medium degrees of interdependence envisioned in integrating distribution activi-
ties.

Networking Coordination Cooperation Collaboration 
Exchanging 

information for 
mutual benefit 

Exchanging 
information for 

mutual benefit and 
altering activities for 
a common purpose 

Exchanging 
information, altering 

activities, and 
sharing resources for 
mutual benefit and to 

achieve a common 
purpose 

Exchanging 
information, altering 

activities, sharing 
resources, and a 
willingness to 

enhance the capacity 
of another for mutual 

benefit and a 
common purpose 

 

Table 4. Different patterns and degrees of mutuality
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Table 5. Varying requirements of different IOSCM initiatives
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Cooperation is defined as exchanging information, altering activities, and sharing
resources for mutual benefit and a common purpose; it requires significant
amounts of ongoing commitment, high levels of reciprocity, and significant
sharing of business understanding between organisations. There is the potential
for quite significant levels of changes to organisational structure, policies, and
processes required to achieve the expanded benefits of mutual action. Such a
degree of mutuality is necessary to facilitate the significant extent of
interorganisational structures required to support the high degrees of interdepen-
dence envisioned in integrating business planning activities.
Collaboration is defined as exchanging information, altering activities, sharing
resources, and a willingness to enhance the capacity of another for mutual
benefit and a common purpose; it requires the most considerable amount of
ongoing commitment, high levels of reciprocity, and extensive sharing of
business between organisations. By transforming existing organisational struc-
tures, policies, and processes to align with those of another organisation,
collaboration can produce significant benefits from mutual action and virtual
integration. Such degrees of mutuality are necessary to facilitate the extensive
interorganisational structures required to support the very high degree of
interdependence envisioned in integrating business development activities.

Increasing Levels of Complexity in IOSCM Initiatives

Thus far in the chapter, we have identified dimensions for each construct and
argued that different patterns of interorganisational interdependence require
different supporting patterns of interactivity, which, in turn, require different
supporting patterns of mutuality. Some evidence was provided from the strategic
management, SCM, and IOS adoption bodies of literature, and from our case
study data to support this major proposition.
In summary, we can deduce from the arguments above that different IOSCM
initiatives vary in complexity because different visions of interdependence
require different degrees of interactivity, which, in turn, requires different
degrees of mutuality. Additionally, it should also be noted that the degrees of
interdependence, interactivity, and mutuality form Guttman-type scales of
cumulatively increasing complexity (Kumar & Van Dissel, 1996; Gulati &
Gargiulo, 1999). In other words, integration of business development activities
subsumes integration of systems, integration of distribution activities, and
integration of business planning activities. This is similar for interorganisational
structures, where strategic interactivity subsumes patterns of interactivity
across infrastructure, operations, and tactical subsystems. Finally, with relation-
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ship intimacy, a collaboration relationship subsumes the patterns of mutuality that
exists in networking, coordination, and cooperation relationships.
Therefore, we can also infer that highly integrative IOSCM initiatives, which
envision extensive interorganisational interdependence, are much more complex
and difficult to adopt because of the need for more extensive interorganisational
structures and higher degrees of relationship intimacy to achieve and sustain the
level of supply chain integration envisioned. Table 2 shows how different
IOSCM initiatives require, in a cumulative fashion, the different patterns of
interdependence, interactivity and intimacy. The variation in complexity between
IOSCM initiatives with low levels of integration to high levels of integration can
be observed. Based on these arguments, the next section proposes a process
model of IOSCM initiatives adoption.

A Process Model of IOSCM Initiatives Adoption

In the previous sections, we have presented a conceptual model of three sets of
requirements in adopting IOSCM initiatives—supply chain integration, inter-
organisational structures and relationship intimacy—that are dependent on each
other in a circular causality, where each facilitates and enables the other in a
cyclic fashion. We then argued that each construct has dimensions, and these
provide a more detailed understanding about how different IOSCM initiatives
have inherently different sets of requirements that potentially differentiate them
in terms of adoption complexity. Hence, if one cycle around our conceptual
model prepares organisations to adopt a particular degree of supply chain
integration, then to get to higher degrees, organisations would have to go around
a few times to build the necessary levels of intimacy and interorganisational
structures to support higher degrees of interdependence. This implies that there
is essentially a cyclic path to achieving greater levels of supply chain integration,
which further implies that a path also exists in the adoption of IOSCM initiatives
with increasingly more integrative vision.
Figure 2 presents a process model that illustrates the cyclic path to accomplishing
greater levels of relationship intimacy (R), interorganisational structures (O),
and SC integration (I). R-1 to R-4 represent increasing degrees of mutuality from
networking to coordination, cooperation, and collaboration. O-1 to O-4 represent
the degrees of interorganisational interactivity from infrastructure, operations,
tactical to strategic. I-1 to I-4 represent the degrees of supply chain integration
envisioned from integrated systems to integrated replenishment, integrated
planning, and integrated business development.



218   Ham & Johnston

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

The process model in Figure 2 proposes that to achieve higher levels of
integration, organisations and their trading partners must first achieve lower
levels of integration. Through a process of learning and adaptation that is
inherent in integration activities with another organisation (Doz, 1996; Holmqvist,
1999; Majchrzak, Rice, Malhotra, King, & Ba, 2000), groups of organisations can
leverage established patterns of interdependence, interorganisational structures,
and relationship intimacy in earlier integration activities to progress to the next
level of integration (Li & Williams, 1999). However, as we move along the path,
the complexity of each cycle increases due to increasingly demanding process
requirements, which mean more demanding technological and physical infra-
structures, and it becomes more difficult to complete.

Conclusion

The understanding of interorganisational innovation adoption as an emergent
process has gained importance over the years. As the nature of business practice
becomes ever more interorganisational, studies focusing on understanding how
organisations jointly adopt a range of strategies and innovations to develop

Figure 2. Process model of IOSCM initiatives adoption
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closer, more interdependent relationships with other organisations to gain
complementary resources and achieve benefits from mutual action are in limited
supply. Also, current research on interorganisational innovation adoption gener-
ally perceives innovation to be a static end-state and its adoption follows a simple
linear path. There is little emphasis on understanding the context and emerging
nature of change that can occur in innovations and in adopting these innovations
over time. Such studies require the researchers to move away from quantitative,
factor-based approaches to embrace a more qualitative and longitudinal, pro-
cess-based perspective on innovation adoption and relationship development.
Therefore, one of the main contributions of this chapter is the reporting of the first
longitudinal case study of CPFR adoption within an Australian grocery industry
context. Another contribution is the application of an adapted grounded theory
method of analysis to build a process model of IOSCM initiatives adoption. The
model developed here highlights three sets of requirements—supply chain
integration, interorganisational structures, and relationship intimacy—and their
circular causal relationships to each other. We also argue that different degrees
of integration are necessary for different IOSCM initiatives, with demands for
interdependence, interactivity, and mutuality increasing cumulatively in IOSCM
initiatives envisioning higher levels of integration. We then argue theoretically
that there is essentially a necessary path in the progression towards adopting
initiatives that are increasingly more integrative and complex. The need to tread
this path explains why so few companies have progressed to the highest levels
of integration.
Our theory of path dependence in the adoption of IOSCM initiatives has
important implications for supply chain management practice. The path has
implications for a planned incremental change approach to supply chain
reengineering. Organisations that have jumped straight into the deep end of
implementing highly integrative initiatives without the necessary foundation for
a collaborative relationship, including the necessary interorganisational structure
and integration strategy, will find themselves at risk of failure or face difficulties
and delays in adoption and implementation. The model can be used as a
conceptual tool to assess the current interorganisational situation and to help
organisations and their trading partners plan out a possible path towards
achieving greater supply chain integration.
Furthermore, the process model presented in this chapter is an important
contribution to contemporary research on supply chain management because it
is the first model to expand the temporal horizon of analysis to consider the
process of progressing from one level of supply chain integration to the next.
While previous models have only focused on understanding complexities of
adopting one innovation at a particular snapshot of time, our model draws on the
experiences of adoption studies across multiple related innovations to elicit the
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dynamics of supply chain integration over time. We bring together knowledge
from multiple disciplines, including theories from sociology, psychology, behavioural
studies, relationship marketing, strategic alliance management, supply chain
management, and interorganisational systems adoption, to gain a rich under-
standing of both the technical and the deeply social aspects of supply chain
integration.
There are, however, some limitations to this study. Although the grounded
conceptual model developed is relatively abstracted and could potentially be
generalisable across other industry contexts, the path model is slightly less
generalisable due to the amount of industry-specific detail that it carries.
However, it is not impossible to customise each of the main constructs in the
conceptual model with industry-specific information to develop industry-specific
IOSCM initiative adoption path models. We find that the model in this chapter is
generally suitable for customer-supplier type relationships within manufacturing
environments, for example, the auto industry and textile industry where the main
components of supply chain management share similar traits and requirements
for joint systems, distribution, planning, and business development. Therefore,
this study encourages further research to apply the process understanding it
established to study the development and adoption of interorganisational innova-
tions in other industry contexts, for example, in the service industry or pharma-
ceutical industry, in order to evaluate, refine, and generalise further the theoreti-
cal arguments presented in this study.
In conclusion, the process model illustrates just how difficult it would be to try
to take the fast path from an arm’s length to a highly integrative relationship. The
model emphasises that there are no shortcuts in developing an environment of
trust and mutuality across organisational boundaries. The reality of the process
of achieving true collaboration and virtual integration is that it requires time,
cumulative learning, and long-term commitment.
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Chapter IX

Factors Affecting
Inter-Organisational

Information
Management Systems
Used to Coordinate

Australian Food
Processor Chains

Christine Storer, Curtin University of Technology, Australia

Abstract

It is agreed that good communication systems between organisations
increase customer satisfaction and relationship behaviour and are important
issues in chain collaboration and competition. However, less is known
about the details of how information is used to manage relationships and
coordinate customers and suppliers in chains. In earlier stages of the
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research, a dynamic model of interorganisational information management
systems (IOIMS) and relationships was developed. This chapter presents an
evaluation of this model based on a survey of Australian food processors
and a green life industry case study and an evaluation of a revised version
of this model. It was found that a strategic-oriented IOIMS were positively
associated with IOIMS satisfaction that was, in turn, positively associated
with perceived current outcomes (satisfaction with performance, perceived
responsiveness, and strength of relationship trust). However, (attitudinal)
commitment to develop long-term customer/supplier relationships was not
significantly associated with the IOIMS, IOIMS satisfaction, or current
outcomes. Results were moderated by the nature of the business
environment—power/dependency, experience, and market uncertainty.
These findings are discussed along with implications for management and
suggestions for future research.

Introduction

There is support for the idea that suppliers’ efforts to assist communication
increases customer satisfaction, which, in turn, improves competitive advantage
(Anderson & Narus, 1990; Keith, Jackson, & Crosby, 1990; Leuthesser & Kohli,
1995; Mohr, Fisher, & Nevin, 1996; Mohr & Nevin, 1990; Mohr & Sohi, 1995;
Uzzi, 1997). However, very little research has been conducted on how informa-
tion is exchanged through chains of collaborating organisations to achieve this
(chain—a vertical sequence of at least three organisations, that is, focal firm, a
customer, and a supplier). Of interest were studies that detailed how, when, and
why information was exchanged to manage customers and suppliers and to
increase competitive advantage. The empirical studies found that quantitatively
collected data from chains of organisations did not look in detail at how
information systems worked (Clare, Shadbolt, & Reid, 2002; Hardman, Darroch,
& Ortmann, 2002; Lehtinen & Torkko, 2004; Matanda & Schroder, 2002;
Spekman, Kamauff, & Myhr, 1998). Most published chain research has been
based on case studies where generalisation of results can be problematic (e.g.,
Champion & Fearne, 2002; Chatfield & Bjorn-Andersen, 1997; Kola, Latvala, &
Vertanen, 2002; Kornieliussen & Grønhaug, 2003; Lefebve, Cassivi, Lefebve,
Léger, & Hadaya, 2003; Lindgreen, Trienekens, & Vellinga, 2004; Pratt, 2002;
Simons, Francis, Bourlakis, & Fearne, 2003; Trienekens, 1999; Van der Vorst,
2000; Van Dorp, 2004). Even in the more substantial research into two
organisations in a dyad (e.g., focal firm and customer), none were found that
looked at information systems used to manage the relationship (e.g., Anderson
& Weitz, 1992; Anderson & Narus, 1990; Clare et al., 2002; Claro, Zylbersztajn,
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& Omta, 2004; Ellram, 1995; Forker, Ruch, & Hershauer, 1999; Ganesan, 1994;
Heather, 2001; Karalis & Vlachos, 2004; Kornieliussen & Grønhaug, 2003;
Lindgreen, 2001; McDermott, Lovatt, & Koslow, 2004; Miller, 2002; Sethuraman,
Anderson, & Narus, 1988; Sparling & van Duren, 2002; Sweeney & Webb, 2002;
Vlosky, Wilson, & Vlosky, 1997; Wilson & Vlosky, 1998). Some of these dyadic
studies looked at the effect of implementing information communication tech-
nologies (Amanor-Boadu, Trienekens, & Willems, 2002; Wilson & Vlosky,
1998), obtaining information from buyers and suppliers (Claro et al., 2004), and
information exchanged with buyers and sellers (Heather, 2001; Langton, 2004;
Wilson, 2000). More dyadic studies were found that empirically evaluated
associations between communication or information exchange and some of the
factors that affect them, as indicated qualitatively in the chain studies. For
example, the association with outcomes (Anderson & Narus, 1990), commitment
(Anderson & Weitz, 1992), collaboration (Karalis & Vlachos, 2004; Siemieniuch,
Waddell, & Sinclair, 1999), flexibility and joint action (Claro et al., 2004), trust,
and dependence (Ganesan, 1994). Other dyadic studies looked more generally
at the role of information and communication as a partnership success factor
(Ellram, 1995), reason for entering an alliance (Sparling & van Duren, 2002), or
a determinant of partnership advantage (Sethuraman et al., 1988).
In conclusion, there would seem to be a gap in the research on the role of
information systems to manage interorganisational relationships in chains of
organisations. This chapter presents a review of early phases of the research
where a model was developed to explain how managerial and executive
interorganisational information systems with customers and suppliers work.
Suggestions are made to revise the model. Then, a detailed examination of a
revised model is made to explain how the nature of interorganisational informa-
tion systems were associated with the type of the relationships with customers
and suppliers. In addition, the revised model was examined to look at the effect
of the business environment. The implications for management and further
research are explored.

Background Literature

Research Phase 1: Model Development

When the research was started in 1998, little research was found that explained
how managerial and executive interorganisational information systems with
customers and suppliers worked. As a result, a grounded theory approach was
taken in the first phase of the research using literature reviews, informal in-depth
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interviews with experts internationally, and a case study network of five
organisations involved in several Australian food chains (“netchain,” Lazzarini,
Chaddad, & Cook, 2001). In examining the vegetable, meat, and food netchains,
a proposed model of interorganisational information management systems
(IOIMS) was developed to explain how information was exchanged by
organisations in a chain to manage customers and suppliers and to build the
competitive advantage of the chain (Figure 1). The interorganizational informa-
tion management system (IOIMS) has been defined as the information ex-
changed by organizations in a chain for the purpose of managing the relationships
of the organisations in the chain. The IOIMS encompasses all aspects of the
process of information exchange including the information communication
technology tools used. While the IOIMS model has been described in more detail
previously (Storer, 2001), the following describes key aspects relevant to this
chapter.
In the model, it was suggested that (attitudinal) commitment to developing long-
term customer/supplier relationships (future expected outcomes) would be
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related to the nature of the interorganisational information management system
(IOIMS) adopted in the chain which, in turn, would be related to perceived
responsiveness, performance, and trust in the chain (current outcomes) (as
suggested by Benedict & Margeridis, 1999; Bowersox & Closs, 1996; Stank,
Emmelhainz, & Daugherty, 1996; Vijayasarathy & Robey, 1997).
Further, it was argued that the proposed associations in the model would be
moderated by environmental factors such as product and market uncertainty,
relationship dependency and power, and experience in the relationship and in the
industry (as suggested by Ancona & Caldwell, 1992; Bensaou, 1999; Spekman
et al., 1998).
To operationalise the model, the interorganisational information management
system (IOIMS) was examined by asking participants about the types of
information exchanged to manage the relationship (Mohr & Nevin, 1990).
Specifically, participants were asked whether information was exchanged about
performance feedback, problem resolution, new product developments, forecast
supply and demand, and opportunities and threats. Based on the netchain case
study, performance feedback was expanded to specifically cover product
quality, on-time delivery, completeness of orders, flexibility to change orders, and
invoice accuracy. For each type of information shared, details were sought
regarding: the frequency it was shared on average in a year (absolute fre-
quency) and adequacy of frequency, namely, was information exchanged as
often as necessary (relative frequency); communication media used (phone, e-
mail, EDI, etc.); the direction of flow (upstream, downstream, both directions);
the formality of the process; and the key people involved in the exchanges
(Anderson, Lodish, & Weitz, 1987; Bensaou & Venkatraman, 1995; Borgen &
Ohren, 1999; Choo, 1996; Daft & Lengel, 1986; Daft & Lengel, 1996; Dansereau
& Markham, 1987; Ellinger, Daugherty, & Plair, 1999; Farace, Monge, &
Russell, 1977; Huber & Daft, 1987; Mohr & Nevin, 1990). Perceived satisfac-
tion with the information system was measured in terms of accuracy, reliability,
and completeness; usefulness and relevancy; depth and range of content; and
being timely and up to date (O’Brien, 1999).
Expected future outcomes from the relationship were measured as attitudinal
commitment to develop long-term customer-supplier relationships (Ganesan,
1994; Gundlach, Achrol, & Mentzer, 1995; Sharma, Young, & Wilkinson, 2001).
Current outcomes from the relationship were measured as perceptions of the
customer/supplier’s performance, responsiveness and willingness to change,
and trustworthiness compared to others in the industry (Anderson et al., 1987;
Anderson, Håkansson, & Johanson, 1994; Bensaou & Venkatraman, 1995;
Doney & Cannon, 1997; Ganesan, 1994; Gassenheimer & Scandura, 1993;
Gundlach et al., 1995; Kohli, Jaworski, & Kumar, 1993; Kumar, Stern, & Achrol,
1992; Womack, Jones, & Roos, 1990).
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Moderating variables included uncertainty, dependency/power, and experience.
Uncertainty was measured as: predictability of demand, production yield,
quality, and quantity of supply; market competition; and changing consumer
preferences (Ganesan, 1994; Kumar et al., 1992). Relationship dependency and
power were measured as: availability of alternative customers and suppliers;
importance to each other; influence; and ease of replacement (Ganesan, 1994;
Kumar et al., 1992). Experience was measured in terms of the number of years
working in the industry and with the organisation (Doney & Cannon, 1997;
Ganesan, 1994).
To explore the dynamics of the interaction over time, the information satisfaction
and relationship outcome variables were measured in terms of the current
situation and how it had changed over the last five years. Comments were
recorded about respondent’s perceptions about the reasons for change. As a
result of explanations about reasons given for change, two additional questions
were added about perceptions of customers/suppliers initiating new ideas to
improve the category/business or improving the organisation’s knowledge of the
industry.

Research Phase 2: Model Testing & Revision

The model has been tested in earlier phases of the research on a case study of
nursery retail stores and wholesale nursery “green life” suppliers, as well as a
survey of Australian food processors (see Storer, 2003; Storer, Soutar, Trienekens,

G 0.52 a 
F 0.66 a 

G -0.44 a 
F  0.45 a 

G –0.07b 
F   0.04 b 

G  0.27 b 
F –0.09 a 

G   0.66 a 
F –0.09 b 

Future Outcomes 
(Commitment) IOIMS 

Environment 
(Power/Dependency, 

Uncertainty, 
Experience) 

Current Outcomes 
(Trust, Perform, 
Responsiveness) 

Structural Model Path Coefficients (a=significant; b=not significant) 

Figure 2. Comparison of Green Life case study (G) and Food Processor
survey (F)
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Beulens, & Quaddus, 2004). These studies support some aspects of the model.
The structural coefficient comparisons between the two studies have been
shown in Figure 2, with G indicating the green life case study results and F the
food processor survey results (a=significant, b=not significant).
Like the food processor survey, the green life case study found that the
environment had a significant influence on expected future outcomes and that the
IOIMS had a significant influence on perceived current outcomes. Both studies
found that expected future outcomes were not significantly associated with the
IOIMS. In addition, both studies found no significant (green life case study) or
meaningful (food processor survey—coefficient 0.09 < 0.20) association be-
tween the environment and perceived current outcomes.
There was a difference between the two studies. Unlike the food processor
survey, the green life case study found that the business environment had a
significant association with the IOIMS. The difference may be due to the green
life case study’s small sample size (64) or the way the environment and IOIMS
constructs were measured in each study.
In evaluating these results, it was concluded that the IOIMS construct was
measuring two separate constructs. The social IOIMS subsystem measured
satisfaction with the IOIMS and the technical IOIMS subsystem measured the
processes used to manage information exchange. It was proposed that the nature
of the technical IOIMS may be modelled as an antecedent to IOIMS satisfaction
(social). In addition, it was proposed that the model may better show the
moderating effects of the environment variables if the constructs were separated
(power/dependency, uncertainty, and experience). Finally, with the commitment
not being related to the IOIMS and current relationship outcomes (trust,
performance, and responsiveness) as hypothesised, it was proposed that com-
mitment results from the current relationship outcomes rather than being an
antecedent. For structural equation modelling purposes, the model with these
revisions has been shown in Figure 3.
The resulting hypotheses were that:

1. The technical IOIMS was positively related to IOIMS Satisfaction
2. IOIMS Satisfaction was positively related to Current Outcomes (perceived

trust, performance, and responsiveness)
3. Current Outcomes (perceived trust, performance, and responsiveness)

were positively related to Future Outcomes (attitudinal commitment)
4. The Environment (power/dependency, uncertainty, and experience) has a

moderating effect on the IOIMS, IOIMS Satisfaction, Current Outcomes
and Future Outcomes
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The purpose of this chapter is to test the revised model and provide insights into
factors affecting information systems used to coordinate customers and suppli-
ers in chains of organisations.

Methodology

This section outlines the methodology used to conduct the Australian food
processor survey that has been used to test the revised model. Support for the
research was received from a large Australian retail chain that provided
introductions to major food processors in a number of food processing industries.
A total of 45 food categories were covered and included dry, fresh, chilled, and
frozen food products based on meat, dairy, fruit, vegetable, and cereals in the
form of ingredients, as well as snacks, meals and drinks. Food processors varied
from large multinational and national organisations to smaller regional suppliers.
In-depth interviews of 111 Australian food processor purchasing managers,
sales/marketing managers, and general managers/owners in 42 companies were
conducted between April and December 2002. Where possible, interviews were
conducted face-to-face with phone interviews and self-completion used as a last
resort (e-mailed or faxed back). Interviewees were asked to discuss two
suppliers or two customers that were significant in terms of volume, value, or
strategic intent (Figure 4). Some interviewees answered questions for several
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Current Outcomes 
(Trust, Perform, 
Responsiveness)  

Future Outcomes 
(Commitment) 

Technical 
IOIMS  

 

Experience Uncertainty Dependence/Power  

Figure 3. Revised model of inter-organisational information management
systems in a chain context
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different product categories, for example, milk, cheese, and small goods.
Relationships with 176 suppliers and 297 customers were discussed in the
interviews.
Structural equation modelling (causal modelling) was used to test the revised
model (Figure 3) so that there could be an analysis of the model’s multiple
constructs and their multiple indicators at the same time (Al-Gahtanl, 2001).
Structural equation modelling allows the simultaneous assessment of the reliabil-
ity and validity of the measures of the theoretical constructs and an estimation
of the relationship among these constructs (Barclay, Higgins, & Thompson,
1995). As the model in this research was in the early stages of development there
was high complexity and low theoretical information. As a result, analysis using
partial least squares (PLS) graph was used instead of LISREL because LISREL
required a stronger theoretical base (Barclay et al., 1995; Igbaria, Guimaraes, &
Davis, 1995). PLS facilitates the testing of the psychometric properties of the
scales used to measure a variable and estimating the parameters of a structural
model—that is, the magnitude and direction of the relationships among the model
variables (Igbaria et al., 1995). PLS does not depend on having multivariate
normally distributed data (distribution free) and can be used with small samples
(Igbaria et al., 1995).
Following procedures set out by Barclay et al. (1995), Igbaria et al. (1995), and
Al-Gahtanl (2001), the model was analysed and interpreted in two stages: (1) the
assessment of the reliability and validity of the measurement model; and (2) the
assessment of the structural model. In stage one, the measurement model was
assessed by examining: (a) individual item reliability; (b) internal consistency;
and (c) discriminant validity. Individual item reliability was assessed by
examining the loadings, or simple correlations, of the measures with their
respective construct, which indicated the amount of variance in a measure due
to the construct rather than error. Using Hair, Anderson, Tatham, and Black’s

Supplier 1 Food Processor 
General Manager/CEO 

Purchasing Sales/Marketing 
 Supplier 2 

Customer 1 

Customer 2 

Figure 4. Customers and suppliers discussed by food processors
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(1998) guidelines, loadings greater than 0.30 were considered “significant”;
loadings greater than 0.40 were considered “more important”; and loadings 0.50
or greater were considered to be “very significant.”  Internal consistency was
assessed using the measure of reliability developed by Fornell and Larcker
(1981). Nunnally and Bernstein (1994) suggested that a value of 0.70 provides
“modest” reliability applicable in early stages of research. Discriminant validity
refers to the degree to which items differentiate between constructs or measure
different concepts. The average variance shared between a construct and its
measures (variance extracted or VE) should be greater than the variance shared
between the construct and other constructs in the model (i.e., the squared
correlation between two constructs). Another test of discriminant validity is that
no item should load more highly on another construct (cross loading) than it does
on the construct it intends to measure. Modest cross loadings (>0.50) may
provide doubt about what construct is being captured by such items (Barclay et
al., 1995). Following revision of the model based on the assessment of the
reliability and validity of the measurement model, the second stage of the analysis
was to assess the structural model. The structural model was assessed by
examining the statistical significance of the loadings and of the path coefficients
based on a jackknife analysis (which allows the testing of significance of
parameter estimates from data not assumed to be multivariate normal). Follow-
ing Chin (1998), standardized path coefficients should be at least 0.2 and ideally
greater than 0.3 in order to be considered meaningful.
Before the model could be tested using PLS, the non-metric variables needed to
be translated into metric scales where possible. Categorical “yes/no” responses
were given about the ten types of information exchanged (IOIMS subsystems)
and, for each of these ten subsystems, the formality, direction of information
flow, and communication media used (face-to-face and phone being the most
common). SIMCA correspondence analysis (Greenacre, 1986) was used to
identify if there were any patterns or structures in the sets of nominal IOIMS
variables. Correspondence analysis is an exploratory data analysis technique for
multivariate categorical data (Hoffman & Franke, 1986). It is a form of principal
component analysis (Soutar & McNeil, 1997). The correspondence analysis was
run using increasing numbers of dimensions until the “quality” for each variable
exceeded 500, thereby suggesting “the results obtained provide a good represen-
tation of that aspect of the data” (Soutar & McNeil, 1997, p. 34). A description
of each dimension was made based on the variables that had the highest
“absolute contributions” to that dimension.
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Correspondence
Analysis Results

The correspondence analysis of the type of information, one-way communica-
tion, and two-way communication resulted in no patterns, as there was insuffi-
cient variation in responses. This indicated that these categorical responses
could not be translated into metric scales, and these variables were not able to
be used in subsequent model testing. Correspondence analysis for face-to-face
IOIMS, phone IOIMS, and formal and informal IOIMS each resulted in four
dimension solutions to produce the highest quality scores. Each of these
dimensions was used in the model testing. A description of the dimensions—
based on the variables with the highest absolute contributions—follows.

Face-to-Face IOIMS

In looking at the face-to-face IOIMS dimensions, more face-to-face oriented
communication systems made up the second and fourth dimensions. The second
face-to-face dimension related to the more frequent “negotiations” of prices and
resolving problems. The fourth face-to-face dimension related to less frequent
“strategic” systems for product quality, new product development, and opportu-
nities and threats. The first face-to-face dimension was related to the more
frequently discussed “logistics” issues of timeliness of deliveries, order com-
pleteness, and flexibility to accept order changes where little face-to-face
communication was used. The third face-to-face dimension was related to less
frequently discussed invoice accuracy and forecast information systems where
less face-to-face communication was used.

Phone IOIMS

For the phone IOIMS, the first phone dimension was related to phone systems
used for “reliability” issues such as product quality, timeliness of deliveries,
invoice accuracy, and, to some extent, order completeness. The fourth phone
dimension was for phone “order reliability” systems to discuss the completeness
of orders and forecasts for future orders. The second and third phone dimensions
related to phone systems to develop the relationship. The second phone
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dimension related to “relationship depth” where the phone was used to discuss
the flexibility to accept order changes and negotiate prices, as well as future
opportunities and threats. The third phone dimension related to “relationship
future” where the phone was used to resolve problems, negotiate prices, and
discuss new product development.

Formal IOIMS

With the formal IOIMS, formal dimension one related to not having formal
systems for “current issues” such as resolving problems, product quality,
timeliness of deliveries, order completeness, and flexibility to accept order
changes. The second formal dimension was related to not having formal systems
for discussion of “future” oriented issues of new product development, opportu-
nities, and threats. The third formal dimension related to not having “formal
forecasting” communication systems. The fourth formal dimension related to not
having “formal price negotiation” communication systems.

Informal IOIMS

Informal dimension one related to not having informal systems for “tactical and
operational” communication of problems, order completeness, and invoice
accuracy. The second informal dimension related to not having “informal service
quality” systems to discuss timeliness of deliveries, flexibility to change orders,
and new product developments. The third informal dimension related to not
having “informal strategic operational” systems to discuss problems, product
quality, and forecasts. The fourth informal dimension related to not having
“informal price negotiation” systems.

Partial Least Squares Graph
(PLS) Analysis Results

The structural equation modelling program, partial least squares graph (PLS),
was used to test the revised model. First, the results of assessing the measure-
ment model have been presented, followed by the assessment of the structural
model.
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Measurement Model Assessment

In assessing the measurement model in terms of internal item reliability, all
perceptions of the IOIMS satisfaction, current and future relationship outcomes
construct variable loadings were over 0.5 and considered “very significant.”  The
results for the IOIMS and environment (dependency, uncertainty, and experi-
ence) constructs were varied with one dependency variable, two experience
variables, three uncertainty, and 31 IOIMS variables dropped with loadings of
less than 0.30. In the case of the technical IOIMS construct, all that remained
was a measure of “strategic” IOIMS where there were more face-to-face
negotiations and more people involved in exchanging information about fore-
casts, new product developments, opportunities, and threats. Therefore, the
technical IOIMS has been referred to as the “strategic IOIMS” in subsequent
discussion.
After the model had been revised with the exclusion of low-loading variables,
internal consistency of the constructs was assessed. The reliability of all
reflective constructs exceeded 0.70 (strategic IOIMS was a formative measure
so composite reliability was not applicable) and, therefore, they were considered
satisfactory (Table 1).
Initial assessment of discriminant validity was satisfactory, as all variables
loaded more strongly on their constructs than on other constructs. Of concern
was that several variables had modest cross loadings greater than 0.50 on other
constructs (IOIMS satisfaction and current relationship outcomes). However,
given that these variables had high loadings with their constructs, they were
retained in the model.

Construct 
Number of 
Variables 

Composite Reliability 
(reflective constructs) 

Power/Dependence  4 0.83 

Uncertainty  3 0.73 

Experience  3 0.81 

Technical ‘Strategic’ 
IOIMS 5 Not Applicable 

IOIMS Satisfaction  10 0.93 

Current Outcome  6 0.86 

Commitment  2 0.80 

 

Table 1. Construct internal consistency
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Finally, in terms of discriminant validity, all constructs had a variance extracted
(VE—variance shared between a construct and its measures) above the
suggested 0.50 criteria (Table 2) except for the uncertainty construct, which was
close at 0.48. However, all of the constructs had correlations less than the
squares of the construct average variance extracted (bold diagonal in Table 2).
In other words, the constructs correlated more highly with their indicator
variables than with other constructs in the model.
In summary, the constructs in the measurement model were assessed as being
adequate in terms of individual item reliability, internal consistency, and discrimi-
nant validity, although there might be discriminant validity problems with the
environment construct. The next step was to assess the structural model
propositions.

Structural Model Assessment

In analysing the structural model, Figure 5 shows the significant path
coefficients (labelled a) between the constructs and the multiple R2 below each
construct. The effect of the current relationship outcomes construct (trust,
performance, and responsiveness) on future relationship outcomes (commit-

 Correlations Between Constructs * 

Construct 

Variance 
Explained 

(VE) 
Power/ 
Depend Uncert. Exper. 

Strategic 
IOIMS 

IOIMS 
Satis 

Current 
Outcome Commit. 

Dependence  0.55 0.74       

Uncertainty  0.48 0.04 0.69      

Experience  0.60 -0.01 0.05 0.77     

Tech. ‘Strategic’ 
IOIMS N/A -0.37 -0.25 -0.19 N/A    

IOIMS Satisfaction  0.57 0.01 -0.21 0.01 0.38 0.75   

Current Outcome  0.52 -0.04 -0.21 0.05 0.34 0.66 0.72  

Commitment  0.68 0.28 0.24 0.01 -0.05 0.02 0.11 0.82 

* Diagonal elements in the ‘correlations of constructs’ matrix are the square roots of variance explained.  
For adequate discriminant validity, bold text diagonal elements should be greater than the corresponding 
off-diagonal elements. 

Table 2. Construct discriminant validity correlations between constructs
and variance extracted
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  0.18 a 

-0.36 a 

0.32 a 

Dependence/Power 

-0.23 a 0.28 a 

  -0.11 
a 

Uncertainty 

0.21 b 0.61 a 0.44 a IOIMS 
Satisfaction 
R2 = 0.19 

 

Current Outcomes 
(Trust, Perform, 
Responsiveness)  

R2 = 0.46 

Future 
Outcomes 

(Commitment) 
R2 = 0.17 

-0.19 a 

Strategic 
IOIMS  

R2 = 0.23 

Experience 

0.11a 

Figure 5. Structural model—Path coefficients & R2 (a=significant; b=not
significant)

 

Strategic 
Inter-Org 
Info 
Management 
System 

Inter-Org 
Info 
Management 
System 
Satisfaction 

Current 
Outcome 

Future 
Outcome 
Commit 

Dependency -0.36 a 0.18 a -0.01 b 0.32 a 

Uncertainty -0.23 a -0.11 a -0.06 b 0.28 a 

Experience -0.19 a 0.10 b 0.07 b 0.01 b 

Strategic Inter-Org Info Manage System 0.44 a 0.11 a 0.11 b 

Inter-Org Info Manage System Satisfaction 0.61 a -0.11 b 

Current Relationship Outcomes   0.21 b 

Total -0.78 0.61 0.72 0.82 

Multiple R2 0.23 0.19 0.46 0.17 

Average R2 0.15    

T Value: a > 1.97 (significant); b < 1.97 (not significant) 
 

Table 3. Structural model path coefficients and multiple R2
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ment) was not significant (t value 1.29 < 1.96). Current relationship outcomes
were not significantly affected by experience (t value 1.65), dependency (t value
0.20), or uncertainty (t value 1.77). In addition, experience did not have a
significant moderating effect on IOIMS satisfaction (t value 1.81) or future
outcomes (t value 0.08). Therefore, these aspects of the proposed model were
not supported. The model was rerun with PLS after removing the nonsignificant
paths with little change in the results.
There was support for the other aspects of the proposed model with an average
of 15% of the variance in the constructs explained (strategic IOIMS 23%,
IOIMS satisfaction 19%, perceived current relationship outcomes 46%, and
future relationship outcomes 17%) and significant t values greater than 1.96
(Table 3).
Satisfaction with the IOIMS was positively associated with a “strategic-oriented
IOIMS” where there were more face-to-face negotiations and more people
involved in exchanging information about forecasts, new product developments,
opportunities, and threats. A strategic IOIMS and satisfaction with the IOIMS
were both positively associated with perceived current outcomes (satisfaction
with performance, perceived responsiveness, and strength of relationship trust).
However, commitment to develop long-term customer supplier relationships was
not significantly associated with a strategic IOIMS, IOIMS satisfaction, or
current relationship outcomes as hypothesised.
Factors affecting the relationships in the model constructs included respondent’s
experience and business environment power/dependency and market uncer-
tainty. Dependency, market uncertainty, and experience were negatively asso-
ciated with a strategic IOIMS. However, IOIMS satisfaction was negatively
associated with uncertainty and positively associated with dependency. Depen-
dency and market uncertainty were both positively associated with commitment.

Conclusion and Discussion

The review of literature identified a gap in research looking at the role of
information systems to manage interorganisational relationships and to coordi-
nate customers and suppliers in chains. A model was developed to identify
aspects of the interorganisational information management system (IOIMS) to
coordinate customers/suppliers and how it was associated with perceived
current and future outcomes from the relationship (satisfaction with perfor-
mance, perceived responsiveness, strength of relationship trust, and commitment
to developing long-term customer/supplier relationships). In addition, the model
looked at the effect of environmental factors (experience, market uncertainty,
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and power/dependency). Following on from previous testing of the model based
on a survey of Australian food processors and an exploratory green life case
study, the model was revised. Results of testing of the revised model were
examined in this chapter.
In conclusion, the food processor survey presented and a previous exploratory
green life case study provided some support for the model of IOIMS as originally
proposed and the revised model. In all studies and models, satisfaction with the
IOIMS was positively associated with perceived current outcomes (satisfaction
with performance, perceived responsiveness, and strength of relationship trust).
The revised model demonstrated an additional positive association between
having a strategic IOIMS and IOIMS satisfaction. These findings were as
hypothesised. It was expected that satisfaction with the IOIMS and perceptions
of creation of knowledge and business improvement would be positively associ-
ated with current outcomes (greater perceived trust, performance, and respon-
siveness compared to others in the industry, as well as improvements in trust,
performance, and responsiveness over time). Similarly, it was expected that the
nature of the IOIMS would be positively associated with IOIMS satisfaction.
What was interesting was that IOIMS satisfaction was associated with the more
strategically oriented IOIMS where there were more face-to-face price nego-
tiations and problem resolution, as well as more people involved in exchanging
information about forecasts, new product developments, opportunities, and
threats. This indicated that more sophisticated and developed IOIMS were
important in developing IOIMS satisfaction. It may be that the management-
control type IOIMS were seen as a prerequisite for business rather than as a
value-added extra.

Managerial Implications

In terms of implications for management, the finding that the business environ-
ment was associated with commitment is not likely to be very surprising and will
have been built into strategic planning processes. However, a key issue for
management was the finding that increasing power/dependency was associated
with greater IOIMS satisfaction, while increased uncertainty reduced satisfac-
tion. This indicates that rewards of greater customer/supplier IOIMS satisfac-
tion can be gained through management action to provide greater certainty in
predictability of demand, production yield, quality, and quantity of supply.
Anecdotal evidence collected during interviews indicated that many organisations
had been addressing improvements in these areas. Uncertainty related to market
competition and changing consumer preferences would be much harder, if not
impossible, for management to influence.
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Perhaps the main finding was that perceptions of customer/supplier trust,
performance, and responsiveness were positively associated with users’ satis-
faction with an IOIMS and perceptions that it improved business and their
knowledge. Therefore, if management is concerned about ensuring that the
organisation is getting the best from customers/suppliers, it can monitor bound-
ary-spanning staff’s perceptions about these matters. Another key issue was the
importance of relationships rather than technical-efficient IOIMS to satisfac-
tion. This implies that a major managerial issue is ensuring that the culture of the
organisation encourages the development of personal relationships between
boundary-spanning staff and customers/suppliers. It can be encouraged through
more social activities such as attendance of conferences, trade shows, and
industry events. These “softer” skills can be emphasised in staff selection,
training, and performance assessment processes. Management also needs to
ensure that it allows time for relationships to develop by not rotating staff through
boundary-spanning roles too quickly. A common complaint was that boundary-
spanning staff in the customer/supplier organisation were changed too quickly.
Some respondents commented that time was needed to understand each other’s
business and how to get the best response. Such comments may indicate that
managing relationships with customers and suppliers is not based solely on
explicit organisational rules and processes that can be quickly learned and passed
on to successors. More detailed implicit knowledge may need to be gained that
relies on personal experience, which cannot be passed on to subsequent
boundary-spanning staff. Such implicit knowledge takes time and experience to
gain.

Further Research

In terms of areas for future research, the aspects of the proposed model that
were not supported need to be examined in more detail. What was not expected
was that in all studies and models, expected future outcomes (commitment) were
not significantly associated with either IOIMS satisfaction or current outcomes
(performance, responsiveness, and trust). The moderating effects of the busi-
ness environment variables may explain this finding. Both studies using the
original model found that the business environment (power, dependency, and
market uncertainty) had a significant influence on future expected outcomes or
attitudinal commitment to develop long-term customer/supplier relationships.
When these environment variables were separated out under the revised model,
both power/dependency and market uncertainty had a significant positive
association with commitment, while experience did not. This means that environ-
ments of greater dependence on customers/suppliers and market uncertainty
were associated with greater commitment now and over time (future outcomes).
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It had nothing to do with the experience of the respondent in the industry or with
the organisation or his or her understanding of the organisation. With the average
length of relationships with these customers and suppliers (22 years) being longer
than found in three out of four other studies (Jonsson & Zineldin, 2003; Karalis
& Vlachos, 2004; Langton, 2004), it may be that the food processors felt locked
into these relationships. If so, the boundary-spanning staff (purchasing and sales)
may not feel it has any say in who the company does business with and therefore
there was no association between commitment and staff’s perceptions of IOIMS
satisfaction or current outcomes (performance, responsiveness, and trust).
Many of the relationships discussed were with retailer supermarkets (35%), who
Amanor-Boadu, Trienekens, and Willems (2002) note wield significant power in
the agri-food sector through control of market access. In Australia, with three
retail chains dominating the market, this power would be even more pronounced.
Future research could be carried out to compare retailers and non-retailer
relationships to explore this further.
Another explanation for the lack of an association between future expected
outcomes (attitudes to commitment) and the IOIMS may be that the organisations
do not have different systems in place to cater to different customers’ or
suppliers’ needs, as there was little variation in the nature of the IOIMS—a
situation one may expect in practice because of investments in systems and
establishment of standards. As Anthony (1988) suggests, management control
systems need to ensure responsibility centres, even if physically separated, and
act consistently and in accordance with senior management wishes. This
conclusion was supported anecdotally during data collection, with the same
system used for all major customers and the same system used for all major
suppliers, even for divisions in different states. Note that organisations had
significantly different IOIMS for customers than those used for suppliers.
Further analysis could be undertaken to investigate whether organisations have
different IOIMS for different categories of customers and different IOIMS for
different categories of suppliers. There was anecdotal evidence during data
collection that adaptations were only made to systems with very important
customers/suppliers where there were highly developed relationships. There-
fore, in conducting this research, care will need to be taken to only analyse highly
developed relationships. The adaptations may be in the form of restructuring
boundary-spanning staff along product category or customer lines, exchanges of
staff, or a greater range of staff involved. Note the adaptations may be done
more for managerial processes than the more frequent operational or transac-
tional processes.
In terms of the impact of the business environment variables, both studies found
no meaningful effect on perceived current outcomes (performance, responsive-
ness, and trust). This was contrary to expectations. The business environment
(power/dependency and market uncertainty) was not strongly associated with
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perceptions of satisfaction with the IOIMS; creation of knowledge; business
improvement; trust; performance; and responsiveness, nor with changes in trust,
performance, and responsiveness over time. One explanation may be that the
current outcome constructs were based on measuring aspects of a respondent’s
personal relationships with customer/supplier counterparts. Rather than measur-
ing the organisation’s perceived official position on these matters, respondents
gave their opinions on whether they personally were satisfied, and so forth.
Peters and Fletcher (2004) raise the concern that much of the interorganisational
research has been based on personal psychological dimensions, but interactions
are between groups of people and each individual is embedded in groups,
organizations, and networks. Hardman, Darroch, and Ortmann (2002) measured
trust based on both personal confidence and business confidence, but unfortu-
nately did not report on whether respondents gave significantly different results
to these two questions. From the personal relationship perspective, the business
environment may have less of an influence, with the nature of the individuals
involved being more important. Further studies could be done to collect data
based on the official company position and personal opinions to see if this affects
the results.
The impact of the business environment variables on IOIMS satisfaction was
different in the two studies. Unlike the food processor survey, the green life case
study found the business environment had a significant association with the
IOIMS. These differences may be explained by the results of the revised model
when the business environment constructs were separated out. In the food
processor survey, the power/dependency and uncertainty affected IOIMS
satisfaction in opposing ways. While increasing power/dependency was associ-
ated with greater IOIMS satisfaction, increased uncertainty reduced satisfac-
tion. Possibly the increased uncertainty created more problems. Future research
could be conducted to explore the interactions of these two business environment
factors on the green life case study to see if the patterns were similar or if they
reflect differences in the industries studied.
An alternative explanation for the differences in the studies may have to do with
the way the data was collected. Additional variables used to measure the IOIMS
in the food processor study resulted in a more reliable and valid assessment of
it as a construct. This along with the larger sample size of the food processor
study may mean the food processor study results were more accurate.
The other main finding from the revised model was the significant negative effect
on strategic IOIMS of experience, power/dependence, and uncertainty. Strate-
gic IOIMS were based on more face-to-face price negotiation and problem
resolution, as well as more people involved in exchanging information about
forecasts, new product developments, opportunities, and threats. It may be
expected that less strategic information exchange would be required for respon-
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dents with greater experience in the industry and with the other organisation and
with greater understanding of the other organisation. There may also be
withholding of this type of information when in a dependency situation. However,
it was expected that the exchange of strategic information would be critical in
situations of uncertainty. The only explanation thought of was that perhaps the
information exchange is dominated with dealing with day-to-day operational
control management issues arising from the uncertainty. With the role of
strategic IOIMS in IOIMS satisfaction, it is a concern that there seem to be so
many forces affecting it negatively. Future research could look at factors that
ameliorate these negative forces and promote the development of strategic
IOIMS.
Many of the conclusions above have resulted in suggestions for further research.
This should not come as a surprise given the gaps found in previous research.
Any considering further work in this field that is an important element for future
chain collaboration and competition are welcome to contact the author to discuss
ideas and collaborate on research.
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Abstract

This chapter reflects upon techniques that might facilitate improved strategic
decision making in a supply chain management (SCM) environment. In
particular, it presents the integration of a selection of techniques adapted
from an approach to systems-based problem solving that has emerged
primarily in the UK over the last 20-30 years—the soft systems methodology
(SSM). The results reported indicate that SSM techniques can complement
existing SCM decision-making tools. In particular, this chapter outlines a
framework for integrating some SSM techniques with approaches based
upon the supply-chain operations reference-model (SCOR)
.
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Introduction

Supply chain management (SCM) is a collaborative effort that combines many
parties or processes in both the optimisation of the delivery of goods and services
and optimisation of information flows. To the customer, optimisation means that
the supplier knows what the customer needs and understands the timing of the
delivery of goods and/or services. To the supplier, optimisation means that the
right goods and/or services are available in the right quantities at the right time,
when the customer needs them, without requiring the supplier to carry excess
inventory or maintain excessive production capacity. Such collaborative efforts
are necessarily founded upon negotiated, “whole-of-chain” strategies, often
decided in an environment that brings together stakeholders across an entire
product cycle.
In this chapter, we reflect upon techniques that might facilitate improved
strategic decision making in an SCM workshop environment, in particular,
integrating a selection of techniques adapted from an approach to systems-based
problem solving that follows, in part, a socio-technical approach that has
emerged primarily in the United Kingdom over the last 20 to 30 years—the soft
systems methodology (SSM). A short timeframe action research approach,
introducing a selection of SSM techniques in a workshop environment, has been
applied. The results confirm and extend studies indicating that SSM techniques
can complement existing SCM workshop approaches. In particular, this chapter
outlines a framework for integrating some SSM techniques with approaches
based upon the supply-chain operations reference (SCOR) model.

Background

Supply chain management is a collaboration based strategy to link cross-
enterprise business operations to achieve a shared vision of market
opportunity. It is a comprehensive arrangement that can span from raw
material sourcing to end-consumer purchase” (John McConnell, as reported
by Ferguson, 2000, p. 64)

As Ferguson (2000) notes, this definition introduces two important ideas. First,
supply chain management (SCM) is collaborative, combining many parties and
processes in a product cycle. Second, it suggests that SCM potentially covers an
entire product cycle, from raw materials to the product sales point. Such
collaborative efforts are necessarily founded upon negotiated, whole-supply-
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chain strategies, often decided in a workshop environment that brings together
stakeholders across an entire product cycle.
It has been argued (Ferguson, 2000) that a company should implement SCM
because of its powerful impact on short- and long-term goals—profit, market
share, and customer satisfaction. To put the advantages in numeric terms,
companies that have successfully implemented SCM have observed order-cycle
times and inventory days of supply that are about 45% lower than their
competition. Further, these companies have been observed to be able to meet
their promised delivery dates 17% faster than their competition (Ferguson,
2000).
Despite this, a survey conducted by Deloitte Consulting has reported that while
91% of manufacturers in North America rate SCM as being very important or
critical to the success of their company, only 2% of these manufacturers rank
their supply chain as world-class (Elmuti, 2002). In support of this, the Bourton
Group (quoted by O’Connell [1999]) revealed that in excess of 80% of
manufacturing companies made the more effective management of their supply
chains a number one priority. It has also been claimed by an industry expert that
“the supply chain in the late 1990s is the one area where substantial gains in
bottom-line profit performance can be made” (O’Connell, 1999, p. 40).
The role of technology as an enabler of SCM has facilitated the initial develop-
ment of relationships between organisations, however, technology alone is not
sufficient. Businesses are volatile and their operation is dependent upon a group
of people cooperating along the chain. Researchers are now only in the early
stages of understanding and modelling the social, cultural, and political dimen-
sions of the supply chain and, in particular, understanding how the people-
focused challenges of managing the supply chain might best be addressed. It
remains an open question how supply chain managers might accommodate
various stakeholder perspectives of supply chain problems: the cultural, social,
and political forces at play; the diversity of individual skills and knowledge bases;
and diverse individual value systems.
In this chapter, we reflect upon techniques that might facilitate improved
strategic decision making in an SCM workshop environment, in particular, a
selection of techniques adapted from an approach to systems-based problem
solving that has emerged, primarily in the United Kingdom, over the last 20 to 30
years—the soft systems methodology (SSM).
SSM was developed at Lancaster University (UK) in the 1970s (Checkland &
Scholes, 1990). It offers a means of dealing with problem situations that can
potentially provide a path to improving or overcoming obstacles. Songkhla (1997)
has observed that SSM can be characterised as an iterative methodology
focusing and accommodating various stakeholders’ perspectives in the design of
change. Furthermore, Songkhla has argued that, unlike its predecessor (systems
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engineering), SSM does not seek one problem definition, but rather accommo-
dates a variety of different perspectives to try to make sense of multiple problem
situations.
Recent research (Smith, Mackay, Altmann, & Gencoglu, 2002), although
preliminary in nature, has revealed that the use of some SSM techniques (rich
pictures, root definitions, and conceptual modelling) within an SCM context
shows promise. Building on this, the present study develops this stream of
research further, investigating whether the wider spectrum of SSM techniques
might be of value to supply chain managers in resolving strategic SCM issues in
a workshop-based decision-making environment. Further, this study investigates
the role SSM might play in complementing approaches that incorporate the
widely used supply-chain operations reference (SCOR) model (Supply-Chain
Council, 2005) for addressing the analysis and design of supply chain solutions.
In the next section of this chapter, SSM is introduced, together with a brief
review of previous studies of the integration of a selection of SSM concepts and
techniques with existing techniques used by practitioners who are supporting
SCM decision-making activities within a workshop environment. The following
section then outlines the short timeframe action-research approach that has been
applied to investigate the introduction of a selection of SSM techniques in an
SCM workshop environment. Results from the two-stage workshops conducted
are then reported. Finally, some conclusions and possible future research
directions are canvassed.

Using SSM to Facilitate
SCM Decision-Making Workshops

Soft System Methodology

In 1969, researchers at the Postgraduate Department of System Engineering of
the University of Lancaster (UK) commenced a stream of research, continuing
to this day, to investigate the application of systems concepts to the investigation
of the sort of messy, ill-structured, organisational problems that managers of all
kinds and at all levels face everyday.
Initially, they sought to explore whether it is possible to use well-established
systems engineering approaches to address real-world managerial, rather than
technical, problem situations. Systems engineering begins with a stated problem
and applies systems concepts (e.g., input, output, communication, control,
feedback) to design solutions to that problem. Such approaches have undoubt-
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edly been highly successful in the delivery of production processes, chemicals,
electrical systems, and the like. What the researchers found, however, was that
system engineering concepts were unable to cope with the subtleties and
immense complexity of management problems, characterised by conflicting
appreciative settings and norms (Checkland, 1999). Systems engineering struggles
to deal with situations where there are multiple conflicting perceptions of what
the problem is and where ends and means are not related by simple causal
relationships.
The Lancaster researchers moved away from working with the idea of an
obvious problem that required a solution to working with the idea of a situation
(a problem situation), which may be regarded as problematic by at least some
people for multiple, different reasons.
The development of SSM might be characterised by four key understandings
(Checkland, 1999):

• in all real-world problem situations, human beings in social roles seek or
wish to take purposeful action;

• models of purposeful activity can only be built on the basis of a declared
worldview;

• such models are not models of real-world action, but models that are
relevant to discussion and argument about real-world action;  and

• a problem-solving process inevitably consists of a learning cycle, in which
models of human activity systems can be used to structure a debate about
a change.

Of particular relevance is that the models of human activity that are constructed
can be used to explore issues concerning what information systems might best
be created to support real-world action.
This view of SSM as a cycle of inquiry and learning, leading to action to improve
a problem situation, is illustrated in Figure 1 (Checkland, 1999). This cycle can
be understood as follows:

• In real-world situations, humans interpret the world in different ways.
• As such, it should always be possible to have many models of a situation.

SSM suggests that the best way to proceed is to make a handful of models
representing pure ideas of purposeful activity, rather than being descrip-
tions of part of the real world.
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• These models can then be used as a source of questions to ask of the real
situation and, in turn, provide new knowledge and insights concerning the
problem situation. This can lead to further ideas and relevant models.

• Such an organised comparison of models and perceived real situations can
lead to accommodations between the conflicting perspectives, enabling
action to be taken that is arguably both desirable (in terms of the compari-
sons between models and perceived situations) and culturally feasible for
a particular group of people with its particular history, relationships, culture,
and aspirations.

SSM is, therefore, an organised learning system. By learning about organisational
problems, plans for feasible desirable change emerge, and action can be taken
to improve organisational problem situations, possibly through the introduction of
information technologies.
The progress of the 20 to 30 years of research to date, leading to the fundamental
understandings outlined above, has been documented and reflected upon in

Figure 1. The inquiring/learning cycle of SSM (As presented by Checkland,
1999)
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several monographs. The methodology has become less structured and broader
as it has developed (Checkland, 1999). The key monographs include:

• System thinking, systems practice (STSP) (Checkland, 1981), which
describes the early experience of trying to apply system engineering to the
problems of management and reports the origin of “system thinking” as an
alternative to the reductionism of natural science. It recognises the need for
applied system thinking and documents SSM as a seven-stage process of
inquiry (see Figure 2).

• Systems: Concepts, methodologies and applications (SCMA) (Wil-
son, 1984) describes a control engineer’s view of the experience of the
Lancaster research. SCMA represents SSM in terms of an engineering
form of logic, presenting a systems engineering approach with the addition
of human activity system modelling.

• Soft system methodology in action (SSMA) (Checkland & Scholes,
1990) moves beyond the seven-stage model of the methodology and sees
SSM as a sense-making approach. It also introduces the “Analysis One,
Two, and Three” approaches to understanding an organisation’s problem
solving, social, and political systems.

• Information, systems and information systems (ISIS) (Checkland &
Holwell, 1998) relates experiences based on the mature use of SSM to a
fundamental reconceptualisation of the field of IS/IT.

Over the years, a number of detailed representations of the broad process of
SSM have emerged. The seven-stage model, discussed below, is the most often
quoted representation and provides the basis for the studies presented herein.
SSM was originally presented, in STSP, as a sequence of stages with iteration
back to previous stages. This seven-stage model is illustrated in Figure 2.
In the seven-stage model of SSM (Figure 2):

• Stages 1 and 2 involve entering the problem situation, finding out about it,
and expressing its nature. It does not draw on preconceived problem
descriptions but looks at the whole organisational situation with an open
mind. Stage 1 involves finding out who is involved in the organisational
problem situation, their perceptions of the situation, their concerns, existing
processes, structures, and so on. Then, in Stage 2, the problem situation is
expressed, often as a set of rich pictures. Rich pictures are a diagrammatic
presentation of the organisation and the problem situation. Any appropriate
icons, maps, schematic drawings, logos, and the like may be used to
describe the situation.
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• In Stage 3, relevant systems that, if modelled, might provide insight into the
problem situation are named. Each named system is expressed as “a system
to do xxx.” These named systems can be of two broad types:
� Primary task systems—which are systems that it would be widely

agreed represent the transformation of primary concern to those with
an interest in the problem situation, for example, for a furniture
manufacturer, it would be “a system to make furniture”; and

� Issue-based systems—which are systems that might provide insights
into a particular concern, for example, if the makers of furniture were
concerned that there was a lack of trust between them and their timber
suppliers, it could “a system to build trust.”

Figure 2. The seven stage model of SSM (As presented by Checkland, 1981)
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For each named system, a concise statement, called a root definition, is
formulated. This statement, for each named system, should include the so-
called CATWOE elements:
� Clients—those who benefit from, or suffer the consequences of, the

outputs of the named system;
� Actors—those who are involved in carrying out the named system’s

transformation process;
� Transformation—the conversion of inputs to outputs for the named

system;
� Worldview—the often unstated assumptions relevant to the named

system that make the above transformation meaningful;
� Owner—the person with the capacity to close down the named

system; and
� Environment—the constraints and external influences upon the op-

eration of the named system.
• In Stage 4, models are produced for each root definition using approaches

described extensively by Checkland (1999). These are called human
activity models (or conceptual models). The activities in a model are based
primarily on the verbs in the root definition. SSM practitioners also often
consider the “5Es” when thinking about the measures of performance of
the system they have modelled: efficacy; efficiency; effectiveness; el-
egance, and ethicality.

• In Stage 5, the models produced are compared with the current situation
in the real world to structure further questioning of the situation. This
questioning often takes the form of asking, about each activity in each
model: Is this activity currently done in the perceived real world? Who does
this? How is this done? How would we assess if this activity is well done?
What actions might we take, relevant to this activity, to improve the
situation, possibly involving the application of information technology?

• In Stage 6, changes that could improve the situation are identified. The
changes must be desirable in principle and feasible to implement given the
people involved, the power structures in place, and so on.

• In Stage 7, the identified changes are assessed and a set of actions are
recommended and taken to improve the problem situation. These changes,
once actioned, alter the problem situation, and so, in principle, a new cycle
of SSM can begin, with the intention of generating new insights and
changes. In this sense, the cycle of learning and improving that is embodied
in SSM is never-ending.
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The directional arrows that link the seven stages in Figure 2 show the logical
structure of the collection of actions, which make up the overall process. Those
directional arrows do not necessarily represent the sequence in which the
activities are to be executed. The process of analysis may start with any activity,
progress in any direction, and use significant iteration at any stage (Checkland,
1981).
It should be recognised that those stages shown “above the line” in Figure 2
employ the language of the real world, and it is expected that broad participation
of stakeholders will be encouraged during the execution of all those stages
(Stages 1, 2, 5, 6, and 7). The stages “below the line” (Stages 3 and 4) will involve
the application of systems thinking principles and will most probably be facilitated
and largely carried out by an experienced SSM practitioner.
To illustrate the potential of SSM to support discussions in an SCM workshop
environment, an example of the application of SSM to an SCM scenario is
presented in the Appendix. This SSM application to a simplified scenario
(provided to the authors by the SCM practitioners at the site studied in the
research reported herein) was the focus of the practitioner feedback reported in
the Results and Discussion section of this chapter.

Previous Studies of the Application of  SSM to Facilitate
SCM Workshops

Very little work has been reported to date on the integration of SCM and SSM.
Rigby, Day, Forrester, and Burnett (2000) have highlighted that a gap exists in
the literature surrounding the theoretical attention given to interfirm agility. They
identify that a difficulty exists in understanding the softer influential elements.
Elements such as power, trust, dependency, and certain other human-related
factors are not able to be adequately accounted for in analysis. Although it would
appear as if soft systems methodology might be able to alleviate many of these
concerns by dealing with the softer issues, it is argued by Rigby et al. that “even
approaches such as ‘soft systems’ methodologies cannot capture the essential
nature of these relationships and human factors sufficiently to account for
‘maverick’ episodes” (p. 184). However, detailed studies applying SSM to test
this assertion do not appear to have been reported.
On the other hand, the study reported by Smith et al. (2002), which involved the
supplementing of established SCM quick response (QR) workshops with a
selection of SSM tools and techniques in order to investigate the appropriateness
of SSM for identifying social, political, and cultural factors in an SCM context,
has been promising. In that study, SCM practitioners were exposed to the
possible inclusion of SSM techniques into an SCM QR workshop process model
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established by Perry and Sohal (2000). In summary, the study of Smith et al.
(2002) highlighted the potential of SSM in a workshop setting, with three central
themes emerging:

• The SSM techniques allowed the participants to achieve a greater sense of
understanding in regard to the supply chain management processes. This
was due largely to the fact that the visual nature of rich pictures allowed
the participants to see the particular processes involved in the supply chain.

• The utilisation of CATWOE analysis, highlighting the elements of custom-
ers, actors, transformation process, ownership, worldview, and environ-
ment, allowed for the development of root definitions. Once established,
these root definitions were developed into mission statements that reflected
each participant’s situation and allowed for reanalysis of the cooperative
role of the supply chain.

• The value of examining the supply chain from a top-down perspective,
through the use of conceptual modelling, was seen to produce a positive
effect in the participants’ reactions. Instead of each participant developing
his or her own activity model, reflecting individual perceptions of the
current status of events, an approach undertaken from the top-level
allowed for fresh views to form, thus broadening perceptions.

One final element of the literature that should be briefly reported is the SCOR
approach. This becomes particularly relevant, as will become apparent in the
Results and Discussion section of this chapter, because the organisation that
is the particular focus of the work reported currently follows an approach to
reasoning about supply chain problems based on SCOR (Supply-Chain Council,
2005). SCOR is growing in coverage and has earned recognition with near-global
coverage, as it aims to describe all of the activities involved in the satisfaction of
customer demand. The model contains five basic management processes (plan,
source, make, deliver, and return) with various segments that can be applied to
describe both simple and complex supply chains. A schematic representation of
the SCOR model is presented in Figure 3.
SCOR is a business-process reference model that links process elements,
metrics, best practices, and the features associated with the execution of a
supply chain. Areas that the model does not span include sales and marketing,
research and technology development, product development, and some elements
of post-delivery customer support, but acknowledgement is made of those areas.
Mention is made that the model has been adjusted in the past and will continue
to be so, based on council requirements. SCOR does possess its own set of
metrics organised in a hierarchical manner. The metrics are assigned as primary,
high-level measures that cross the five business processes, before being
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decomposed as diagnostic measures. These level-one metrics (reliability, re-
sponsiveness, flexibility, cost, and assets) are linked to what SCOR refers to as
performance attributes. The performance attributes permit a supply chain to be
analysed and evaluated against other supply chains with competing strategies
(Supply-Chain Council, 2005).

Research Approach

In order to collect relevant, informed insights into the potential of SSM to
facilitate improved strategic decision making in an SCM workshop environment,
a short timeframe action-research approach, introducing a selection of SSM
techniques to SCM practitioners in a workshop environment, has been applied.
A selection of SSM techniques has been introduced to a workshop of experi-
enced SCM practitioners in two steps:

• An initial workshop was held with members of the participating firm
(Company X) in order to develop an understanding of the current supply
chain methods employed by that firm and to inform the participants’ initial
thinking on the extent to which SSM tools and techniques might facilitate
the conduct of a planned second workshop. SSM techniques were pre-

Figure 3. SCOR: Five major management processes (Reported by Supply-
Chain Council, 2005)
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sented to the workshop, essentially as outlined earlier in this chapter.
Opportunities for applying each of the SSM techniques were discussed with
the participants, together with the possibility of integrating SSM with the
SCOR approach that is used at present by Company X to facilitate its SCM
decision making. In the second part of the first workshop, the participants
were invited to suggest a “Focus Area for Consideration in Workshop 2.”
This yielded the SCM “problem situation” scenario that has been presented
at the start of the Appendix.
Prior to a second workshop, thought was given by the researchers to the
design of a program for introducing the tools and techniques into a
workshop discussion, bringing to the second workshop the worked example
(as per the Appendix) built on the fictitious example that had been
suggested at Workshop 1.

• A second workshop was then conducted with the participants, introducing
a number of SSM techniques as a means of examining aspects of the given
supply chain situation that the participants had suggested they would be
interested in exploring. During the second part of the second workshop, the
participants engaged in what was essentially a focus group to explore their
post-workshop reactions to the SSM approach and techniques. It is
noteworthy that in this second workshop the participants were, figuratively
speaking, wearing two hats, as their opinions on the use of the SSM
approach and techniques were obtained from the perspective of both a
consultant holding an SCM workshop and the clients participating in a
workshop.

Both workshops were audio recorded, and transcriptions of both sessions were
subjected to content analysis (Neuman, 2003), clustered around the participants’
expectations of the relevance of the various SSM stages and techniques as
introduced in Workshop 1, and their subsequent reactions to the second
workshop that applied these techniques to the SCM scenario that they had
suggested.

Results and Discussion

The Workshop Participants

The organization selected to participate in these studies (Company X) is an
international supplier of SCM support services. As such, it was deemed ideal as
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a site to seek reactions to the possible use of SSM in a SCM context. Company
X has established sections within its structure to deal with specific areas
including the provision of:

• support, education, and assistance for its clients;
• help to larger businesses to gain the necessary accreditation to issue bar

codes; and, most relevant to this study
• assistance with the identification and implementation of both e-commerce

and SC management solutions; and
• consultancy services in the dynamic fields of e-commerce and SCM.

The participants for the research study were selected with the help of the
General Manager of eTechnology Development at Company X, and were all
current employees of Company X, with the exception of one who was a
contracted consultant working with the company at the time. Their titles indicate
the broad scope of their responsibilities, and include: General Manager eTechnology
Development (GM); Knowledge Center Project Manager (KCPM); Industry
Services Manager (ISM); Business Analyst (BA); eTechnology Development
and Services Manager (DSM); and eTechnology Development and Standards
Coordinator (DSC). It should be noted that most of the quotations below come
from the KCPM, largely because, as the workshop developed, he summarized
the discussion of the group at regular intervals. The abbreviations above are used
in the following to identify the sources of particular quotations.

Workshop 1: Initial Reactions to the Possible Use of
SSM to Facilitate SCM Strategic Decision-Making

When gathering responses concerning each participant’s immediate reactions to
the techniques offered by SSM, it became apparent that there were a number of
overlaps of SSM with existing methods. SCOR, for example, was described by
the KCPM as being “a process model and it looks at processes right across the
supply chain at various levels of detail.” It was stated by the KCPM, who has
deep knowledge of SCOR, that he saw a number of areas of overlap. The KCPM
was able make a comparison between the two and identified that “in terms of the
five attributes the SCOR model pursues, they don’t correspond directly to the
five E’s, although the efficacy and the efficiency overlap with one or two of the
attributes.” The KCPM was able to further identify that, based on what he had
seen, some of the elements are processes, some are relationships, and some are
transactions. “It’s a combination of all of these.” The DSC was able to draw a
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comparison with the unified modelling language (UML) but noted that SSM
would be used as a higher level strategic approach.
The inherent difficulty in conveying the attributes of SSM in a short workshop
scenario would not be fully realised until the participants had a further chance to
see the application during the second workshop. When running through the
material describing SSM alone and within an SCM context, it became obvious
from the participants’ comments that the second workshop would be essential
in order to allow the participants to see a practical application of the tools and
concepts. Some important insights were obtained, however, as to the partici-
pants’ initial reactions towards where they thought limitations may exist.
Specifically, the “rich picture” provoked much conversation as to its applicability
in a high-level strategic sense. When discussing initial perceptions, the ISM
observed:

Whilst I really like the pretty pictures, the people that we deal with are often
in the mindset that it’s too creative. My view again is similar to GM that I
don’t know enough about it… but they could be immediately alienated by
what they see, the sort of superficial-type pictures.

The KCPM summarised this discussion by stating, “Where it would fall down is,
I think, as the others have mentioned, some people would immediately balk at the
cartoon-style pictures.” The DSM agreed but was able to look further and
suggested that:

I agree that you certainly wouldn’t take it to the CEO of Company Y, and
get him to start sketching drawings. But I think the small companies… We
have very different levels of membership, so I think for some companies that
model might work, where they are very simple people. Maybe they’ve been
doing business the same way for years, and want to change and understand,
so simple things like this might be of use.

Overall, it was suggested that smaller companies might see some benefit in the
utilisation of the rich picture, although the costs of carrying out such workshops
may present a limitation. The KCPM suggested:

We have small-type companies and time is one of their drivers, or the lack
of it. We are talking about knowledge centers, and talking about bringing
them to the Knowledge Center. Are we going to get a three-person band to
devote essentially a six-hour program over whatever timeframe, perhaps an
hour every time? That’s a lot of money to them in the end.
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Despite the participants’ apprehensive initial opinion of the rich picture technique
a number of extremely positive reactions were subsequently recorded on SSM’s
application in an SCM context. The most prominent of these was that of SSM’s
mapping of relationships. The KCPM in particular, as an expert on SCOR and
quantitative analysis, declared:

The bit that is new and that doesn’t overlap with what I have done
previously, whether in the SCOR model, or in quantitative analysis of
organisational modelling (analytical consulting). The bit that doesn’t
overlap is the relationship side of it. To be able to map out what the
relationships are in an organisation’s system and to systematically approach
those relationships in terms of their importance, their impact, their 5 E’s. To
be able to map that out is a very good technique, and that is something that
I haven’t seen anywhere else.

This identification of a potentially innovative attribute of SSM within an SCM
context prompted a discussion of exactly where the participants believed its
application might truly lie. The GM was apprehensive and guarded at first when
revealing that “my difficulty was to see its application in the general market
place. I’m not too sure whether it’s applicable to a consultant. I suppose it is, and
the difficulty in actually executing it, that’s my initial reaction.” Later, the KCPM
was able to elaborate further on its application in an optimistic sense:

I think you could relabel it CRM and get one of the big software companies
to look at it. You’d make a million. Importantly SSM looks at the relationships
between the various parties in the organisation, whether it’s multiple
organisations in the system, or a system within an organization.

The other participants began to open up and view the model as a possible
complementary tool to their adopted SCOR approach. The KCPM was able to
capture this as a highly analytical perception, as follows:

We could do some kind of cross-mapping there, but how I position the two
is that where the SCOR model looks at processes, and it does that fairly
rigorously, in a structured way, SSM would sit above that in a more
strategic organisational design kind of environmental application.

The final concluding statement made by the GM, after taking into account all of
the valuable contributions made, provided a neat summary of the initial percep-
tion of SSM’s role within an SCM context:
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Yes in those applications, where I think it, the window of opportunity, is for
those organisations that are not too small, to have no time available for the
technique. But on the other hand, not too big, that their system is beyond
the capabilities of a bit of butcher’s paper. So there is going to be a middle
zone, where it is going to work better, both culturally and for complexity
reasons. So you stay in that middle zone and you emphasise the strengths
that come out of the relationships as the primary outcome of the methodology
and don’t play, or don’t emphasise the process mapping, or the quantitative
analysis, which are well covered by other techniques.

Workshop 2: Reactions to the Worked SSM Example

Between the first and second workshops, the researchers developed a sample
of SSM in action in an SCM context to share with the participants and to provoke
useful discussion, based upon a scenario provided by the workshop participants.
That scenario and the fragments of an SSM study based upon it, as put forward
for consideration in the second workshop, are presented in the Appendix.

The Rich Picture

The participants were first shown the rich picture (see the Appendix, Figure A1).
The notion of drawing the picture together as a group was well received, as it was
stated by participants that it would enable the client’s conflicts to be identified,
as well as showing “how they interact with each other.” It was acknowledged
that brainstorming was a necessary starting point and the benefits that the rich
picture provided were in the structuring of that brainstorming into something
more pictorial, something to which the clients can relate. The participants were
accustomed to seeing bullet points of ideas, but the dot points and rectangle
shapes are replaced in the rich picture by pictures. As the BA put it: “. . .with
this one, the picture is growing and you can actually see the relationships, which
actually shortens the time-span of decision making.” This discussion of the ability
of SSM to emphasis the relationships between all of the stakeholders created
much enthusiasm. By highlighting the relationships, by drawing more transac-
tional connections and not concentrating on whether the picture actually looks
good or not, helpful insights can be obtained.
When introduced to the rich picture in Workshop 1 (refer to the previous section),
the participants had felt that the rudimentary drawings in rich pictures would be
of little relevance to CEOs or people of high organizational standing. The
supportive attitudes that emerged in Workshop 2 were explained by the KCPM:
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I think the significant difference between the sample drawing from last time
and this time is the proportion of words versus pictures has changed
dramatically. The sample here is 60% words and 40% pictures, whereas the
last one was 70% pictures and 30% words. I think that this is a significant
difference, which for someone who is used to dealing with words and
PowerPoint slides, this is far more accessible than the one where it has all
pictures.

The participants concluded that if you are a “picture person” the icons may make
immediate sense, but you must accommodate those that rely more on words. The
principal conclusions drawn were that getting the clients involved in the
construction process and highlighting the relationships were the key strengths of
the rich picture. As the KCPM summarised:

People do respond well to visual contact especially when we are talking
about relationships. Its hard to understand relationships when you read a
piece of paper text but if we can draw a picture of a relationship, especially
a multi-party relationship like any supply chain is by definition, people are
going to respond much faster and with much better insight to a visual
representation.

Relevant Systems

By comparison to other SSM techniques that were seen as similar to notations
the participants had used previously, the idea of naming relevant systems was an
area that required substantial clarification. The named primary task model that
was presented (see the Appendix, Stage 3) was described by the KCPM as being
a “potentially double-edged sword, as invariably the problem presented to you as
an analyst is a system of degree issue and so the question of scope is never in
the client’s mind.” On further discussion, it was decided that it is essential that
this issue of “what is the scope” that we are dealing with in a given situation must
be prominent in the analyst’s mind. For SSM analysts, the scope is usually
established implicitly in the defining of the system. The workshop participants
felt, however, that there was value in including with any named primary-task
system, an explicit statement of the scope of the supply chain operations that it
was within the brief of the supply chain managers to consider. “So the wrap up
of that is while the primary task statement itself is very useful, it needs to have
a related scope statement that establishes the boundary up front and steers the
direction.” The KCPM went further to conclude that:
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The scope has to be done first, leading to the primary task that will have two
levels of detail. Then, we do the CATWOE analysis, which effectively sets
the components of the system in place, and only then do we drill down the
next level of detail where we should talk about SWOT and other analysis.

Root Definition

The CATWOE analysis (Appendix, Stage 3) was received very well by the
participants as a substantial and useful way to portray the situation at hand.

… I like the structure of that. I think it’s got a much broader base than most
methods I’ve seen, and therefore has the potential to pick up on the soft
issues that are usually left out by most other methods. (KCPM)

In discussion of the root definition, however, it was agreed that placing the
CATWOE in a paragraph format (see Appendix, Stage 3) was of no particular
use. As the KCPM remarked, “the root definition, in my honest opinion, I can’t
make any sense out of that sentence. I find trying to convert all of that into one
sentence doesn’t work.” Instead, the discussion turned to the removal of the root
definition and the inclusion of a statement addressing the overall goals and
objectives of the system that would appear at the very beginning of the process.
As the KCPM put it:

What were the rules of engagement in the first place for us as consultants
to be called in? My experience with different types of consulting projects
is that if it is not very clear at the start then not only is the primary task and
the scope likely to be skewed;  all the work that follows might end up being
completely wasted if we are not hitting the right target.

The way that SSM attempts to deal with this is to consider problem situations as
opposed to problem statements, so there can not be a danger of locking yourself
into a particular statement of the problem early on. For SSM analysts, the goals
would emerge later as a result of the learning process mediated by these problem
situations. This was accepted by the participants, although it was still firmly
decided that:

We need an initial statement of what is the goal, not to lock in but to give
a starting point… That’s where you then get the problem situation as a
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collective of the initial stated goal and the real goal to solve the underlying
root cause. (KCPM)

Human Activity System (Conceptual) Model

On presentation of the primary task human activity system (conceptual) model
(Appendix, Figure A2), it became apparent that it overlapped on many fronts with
the SCOR process model, and it was suggested by the KCPM “that in SC terms
the process model of all process models was the SCOR model.” The SCOR
model defines all of the SC activities, with the exception of areas such as
recruiting the workforce and the influence on taste and the management of
business processes outside of the model. The SCOR model in substantial detail
covers everything else inside of the boundary of the activity model that had been
developed. As the KCPM stated: “I would actually use the SCOR model to cover
80% of that and then add the other bits.” The participants suggested that the
SCOR model could be used to cover all of the overlaps, and the activity systems
model would be used on the periphery of it, concentrating on the outside issues
of marketing, workforce creation, and coordination. Alternatively, it was pre-
sented that the same approach and layout used for the activity systems model
could remain, with the words in the ellipses 4-11 (refer to Appendix, Figure A2)
substituted with the SCOR terminology.
The KCPM was able to express a summary of the overlaps of the SCOR model
with the human activity systems model:

There are some fuzzy overlaps with activity 3 and with 12,13 and 14. SCOR
doesn’t cover marketing so activity 2 is out of bounds while 4 is Plan in the
SCOR model directly. 5 is a combination of the supplier’s delivery function
and the sourcing activity of the business, whilst 6 is the Source and 8 is part
of Enable. 7 is not inside the SCOR model but they are currently working
on its inclusion as a product designing process. 10 is deliver and 11 is
arguably part of the delivery process.

A correlation, therefore, appears between most of the middle section of the
developed activity model and SCOR, and potentially on the outer edges. It is the
soft edges where there are, for example, decision makers or outside influences
on the human activity systems, which SCOR does not model. At those places, the
activity model construct of SSM would allow for the identification and labeling
of processes, and might be of value in an SCM context.
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Analysis/Comparison

Upon discussion of the tabular format of the analysis/comparison (refer Appen-
dix, Figure A3), the participants agreed that it is good to have a structured
approach and to systematically work through each of the process elements from
the human activity systems model. The part that caused some confusion
according to the KCPM was the distinction between the current and possible
status. “Where I guess I’m struggling a bit is there doesn’t seem to be a
distinction between the ‘as is’ and the ‘to be’.” Some discussion of how this might
be handled by SSM took place, although the participants still considered this a
gray area, as the difference between the two may include or may not necessarily
include all of the last two columns of the table—possible responses (activities and
technologies). The KCPM summarised his impression of the activity analysis,
bringing into play the 5 E’s:

I’d like to see in this table the five E’s which in turn trigger the performance
measurement approach. I think the five E’s are roughly equivalent to the
five performance attributes of the SCOR model and in the SCOR model they
are actually introduced right back at the high-level version of the process
model.

The Interface between SSM and SCOR

An important theme emerging from the two workshops, and the subject of
particular discussion towards the end of the second workshop, was the notion of
interfacing SSM with workshop discussions that employed SCOR as a refer-
ence.
In summary, the participants in the present study were enthusiastic and displayed
genuine interest in both of the workshops conducted. In particular, the KCPM
contributed significantly to discussion about the linking of SSM with SCOR and
was able to summarise the possible integration of SSM and SCOR at the end of
Workshop 1, as follows:

How I position the two is that where the SCOR model looks at processes, and
it does that fairly rigorously, in a structured way, SSM would sit above that
in a more strategic organisational design kind of environmental application.
And for those organisations that are taking seriously these issues, it would
be a useful front-end before they embark on process mapping, which in turn
comes before they embark on system upgrades and specifications. So, put
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in the right context, it works best as a precursor to the various other process
and technology-orientated tools.

During the second workshop, the participants’ views on SSM developed as they
had been able to see its practical application to the scenario provided. The
following is a summary of the main results that have been reported above, drawn
particularly from Workshop 2, related to the way the two methods (SCOR-based
and SSM) might be used together. This draws, in particular, upon a body of very
useful reflection that took place with the participants near the end of the second
workshop.
As a result of the workshop discussions, it emerged that the first step might be
the formation of an initial statement of objectives. This statement would establish
the rules of engagement of the project and would provide an initial motivation to
commence analysis. This would not be a “locked-in” final statement, as later on
in the process it would be revisited and potentially revised.
The next step would be the identification of a primary task statement that should
capture the key issue of “what system we are looking at.” This could come out
of a rich picture that could include a heavy use of words to aid in client
understanding. The words can then be transformed into cartoon-style pictures,
and, as the client’s understanding is enhanced, the pictures may be replaced by
icons. This is a stage that can be “initiated with flexibility,” as the interchange of
words, pictures, and icons could be shaped according to client comprehension.
The primary task statement may be a short sentence at the highest level, but
accompanied by a supporting statement with a few bullet points that “unpack into
a second-level tier of detail.”
Along with the two-tier definition of the task, we also need a scope or boundary
statement to establish clearly “what is in and what is out.” This step needs to be
clearly spelled out and appear right at the beginning of the activity analysis, as
it will have an impact on all of the process design that follows.
The modelling process then begins by undertaking the CATWOE analysis,
which, as the participants noted, has a “broader base” than most methods and
picks up on the soft issues that are usually left out by other methods. The
CATWOE analysis should be accompanied by a discussion of the five E’s.
Although the five E’s appear normally at the end of the activity analysis, it is
necessary to draw attention to them at this earlier stage without allocating
specific measures. An understanding should be obtained of the impact of each
element of the CATWOE on the 5 E’s, as we begin to make the conceptual link
between the system as we are defining it and the outcomes measured later on
by the 5 E’s.
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At this point, it is then appropriate to go back and reconfirm the goal or objective
established in the initial statement. A complete loop has been completed as we
have devised a rich picture, Primary Task Definition, and first-round CATWOE
analysis. We have looked at the performance attributes, or the five E’s, in a
preliminary sense and, thus, completed one loop. It is appropriate then to go back
and reconfirm the goal or objective to confirm that a full understanding of the
situation is held, before the goals of the project are reinforced.
Having set the stage, the next step would be to construct a process model or
human activity system model. The participants regarded the way the SSM
method approaches the conversion of relationships into activities or processes in
high regard. As discussed, “the SCOR model would be used in place of activities
4-11 as a direct correlation appears for most of the middle section.” It is the soft
edges where there are, for example, decision makers or outside influences on the
human activity systems, which SCOR does not model, where an SSM approach
would allow for the identification and labelling of additional processes, and
therefore would enhance SCOR. This would then be followed by an activity
analysis, which drills down into each activity identified.
In order to ensure that ideas that fall outside of the columns in the SSM
comparison stage are not lost, a more rigorous approach should be adopted. This
could be to add an extra column, “process reengineering,” to SSM’s tabular
comparison format. Process reengineering has more rigor than SSM’s current
idea of an activity/technology analysis, but this should be applied on a case-by-
case basis.
The last step, which is not written into SSM, is that one might need to bring
together all of the elements that have been analysed and synthesised and
repackage it. This would form a high-level statement of the reengineered or
proposed new system.

Conclusion and Outlook

The major outcomes reported in this chapter might be summarized as follows:

• A motivation for research into techniques that might be applied in workshop
processes to facilitate the early decision-making processes in addressing
SCM concerns has been provided (see Introduction and Background);

• An introduction to the SSM approach to such problem-solving has been
provided (see Using SSM to Facilitate SCM Decision-making Work-
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shops), including a worked example using a fictitious SCM scenario
provided by a group of experienced SCM practitioners (Appendix). Previ-
ous applications of SSM in the SCM context have also been briefly
reviewed;

• A workshop-based approach to investigate the reactions of SCM profes-
sionals to SSM, and to collect their thoughts on the worked example has
been described (see Research Approach); and

• A discussion of the data captured within two workshops has been pre-
sented. The subject company and the participants involved have been
described. An analysis of the data captured in the workshops has been
reported, including tentative conclusions on the integration of SCOR with
SSM in an SCM workshop context (see Results and Discussion).

This study has offered the opportunity to build the theoretical and practical base
of both SCM and SSM and, in turn, to open the path for future research, possibly
integrating further SSM techniques into SCM practice in a number of varied
settings. The results reported have provided enhanced insight into the potential
benefits of SSM within a workshop decision-making environment, and have
provided valuable guidance to both practitioners and theoreticians alike.
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Appendix

Sample Application of SSM to an SCM Scenario

In the following, the seven-stage SSM approach is applied to a simplified SCM
scenario supplied by the SCM practitioners who participated in the study
described in this chapter. Note that, although fictitious, the practitioners felt this
example was indicative of the types of issues that can emerge in the early stages
of strategic discussions with supply chain representatives.

Stage 1: Problem Situation Considered Problematic

Consider the following fictitious scenario. This information may have been put
together by speaking with various stakeholders, reading background documen-
tation, and the like.
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A number of furniture manufacturers in South Australia have met informally
to discuss their on-going viability and the prospect that they might all profit
by cooperating with each other and with participants at other points in the
furniture manufacturing and retailing supply chain.

Specifically, there are five manufacturers—two are small, involving fewer
that 10 employees each; the other three might be termed medium-level
enterprises, each having approximately 20 to 30 staff (both furniture
makers and accounting/administrative staff). All these manufacturers are
each producing small quantities of standard furniture items to their own
characteristic designs, as well as custom-designed items for clients who
approach them directly. In particular, they each specialise in the use of
Australian timbers. Each furniture manufacturer sells directly to the public
at their factory warehouse, and a couple have arrangements to sell through
specialist furniture outlets that are local to South Australia.

A number of concerns have arisen. Primarily, they are producing more
furniture items than they can sell. The large-scale consumer market is being
swamped by cheaper imported furniture. They do not see themselves as
competing directly against this cheap furniture, however. The major
problem is that they have a marketing presence in South Australia for their
more costly, higher quality items, but they have no visibility in the eastern
states where the majority of buyers are. Indeed, they believe that the South
Australian market is essentially saturated. For some of the manufacturers
it has become a matter of find new markets or go under!

To go outside their present marketplace, however, they realise that they
need to build a framework of organisational and industry cohesion. They
need to link in a more efficient fashion to their timber suppliers, to the
transport companies (e.g., historically, they have been using local transport
companies, but they need to network to larger freight companies across the
eastern half of the country), and to furniture retailers who have a presence
in the eastern states. In addition, and underlying all this, there is a need to
market themselves and the products they offer more vigorously in the
eastern states.

They also recognise that if they are to move forward in a more concerted
fashion,they need to carry out their operations in a more controlled
fashion,tracking the performance of all aspects of their operations to
support planning and tuning of all aspects of the operation of their supply
chain.
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Figure A1. Rich Picture for the “Furniture Manufacturers’ Problem
Situation”
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Representatives of each of these five manufacturers have made an
appointment with the consultancy team to seek advice and support on how
they might, through cooperation across the entire specialist furniture
supply chain, build and service markets in the eastern states that will lead
to increased profitability for all. To come this far has been a major step, as
to date they have been competitors and so have jealously guarded their
arrangements with timber suppliers and the designs that make their particular
furniture products unique.

Stage 2: Problem Situation Expressed

The analyst, together with stakeholders, might proceed to express the complex
situation above as a rich picture, as shown in Figure A1. Note that such rich
pictures are most often hand-drawn, as they are intended to open up discussion
rather than form substantial study deliverables as might appear in a final report.

Stage 3: Root Definition of Relevant Purposeful Activity Systems

Study of the rich picture might lead the analyst, in discussion with stakeholders,
to identify many possible relevant systems that might be modelled. A sample of
the relevant systems that might be identified, grouped as primary task and issue-
based, include:

Primary Task:
• A system to transform trees into furniture owned by members of the

general public
• Others are possible.

Issue-Based:
• A system to market specialized/custom furniture in established areas
• A system to find new marketplaces in new areas
• A system to build trust and cooperation among cooperating partners
• Others are possible.

If the analyst chose to concentrate on the primary task system named above, the
following CATWOE elements and root definition might be developed:
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CATWOE Analysis—A system to transform trees into furniture owned by
members of the general public:

• (C)lient: The public that wishes to purchase timber furniture
• (A)ctor: Management and employees of all tiers of the timber furniture

production and retail supply chain
• (T)ransformation: Unharvested Trees � Timber furniture purchased by

members of the general public
• (W)orldview: Cooperation and coordination of all tiers of the timber

furniture production and retail supply chain can be of financial benefit to all
participating bodies

• (O)wner: The controlling principals of each participating body in the timber
furniture production and retail supply chain

• (E)nvironment: Skilled workforces at all tiers of the supply chain; and
Members of the general public with tastes that can be influenced in timber
furniture products and with finite buying power.

Root Definition—A system to transform trees into furniture owned by
members of the general public. A controlling principals of each participating
body in the timber furniture production and retail supply chain owned, manage-
ment and employees of all tiers of the timber furniture production and retail
supply chain operated system to transform unharvested trees into timber
furniture purchased by members of the general public, recognising that coopera-
tion and coordination of all tiers of the timber furniture production and retail
supply chain can be of financial benefit to all participating bodies. This takes
place in an environment of skilled workforces at all tiers of the supply chain, and
members of the general public with tastes that can be influenced in timber
furniture products and with finite buying power.

Stage 4: Conceptual Models of the Systems (holons) Named in the
Root Definitions

Applying the process outlined in the discussion of soft systems methodology in
the body of the chapter and discussed by Checkland (1999), to the root definition/
CATWOE above, the analyst might develop a model as shown in Figure A2.
(Note: the details of such a model might differ somewhat, depending on the
particular ideas that the analyst recognised as worthy of consideration, but one
would expect the activities to be broadly as shown.) It is suggested also that there
is value in thinking about what might constitute the measures of performance of
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Figure A2. Conceptual model of  “a system to transform trees into furniture
owned by members of the general public”
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the system defined in the root definition. SSM encourages these measures of
performance being expressed as:

• Efficacy (i.e., measuring that the transformation takes place): Number of
furniture items of different types sold;

• Efficiency (i.e., measuring benefit cf cost): Return on investment from the
furniture manufacturing operations;  and

• Effectiveness (i.e., measuring achievement of the purposes expressed in
the Worldview): Cost reductions and consequent profit increases arising
from enhanced cooperation across the supply chain.

Stage 5: Comparison of Models and the Real World

The analyst and stakeholders could now systematically use the activities in the
model to examine the perceived real world. This might be carried out by
completing a table as shown in Figure A3.

Stage 6: Changes: Systemically Desirable and Culturally Feasible

The Comparison Table in Figure A3 could be extended, in consultation with
stakeholders, reflecting on the comparison, to include the columns:

• Possible responses (Activities);  and
• Possible responses (Technology).

The changes to activities and technologies listed could then be filtered to identify
those that are feasible, given the social and political culture of the organisation
(as determined by carrying out Analysis One, Two, and Three studies described
by Checkland and Scholes, 1990).

Stage 7: Action to Improve the Problem Situation

The recommended actions from Stage 6 will then be undertaken. In principle, the
cycle of SSM can then begin again to generate further ideas to improve the
problem situation.
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Figure A3. Sample from possible Comparison Table (only Activities 1 and
2 are shown)
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Chapter XI

Integrated E-Enterprise
Supply Chain Security

Design and
Implementation

Stephen C. Shih, Southern Illinois University, USA

Michael Camarata, University of Akron, USA

H. Joseph Wen, Southeast Missouri State University, USA

Abstract

Web technology has enabled many organizations to form an e-enterprise
for effective communicating, collaborating, and information sharing. To
gain competitive advantages, it is necessary for e-enterprises to integrate
the entire lines of business operations and critical business data with
external supply chain participants over the Web, which may introduce
significant security risks to the organizations’ critical assets and
infrastructures. This chapter reports a case study of e-service security
design and implementation at a leading U.S. company. First, the chapter
reviews security concerns and challenges in front-end e-business and
back-end supply chain operations. This is followed by the analysis of the
company’s e-service and its security problems. The case then presents an
integrated e-enterprise security methodology to guide the company for
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meeting its security needs. The results of this case study provides security
professionals with practical steps and sustainable solutions for tackling
the unique security challenges arising in an open, unbounded e-enterprise
supply chain environment.

Introduction

Information technologies (IT) have brought about tremendous changes to the
way businesses operate. Many of these changes revolve around and are
concerned with the way firms interact with other participants operating as part
of their supply chains (Parker & Russell, 2004; Shakir & Viehland, 2005).
Competitive pressures are bound to make faster and leaner supply chains a
primary goal for manufacturing, distribution, and retail companies. But even as
this is occurring, there are further demands to incorporate supply chain agility,
adaptation, and alignment all across the system. The potential of using the
Internet as a new commercial communication channel has been widely explored.
However, a critical assessment of its e-commerce integrated e-enterprise
security has just started to receive attention.
Recognizing this vexing security issue, it is obvious that the effective manage-
ment of e-enterprise security at an organizational level is important (Dess,
Rasheed, McLaughlin, & Priem, 1995; Forcht, Saunders, Usry, & Egan, 1997).
Nevertheless, due to the wide dispersion of the Internet-based networks, there
has been a scarcity of e-enterprise security management guidelines for the e-era
organizations. Without proper security management, each type of Internet-
based online e-business exchange may raise significant issues and concerns,
which threaten the system’s fundamental strategic objective of establishing a
secure trading environment between the organization and its e-business counter-
parts (customers, suppliers, and other business partners.
Increased uncertainty and risk threatens to cancel a significant portion of the
benefits gained through enhanced supply chain collaboration in the form of
increased openness and system-wide information access. Risk increase always
carries with it increased costs. Higher risk requires a greater risk premium. Such
premium increases are reflected in the total supply chain cost structure as
greater value chain costs, which, in turn, lower the realized benefits and added
value of systemic transparency.
Over the years, researchers have debated on different perspectives of informa-
tion security and e-business security (Brunnstein, 1997; Stix, 2005; Yngstrom,
1995). Lichtenstein and Swatman (1997) suggest that the risks must be managed
through policies, other management steps, and technical measures. An e-
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business security policy is the medium by which e-business security require-
ments for the organization are specified, and the means by which guidance and
rules are provided to e-business participants within the business. They further
stress that  the development of an Internet strategy should direct usage towards
the continuous alignment and realignment of business processes with business
objectives. Otuteye (2002) stresses the significance of corporate information
security management and hypothesizes that effective e-business security deci-
sions have to be part of an overall corporate information security and risk
management policy. While most studies in network security to date have
emphasized technical solutions, recent literature has been reflecting an emer-
gence of a limited number of studies that incorporate behavioral considerations
and technological approaches to security management methods, principles, and
models (Guttman & Bagwill, 2003; Lichtenstein & Swatman, 1997; Microsoft
Corporation, 2004; Rannenberg, 1994; Tan & Thoen, 2000; U.S. GAO, 1998).
These studies gathered data and learned from “best partnering” experiences and
offered “…a process for aligning expectations and determining the level of
cooperation that would be most productive…” (Sakaguchi, Nicovich, & Dibrell,
2004, p. 3) to supply chain partners. The data clearly points out that firms wishing
to realize performance outcomes that meet expectations must understand their
compelling reason(s) for partnering. If parties to any proposed supply chain
system partnership understand their unique needs and then share their needs and
expectations up front with their partners, levels of anxiety and fear would lessen
and a mutuality of interest culture could begin to develop. In a supportive, trusting
environment, previously hidden information and actions are brought into the
open, driving costs throughout the supply chain lower.
All parties in such a system learn that each participant will be rewarded fairly and
equitably in the long run by working within and for a partnership. Such
expectations and conclusions are supported by the work of Becker (1960) and
Butler (1991, 1995), who found that investments in building social capital build
trust and trust provides the foundation for commitment. As the dynamics of the
marketplace shift, required changes in the system and incentives for members
are adjusted to maintain alignment, equity, and balance. With trust and commit-
ment firmly established, partners can openly signal each other that equity within
the system will remain a priority. Equally, suboptimization would be frowned on
since it would threaten basic social understanding and commitment and would
become an added cost to all players. Thus, agency theory would work to the
benefit of the overall performance of the system. Opportunism, once identified,
would lead to future system membership exclusion, a very harsh penalty in an
increasingly interconnected marketplace.
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It is apparent from the direction that current research is moving that behavioral
considerations will, of necessity, need to be part of any such system. What is also
apparent is that people and their actions are very difficult if not impossible to
quantify. Accordingly, relationship and trust building become necessary ingredi-
ents to any long-term successful supply chain partnership or alliance. Their part
in building a security management framework is aimed more at preventing
security breaches internally by building and enhancing intersystem relationships
based on trust, commitment, and mutuality of interest.
The remainder of this chapter is organized as follows. An overview of the case
company background and the analysis of its security problems are presented
next. The following section describes the integrated security solutions that
emerged from the analysis phase of the research. The last section briefly
concludes this chapter. Issues relating to behavioral based security concerns will
be addressed as they become apparent within the context of overall supply chain
system analysis and security protocols.

Problem Analysis

HVAC is a leading U.S. company in manufacturing and sales of heating,
ventilating, and air conditioning systems and products. Headquartered on the
East Coast, the company has over 45,000 employees in 150 countries. With
approximate $8.9 billion in annual revenue, the company offers a wide range of
choices for air conditioning/heating products and refrigeration units in three
major areas: (1) home heating and cooling systems (e.g., air conditioners, heat
pumps, furnaces, programmable thermostats, humidifiers, air cleaners, and
ventilators), (2) commercial/industrial heating and cooling systems for business
office and school buildings, and (3) commercial refrigeration and transport
refrigeration systems (i.e., truck/trailer and container refrigeration equipment,
and transport air conditioning systems for the bus, rail, and marine industries).
With a worldwide network of hundreds of distributors and thousands of dealers
who sell, install, and service its products in over 150 countries, the company
designs and manufactures its HVAC products in 20 engineering centers and over
100 plants spread across five continents. Within the U.S. and Canada, the
company has over 90 service offices, with 12 or so service technicians in each
local office. In each office, there are one or more service supervisors and a
service administrator.
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e-Service Initiatives

In 2001, some of the company’s business partners were signing up for the virtual
trading marketplace. One of the foremost e-business initiatives of the company
has been to deploy the Web-enabled “e-Service” system (Figure 1) for the
purpose of enhancing productivity and customer services, specifically for its field
service offices in U.S. According to the vice-president of its Global Service
Division, “the e-Service has provided a viable mechanism for tracking custom-
ers, job sites, equipment, and service contracts.” The system also allows office
supervisors to effectively assign maintenance tasks to individual technicians and
track the progress of those tasks. Furthermore, the system provides supervisors
and technicians with the capability of tracking and managing necessary parts,
components, and tools on a real-time basis.
The e-Service offers Web-enabled operations and exchanges between the
company and its customers, dealers, and components suppliers. It is a worldwide
federation of over 600 stores that constitute the world’s largest heating,
ventilating, air conditioning, and refrigeration supplies organization. These stores
make up a true “one-stop online store” for parts and supplies in the industry.
Under the centralized management of the company’s component replacement
center, suppliers, dealers, and customers can access an electronic information
catalog of over 100,000 parts.
HVAC has also recognized that wireless connectivity has great potential to
revolutionize the industry fundamentally. Recent data show the availability of
wireless solutions for mobilizing Web-enabled e-commerce applications. In the
company, the growing number of mobile users (mostly field service technicians)

 

eBusiness
Partner

Networks

Customer
Networks

Technician
Networks

Business Process Integration

Information Systems Integration

Value Chain & Supply Chain Integration

ee--ServiceService

B2B Portals

Service
Office

Networks
Equipment
Networks

Figure 1. e-Service systems



Integrated E-Enterprise Supply Chain Security   291

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

has been triggering wide exploitation of wireless Web. With the marriage of
Internet and telecommunications technologies, both the company’s employees
and business partners are able to access the Web from a greater variety of
devices, including both the traditional computer devices and mobile devices like
personal digital assistants, mobile cellular telephones, and enhanced pagers.
Along the line, a full-scale deployment of mobilized Web-driven applications and
services is becoming one of the spotlights in the company. What is missing in its
enthusiastic acceptance of the benefits of openness and disclosure is a critical
assessment of the potential downside costs in terms of security risk and long-
term asset diminishment.
Whipple and Frankel (2000) relate that there is consensus in most industries that
as many as 75 % of the participants in alliances felt that the expectations they
held going into the alliance were not met. Such outcomes suggest that partici-
pants in a supply chain collaboration, which simulates a broad quasi-alliance,
should proceed with their eyes wide open. They have access to data and
information about potential alliance partners from industry networks and many
areas of business that can be used to generate behavioral expectations of both
insiders and other parties to the supply chain collaboration. Again, relationship
and trustworthiness must be factored in to create a reasoned, balanced approach
between granting a new member unbridled openness and access and allowing the
member selective sharing adjusted as firm or trusted intermediary experience
warrants.

Security Concerns in B2B Supply Chain Interactions

The executive managers of the company have recently recognized the great
potential of using the Internet technology as a powerful weapon to increase the
company’s competitive advantage. Consequently, the company started to pro-
vide its business partners with wider access to its critical enterprise information
for boosting productivity and operational efficiency and delivering services
quickly and satisfactorily—all at the lowest possible cost. As one field service
manager puts it:

The caliber to communicate and collaborate with partners, suppliers,
customers, and employees anytime and anywhere is now a requirement at
the center stage. As a result, deploying the e-Service system is currently the
heart of the company’s e-business initiatives for effective B2B e-commerce.

Although business-to-business (B2B) commercial medium has been widely
explored, a critical assessment of its B2B e-commerce challenges and issues has
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just started to receive attention. Based on surveys on e-commerce-related
security (Cavazos & Morin, 1994; Clarke, 2000; Clarke, 2001; Information
Security Magazine, 2000; Rubin & Geer, 1998), the frequency of security
attacks, incidents, and breaches is far greater for e-commerce companies.
Organizations can not forget that few benefits accrue without some kind of cost,
or, to put it more simply, “there is no free lunch.” The company of study is not
alone in this case. The managers have realized that this new economy of
ubiquitous e-commerce may have introduced new risks and challenges to the
company. As one information technology (IT) manager noted:

One of the important contributors that resulted in the rise in e-commerce
related security incidents has been the “openness” to our business partners.
One of our business partners, such as the first-tier suppliers, in the B2B
supply chain can have access to the company’s highly confidential back-
end enterprise resources, like product design and inventory data. As a
result, the security challenge is about to migrate from securing of individual
network level to protecting the entire virtual network of electronic
marketplace.

While implementing and deploying the e-service, various concerns have sur-
faced confronting the system’s end users, including the field service managers
and the company’s business partners. Among all the concerns raging about the
e-service system, security ranks the highest according to a survey conducted
with a sample of the company’s service offices in North America. The survey
revealed that a majority of the office managers were very concerned about
security issues in the developing and deploying e-business environment due to
many reported incidents in recent years. In fact, based on the recent incident
reports collected in this study, new hostile tactics and more sophisticated means
of security threats were reported more frequently than ever before.
Before responding from an “under siege” mentality or in a knee-jerk fashion,
firms need to recognize that some degree of their concern can clearly be
attributed to fear or lack of trust between alliance partners or to their own level
of “trust propensity.” Mayer, Davis, and Schoorman, (1995) document this in
their model of trust. Three factors are critical in building trust or perceived
trustworthiness: (1) ability, (2) benevolence, and (3) integrity. A fourth moder-
ating influence is the trustor’s propensity to trust (Mayer et al., 1995). Willing-
ness to act in the face of perceived risk was shown to shown to be influenced
by the presence of trust. Outcomes were, in turn, influenced by relationships that
created a willingness to be vulnerable as indicated by risk taking.
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A second way of conceiving trust between members of a system is to deconstruct
the concept—trust—into three levels: (1) cognitive, (2) affective, and (3)
covenantal trust. In this approach, cognitive trust is based on clear evidence of
compliance with mutual expectations. It is a quid-pro-quo, tit-for-tat understand-
ing of trust. “A” acts in a way that is acceptable to “B,” so “B,” based on
concrete, observable transactional behavior, trusts “A.” Affective trust, how-
ever, requires the trusting party, “B,” to choose to act favorably towards “A”
before “A” actually acts, introducing a willingness on the part of “B” to risk in
the face of uncertainty. Often, there may be previous experience with “A” but
not within the decision arena facing “B.” “B,” in the process of choosing to trust
“A” in the face of risk, commits to an affective relationship with “A,” cementing
a deep union between the parties. Assuming “A” acts appropriately and
positively toward “B” within the boundaries of the risk taking, the bond is
reinforced. Affective commitment is not easily given nor easily broken. In the
business setting, the third level of trust, covenantal (intimate) trust, is rare. It
sometimes can be seen in the Middle Eastern and Asian concept of “Old Friend.”
Recently, the number of business applications and databases being deployed for
intranets and extranets in the company’s supply chain continues to grow rapidly.
However, with the same distributed nature as that of the Internet-based system,
an intranet/extranet-driven supply chain network is always a conspicuous target
of security attacks. One financial manager related this concern in the following
statement:

Doing business through the Web-enabled supply chain network can open
the possibilities to some significant security threats. For instance, financial
transactions may be interrupted or misdirected by the hackers or crackers.
Collaborative supply chain information may introduce the opportunity of
revealing sensitive intellectual property to competitors. Logistics information
can be illegally used to disrupt normal transportation operations. Attackers
can break into an organization’s or its partner’s supply chain infrastructure
and may disrupt or totally paralyze its business operations and functions.

One IT manager further added his comment:

After the 9-11 incident, supply chain security has now involved attacks via
global supply chain networks. The company is now forced to reevaluate its
security management model, infrastructure, and policies that were already
in place and to examine if they should be strengthened or redesigned. The
stakes can be extraordinarily high from serious security attacks on the e-
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enterprise supply chain network. Accordingly, when our company is
reaching out to each other via the Web-based supply chain network, the
security should be properly controlled and managed beyond just perimeter
protection.

To address these issues, information security analysts and logistics experts have
to work together to confront this reality immediately. Eventually, the security
measure should cover the entire supply chain of players including manufacturers,
suppliers, suppliers, contractors, warehouse providers, and air, sea, and land
carriers. A guideline on security recommendations should be available for
manufacturers, importers, brokers, air carriers, land carriers, and sea carriers.
For manufacturers and importers, these recommendations should cover physical
security, access controls, procedural security, personnel security manifest
procedures, conveyance security and education and training awareness.
The advent of wireless computing and Internet technologies have significantly
changed the way the company’s data is stored, accessed, and shared. With the
wireless-enabled e-service system, the company is able to implement a more
open and distributed information-sharing model for the purpose of leveraging the
power of collaboration and network connectivity, as well as enabling closer
relations and communications with its customers and partners. Indeed, wireless
e-commerce technology is opening up tremendous competitive advantages and
exciting opportunities for the company. Unfortunately, this also makes the
company far more vulnerable than ever before to security attacks. As one
security engineer in the research center commented:

After connecting the company’s systems more tightly with those of our
business partners via the wireless Web, we are now realizing that the
dangers of attacks by intruders become increasingly significant, and the
scale of potential damage also rises in magnitude. Mobile workers in
particular can be vulnerable, as hackers set off attacks through wireless
communications channels against the company’s and its business partners’
networks.

In other words, the recent proliferation of wireless communications has raised
the security stakes further. This phenomenon has made its way firmly into the
supply chain applications, such as wireless logistics and warehousing implemen-
tations, wireless financial transactions, and sales force automation using mobile
devices. Unfortunately, the inherent strengths of wireless access in a supply
chain are also the source of its biggest vulnerabilities. This issue was clearly
emphasized in a comment made by one IT manager in a discussion session:



Integrated E-Enterprise Supply Chain Security   295

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

Mobility is a clear benefit that wireless communications brings to supply
chain communications. However, it can also result in great network
exposure and rogue access. Unlike hard-wired systems, unauthorized
listeners can easily compromise or tamper data transmitted over wireless
media without having to gain physical access to the network infrastructure.

He further remarked on one myth of wireless communications security:

The company has long recognized security as a significant issue in the
implementation of B2B e-commerce; nevertheless, for many people, there
does not seem to be a related concern with security for wireless
communications due to the false perception that wireless technology is
inherently safe if the wired infrastructure has been properly safeguarded.

All things considered, this means that the requirements for a complete supply
chain security solution must also include the protection of users and resources,
whether wired or wireless, as funds are electronically transferred, online trades
are made, and sensitive business information is shared between collaborative
partners.
Failure to develop a security system that protects users and resources would be
catamount to throwing away the potential supply chain gains realized from
mutual openness and sharing. Such gains and benefits can be substantial. For
example, where openness and sharing is complete, a supplier can maintain supply
chain compliance at much lower inventory levels, reducing system costs and
increasing system profitability. It has been estimated that as little as a 1% drop
in required inventory can translate into millions of dollars in savings in the system.
Mutuality of interest creates a sense of belonging that lessens any need for
“hidden actions” and lowers the probability for agency theory behaviors to be
exercised. The supply chain system belongs to the whole, and like any group that
is unified around a super-ordinate goal, it performs both efficiently and effec-
tively.

The Need for an Integrated Security Management and
Control Measure

According to the concerns raised by the vast number of managers of the
company, security has become an essential part of planning, implementing, and
managing the e-service system. Nevertheless, as one executive manager noted,
“the security issue that the company faces is very compound and multifaceted.”
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She explained:

First of all, with wide deployment of distributed client/server and Web-
enabled networks, we find it much more difficult and laborious to effectively
safeguard our critical networks, applications, and data. Secondly, the
need to connect and collaborate with our partners, suppliers, customers,
and employees anytime and anywhere has dramatically increased the
complexity of managing network and systems security. Thirdly, field service
technicians not only work from branch offices, but from the service sites,
or from the road. Managing access policies for remote connectivity
requires great flexibility to apply proper security policies to different types
of connectivity. Finally, security in B2B e-commerce environment involves
not only the computer where data start off, but also multiple points
throughout various networks through which the data pass.

She further commented, “in the meshes of supply chain networks, a security
implementation is only as secure as its weakest link.” Because of this truism,
security approaches need to recognize that people and their rational and
sometimes irrational behavior must be fully considered in the construction of any
security management infrastructure. As a result, to take advantage of the
benefits from implementing the e-service system, the company needs a secure
IT infrastructure that can minimize security risks and further decrease the costs
of security management and operations. More than ever, the company needs to
leverage state-of-the-art security solutions that will reduce risks while enabling
flexibility and adaptability to ensure a proper balance for the corporate security
strategy and policy. However, due to no coherent enterprise-wide Web security
management method and standard currently existing in the company, the
network administrators can only be responsible for various segments of the
company’s network infrastructure, simply pursuing their own solutions and
developing their own autonomous security measures and policies to meet the
urgent needs. Addressing this need, an integrated e-enterprise security manage-
ment methodology is adopted to help the company identify its security exposures
and provide the right security tools and controls, especially for a secured e-
business environment.
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An Integrated e-Enterprise
Security Methodology

An e-enterprise security methodology was collaboratively developed by the case
study team and several research engineers of the company’s research center to
address the security needs. The methodology is made up of four major stages:
(1) establishment of a baseline model, (2) development of a visual security
scenario simulation model and decision-support system, (3) development of
security information systems architecture, and (4) demonstration and validation.
These major tasks with associated milestones and steps are listed in Figure 2.
The methodology adopted the concept of “survivability” (Lipson & Fisher, 1999)
to protect highly distributed enterprise systems and critical organizational assets
from being comprised. Survivability is defined as the capability of a system to
fulfill its critical mission in a timely manner and in the presence of attacks,
failures, or accidents (Mathy, Edwards, & Hutchinson, 2000). Furthermore, the
methodology can be considered an “emergent property” (Ellison et al., 1999;
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Figure 2. An integrated e-enterprise security methodology



298   Shih, Camarata, & Wen

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

Hinton, 1997) that portrays a notion that an end-to-end security control cannot
be achieved at the level of atomic model components, since each component
corresponds to a single point of failure for its own survival. In other words, the
creation of a reliable security control and management model from atomic
components may be less reliable than the composite model. As a result, a holistic
approach is embraced to ensure the unification and congruousness of the new
security methodology. HVAC accepted the methodology and designed its e-
service security accordingly in the following four steps.

Step 1: Security Baseline Establishment

In this initial effort, emphasis is placed on the development of a baseline model
to ensure that the identified security concerns and issues are properly addressed.
Specifically, this task is composed of three important steps: (1) field research and
observations, (2) security requirements definition and baseline development, and
(3) emerging security solutions evaluation. Observations and note taking by the
field technicians working at the service sites were also made throughout the
study. In addition, several interviews were conducted with many office super-
visors and service technicians in the Northeastern offices for the purpose of
generating an explicit baseline of the intended enterprise-level security model, as
well as alternatives to the baseline. The field notes from the observations were
used to verify or elaborate on the interview data. Potential obstacles inherent in
each alternative were also identified in a brainstorming session. Meanwhile, a
development plan was developed for reducing potential risks associated with
each alternative. Furthermore, with references to the work of several industry
consortia—including the Global Mobile Commerce Forum, the Mobile Wireless
Internet Forum, and the WAP (wireless application protocol) Forum—a compre-
hensive set of wireless security requirements were outlined to address specifi-
cally the first findings of the field research report.
As a key milestone, detailed functional requirements for the proposed security
model were developed, along with a baseline statement. This document consists
of the formulation of essential model functions, assessment of dependencies
among various model components, evaluation of alternative solution models,
estimation of value, and risk associated with each alternative solution model. As
a supplementary effort, part of this task was to evaluate the effectiveness of
many real-life security management practices and supply chain security stan-
dards in practice. A number of prototype models were developed to perform the
benchmarking of these business practices and evaluate the hypotheses.
After a series of discussions, the management team decided that the security
solutions for the e-service system should be developed around open industry
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standards and be highly scalable, fully manageable, and extremely resilient. For
instance, with regard to WAP security technologies, mobile commerce on WAP-
phones should be secured by Java and wireless identity modules (WIM). The
WIM will secure Internet transactions by placing encryption and digital signa-
tures to authorize online transactions in the hands of mobile Internet users (field
service technicians). With multi-tasking, logical channeling in WIM, mobile users
are allowed to pass from one e-service application to another without losing
transactions that have already been carried out. In addition, Ericsson’s Bluetooth
wireless wallet is proposed for development of the payment module for mobile
e-commerce. A smart card can be inserted into the wireless wallet, which can
then connect to mobile devices through Bluetooth technology. Mobile devices
can then communicate via short-range radio frequency rather than cables.
Unlike an encryption-enabled browser, the secret keys handling the encryption
remain in the user’s smart card. Table 1 presents a partial list of suggested
security solutions for eliminating a variety of potential security risks.

Step 2: Development of Security Scenario Simulation
Models

This task reveals that the exchange of electronic business documents in e-
service operations poses a unique set of security challenges, especially on the
Internet where parties are often known to each other only through their presence
on the network, not in person. To be considered secure, a lab-controlled
infrastructure was setup to simulate various scenarios of exchange to address
different security concerns. To fully seize the essence of the e-service security

Table 1. Partial list of potential security risks and their solutions

Potential security risks Solutions 

Insecure information access Establish a information access control list (IACI) and 
encrypt passwords in certain network interfaces 

Unauthenticated and 
unauthorized access 

Use multilevel password controls  

Multiple-point access 
controls  

Use improved configuration architecture with trusted 
switches on top of public key infrastructure (PKI)-based 
authentication 
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model, conducting a series of experimentations is indispensable. This effort is
carried out by first formulating pertinent experimental conditions and security
incident scenarios under which the security model behavior is simulated. The
experimentations helped HVAC management figure out the ways to enhance the
model with desirable performances and characteristics.
Two primary Web interactions are simulated in this study: person-to-system
(P2S) and system-to-system (S2S). Each e-business transactions can take place
in the context of a bilateral (private) or multilateral exchange. In multilateral
exchange, the company’s customers and suppliers can process online transac-
tions through either private corporation e-business channels or via semiprivate,
Web-enabled exchanges. The study shows that each type of exchange may raise
different issues threatening the objective of establishing a secure trading
environment between the company and its e-business counterparts (customers,
suppliers, and dealers). Figure 3 shows the P2S and S2S Web interactions that
include the following flow of communications and exchanges.

• Service Work Order (SWO): A P2S interaction, including (1) wireless
reception of SWO details on mobile device from e-service database, and (2)
wireless transmission of work order status.

• Customer Service Form (CSF): An S2S interaction, consisting of such
tasks as (1) electronic completion of CSF, (2) electronic customer sign-off
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Figure 3. Wireless e-service operations



Integrated E-Enterprise Supply Chain Security   301

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

of work done, (3) wireless transmission of completed CSF to e-service
database, and (4) storage of CSF information in database.

• Diagnostics and Prognostics (D&P): S2S interactions from D&P
server to add tasks to existing planned work, as well as interactions from
D&P server for raising pure diagnostics and prognostics work orders and
pulling in existing schedule jobs.

• Part ordering transactions between technicians and suppliers/deal-
ers: P2S and S2S interactions.

• Communications between service centers and equipment: S2S
interactions.

It is vital to safeguard each point where security can potentially be breached.
Identifying the points of vulnerability is one of the keys to securing the company’s
network infrastructure and critical enterprise resources in an open and distrib-
uted computing environment. In order to isolate different points of vulnerability,
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it is essential to analyze the data traveling through the entire e-service networks.
There are two basic setups of data flow analysis that ought to be conducted. The
first setup is to analyze the data stored on a local computer, the operating system
of which is the primary provider of the necessary security services for the
protection task. Analyzing data traveling across communication points is the
second key scenario to perform for points of vulnerability assessment. Data
traveling between network locations should to be secured in a different manner,
which mostly entails encrypting the data. Basically, this data traveling the
network is in one of two forms: data in the form of network packets coming into
a system, or data exiting the system. Protecting data coming into the e-service
system involves safeguarding both the data itself and the system against threats
posed by the data once it has entered the system. Major protection tasks in this
case encompass a system check to ensure that the data comes from an
authorized source and that it can execute only authorized tasks. Protecting data
departing the system deals with ensuring that it arrives at its destination in exactly
the same format in which it was sent. The session and data type, as well as data
content, must be undecipherable by a third party to preserve confidentiality.
To better understand the behaviors of each identified security threat, five key
security scenario simulation sessions were conducted. They are illustrated in
Figure 4. For each simulation session, rules can be configured according to
predefined security policies to execute any number of automated actions when
a certain simulated security scenario is activated. Meanwhile, multiple responses
can be configured for each scenario, ranging from generating notifications
delivered via e-mail, pager, or other mobile devices, to setting off automated
corrective actions. The five key security scenario simulation sessions are briefly
discussed next.

Scenario 1: Authentication, Authorization, and Accountability

Authentication – Testing the entity that the company is dealing with is either
the entity it claims to be or an impostor trying to engage in fraudulent activity via
authentication of the parties involved in the transaction.

• Simulation process: Verifying that users are who they claim to be when
logging onto a system. Generally, the use of user names and passwords
accomplishes this. More sophisticated verification would involve the use of
smart cards and retina scanning.

• Solutions: Using a digital certificate issued and verified by a Certificate
Authority as part of a public key infrastructure to perform authentication on
the Internet. Enhanced authentication services include: on-site verification
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and hardware-based authentication. In addition, for means of verifying
one’s identity, smartcards are proposed for holding digital certificates and
private keys. One reason a company might be reluctant to embrace the
technology is the trouble and expense of retrofitting the existing corporate
infrastructure with smartcard readers. A comparison of authentication
solutions in terms of implications and implementation is shown in Table 2.

Authorization – The process of authentication does not grant the user access
rights to resources—this is achieved through the authorization process.

• Simulation process: Logically, authentication precedes authorization
(they may often seem to be combined). The process of allowing only
authorized users access to sensitive information. An authorization process
uses the appropriate security authority to determine whether a user should
have access to resources.

• Solutions: Using a digital certificate issued and verified by a Certificate
Authority as part of a public key infrastructure is considered likely to
become the standard way to perform authentication on the Internet.

Accountability – Ensuring the enforcement of accountability by applying
relevant security policy agreements among different systems users via simula-
tion of how the users should be accountable and what proper actions to take.

Table 2. Comparison of authentication solutions

Proposed 
Solution 

Security 
Purpose 

Implications/concerns Implementation  

smartcards User 
identification 
verification 

The trouble and expense of 
retrofitting the existing 
corporate infrastructure with 
smartcard readers 

To equip wireless phones and 
other handheld devices with a 
slot for a smartcard  
 

the use of 
proxy 
servers 

Eliminating 
the Gap in 
WAP 

 To eliminate the WAP gap via 
a client-side WAP proxy 
server that communicates 
authentication and 
authorization details to the 
wireless network server 
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• Simulation process: Authentication, authorization, and accounting (AAA)
construct a framework for intelligently controlling access to the enterprise
resources, enforcing security management policies, auditing usage, and
providing the information necessary to bill for services. These combined
processes are considered important for effective network management and
security.

• Solutions: AAA services are often provided by a dedicated AAA server.
A current standard by which network access servers interface with the AAA
server is the remote authentication dial-in user service (RADIUS).

Scenario 2: Confidentiality and Privacy

Confidentiality and privacy – Testing and ensuring that confidentiality is
protected in communications and that sensitive information remains known only
to the parties involved in the transaction.

• Simulation Process: To test the causes of confidentiality compromise and
poor security measures (e.g., allowing anonymous access to sensitive
information or information leaked by personnel). Other simulation sce-
narios on possible attacks on confidentiality include data aggregation, social
engineering, inadvertent disclosure, convert channels, and interception of
information.

• Solutions: Cryptographic algorithms.

Scenario 3: Data Integrity

Data integrity – Prevention of erroneous modification of information.

• Simulation process: This process involves a bidirectional simulation to
verify that transactions sent or received in an e-commerce exchange
remain exactly as intended, without modification by either fraud or network
error. A number of tests are conducted on various attacks of data integrity,
including authentication attacks, content-based attacks, protocol attacks,
abuse of privilege, exploration of backdoors, and session hijacking. This
simulation reveals that authorized users are probably the biggest cause of
errors and omissions and alteration of data. Another finding discloses that
storing incorrect data within the system can be as bad as losing data.

• Solutions: Digital signature.
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Scenario 4: Non-Repudiation

Non-repudiation – Ensuring the recipient of an electronic communication that
the sender actually sent the information and that it has not been forged.

• Simulation process: This process is to simulate the creation of the same
level of binding commitment with an electronic communication as with a
signed contract, invoice, or other physical document.

• Solutions: (1) digital signatures, in conjunction with the digital certificate
of the sender, for providing the highest level of assurance regarding the
identity of the sender of the document and providing a high degree of
certainty that the message was not altered in transit; (2) digital signatures
and certificates of the server (to be used in the response messages or
notifications sent back to the sender for providing proof that the response
is definitely coming from the server); and (3) an event log (stored on the
application server) allowing the user or system administrator to track the
activity regarding a particular message.

Scenario 5: Availability

Availability – Preventing unauthorized withholding of information or resources.

• Simulation process: A series of tests were conducted on simulating the
attacks on availability via denial-of-service (DoS), interference, jamming,
audit suppression, etc. In addition, the simulation helps ensure that particu-
lar system resources, from the level of the individual database that contains
data, to the entire network, are fully available to authorized users, but
unavailable to anyone else.

Step 3: Development of Security Information System
Architecture

Using the simulation results from Step 2, specific information system architec-
tural capabilities were identified for the e-service system to sustain a high-
performance, end-to-end security solution to the rigorous requirements in the
previous five simulated areas. A conceptual diagram of e-service information
system architecture is depicted in Figure 5.
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To enable the company to analyze security needs, it is crucial to first assess the
entire network architecture as a whole and then separate the architectural
structure into separate security entities in physical and conceptual forms.
Security exposure can then be identified and, in turn, specific security measure
can be performed for each security entity.
Five distinct security entities are identified in the e-service network with regard
to possible points of vulnerability: (1) the front-end systems, (2) wireless
network, (3) Web-access server, (4) wireless application protocol (WAP)
gateway, and (5) back-office systems. These five areas of vulnerability and
associated security management strategies constitute the baseline requirement
of this case study. Table 3 lists several essential Web security capabilities
documented in the baseline report for securing the Web e-service operations in
these five areas.

Step 4: Demonstration and Validation

A validation process was performed to test the existing security designs and new
ones. Empiricist and rationalist approaches (Law & Kelton, 1991) were adopted
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to achieve this goal. While an empiricist’s approach was used for model-validity
checking on the existing designs, a rationalist’s approach was employed for the
new design components. With the empiricist’s approach, the performance
results generated by the security management scenario simulations were then
compared with historical security incident data in the real-life environment.
Hypothesis tests were used to determine if the differences between the various
performance results were statistically significant. For the new security designs,
since historical security data was unattainable, these designs were closely
examined and their assumptions were properly updated and justified.

Conclusion

Complexity is inherent in most real-world problems, including the case study
presented in this chapter. The complexity of supply chain management is
aggravated by the immense interwoven relationships among vast number of
system entities in the inter-enterprise environment. Modeling such a super-
complex security system in a supply chain involves mapping out all the potential
security risks, threats, uncertainty, and attack scenarios in the simulation models.
The integrated security management methodology discussed in this case study
provides a viable foundation for building a secure and manageable computing
environment. Furthermore, implementing the security management methodology
has served to help the security specialists zero in on different critical security
management jobs in a sequential but interrelated and logical manner. In turn, in-
depth understanding of the potential environmental risks can be properly
acquired. The methodology can further help security managers to perform a
proactive analysis of the consequences of security breaches in relation to risks.
Incorporating security measures into all aspects of the e-enterprise network, a
set of meticulously planned security management strategies can then be devel-
oped based on the analysis.
As a powerful mechanism, the security management methodology presented in
this case study can be adopted by a wide range of business practitioners—from
security administrators, network designers, supply chain managers, to e-business
managers—who are required to understand, manage, and evaluate security
solutions in a complex supply chain environment. Nevertheless, the aim of the
methodology is not to provide a recipe book with predetermined steps on security
management practices for all possible scenarios. Practically, it renders a unified,
structured framework that helps e-enterprise managers develop an actual
security plan and solutions. It can also be used to review the current security
standards, practices, and configurations in response to special security require-
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ments and long-term e-enterprise needs. Ultimately, it will lead to sound and
feasible solutions to the intractable security problems and, in turn, help the
organization achieve its security objectives and meet stringent security require-
ments in a super-complex supply chain environment.
Besides the technical aspect of the security management in a supply chain
discussed in this chapter, an equally important organizational issue—trust among
business partners—should be dealt with in the future research agenda in order
to ensure a truly secure and safer Internet-driven supply chain environment. As
outlined in the text, the supply chain system covers a continuum of trust
relationships, each having a differing degree of commitment to the overall goals
of the system. Because of the variability across the network, both behavioral and
technological approaches need to be considered if an overall e-enterprise
security system is to be built to effectively prevent system abuse and protect all
participants, individually and collectively. The behavioral steps necessary to
lessen much of the internal abuse has been discussed previously in this chapter.
Taking a balanced, more graduated, approach to openness, building trust and
commitment based relationships to lessen or eliminate opportunism, and continu-
ally realigning incentives across the supply chain will create lasting win-win
situations that turn the goals of the system into super-ordinate goals for all
involved. And when each participant realizes it is in his or her best interest to put
the system first, risk from internal security breaches will significantly decrease.
The remaining possibilities for internal abuse and the external risks of abuse can
best be addressed through technology.
To fully utilize the advantages of the open and ubiquitous technology of the
Internet, trust enables extensive cooperative and collaborative endeavors among
various players in the global supply chain. Trust is a key to positive interpersonal
and interorganizational relationships in various supply chain management set-
tings. Furthermore, trust becomes even more central and critical to sustain
everlasting business relationships, especially when a great deal of sensitive and/
or proprietary business data are required to be shared among business partners
over an Internet-based supply chain network. As a result, one of the future
research efforts is to focus on conceptualization of business trust model, which
should be cross-organizational in nature. Research work in other disciplines
(e.g., social science and organizational behavior) on trust will be studied and
compared. Ultimately, the development of a trust-driven security management
methodology is perceived as one vital future research activity for achieving a
truly trusted and trusting supply chain environment.
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Abstract

Increasing strategic importance of logistics-related processes demands a
higher integration of performance management and supply chain
management. Despite the increasing focus on supply chain management
and business collaboration, studies in the area of performance management
still narrowly look at the single enterprise and its “within-enterprise”
processes. Most of these existing studies are losing relevance in today’s
industrial dynamics, where business models, such as that of the supply
chain, are merely the tip of an emerging trend in new organization
alliances, boundary redefinition, and market structures. This chapter goes
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beyond existing work to develop a better understanding of the issue of
performance management from a supply chain management perspective.
The goal is to demonstrate how today’s manufacturing systems and processes
could be measured and managed in the context of the extended business of
which they are part—back through the supplier chain and forward into the
distribution and customer chain. The chapter’s intended major outcomes
for its readers are: a clearer understanding of the concept of supply chain
management through performance, and a process for designing a supply
chain performance measurement system. Additional information emerges
throughout the chapter.

Introduction

Nowadays, market and production globalization and the network- and knowl-
edge-based economy are triggering continuous changes in the way companies
are organized and the way they do business. After four decades of focusing on
optimization of internal operations, companies have realized that they have to
invest in integrating their internal operations with those of their suppliers and
customers. In manufacturing, logistics accounts for an ever-increasing percent-
age of the final product cost, ranging from 6% to 15% of the total turnover.
Managers have finally realized that improving logistics and supply chain manage-
ment (SCM) performance represents an important leverage of competitiveness.
Both management and research emphasis today have, hence, shifted on to:

• Managing flows of information, goods, and knowledge within the supply
chain;

• Managing extended processes within and beyond the single company’s four
walls1;

• Managing performance from a supply chain perspective;
• Creating and managing multidisciplinary teams;
• Deploying integrated information and communication technologies (ICT)

across organizations; and
• Creating and sharing knowledge.
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Goal of the Chapter

The goal of this chapter is to clarify what the previously mentioned change in
focus means in practice, in terms of the processes, methodologies, and tools
needed to support it. It particularly focuses on the process of measuring
performance and the methodologies and tools to use the output of this process,
namely, the performance levels, to manage supply chains. It highlights how, in
the area of business performance measurement, a holistic approach to managing
performance from a supply chain perspective is still missing. Hence, this chapter
more specifically aims to fill the existing gaps concerning the dynamics,
mechanisms, and infrastructure needed for integrated SCM through perfor-
mance.
To improve understanding of how performance should be measured and man-
aged from a supply chain perspective, this chapter answers two important
questions:

• What should be measured?
• How shall it be measured?

The decision of what to measure or how to interpret the performance measures
is neither an easy nor a straightforward task. Lack of understanding of which are
the key success factors or what is the best measure to adopt would most probably
lead to wrong decisions being made. While much has been documented concern-
ing guidelines and rules for the choosing performance measures, there is no
recognised methodology in place that allows an organisation to select perfor-
mance measures in a step-wise, logical fashion. The diverging and often
contradictory needs of firms in different business environments are not amenable
to the creation of a performance measurement selection tool. Performance
measurement selection guidelines are also complicated by the fact that the most
relevant measures for a company to adopt change over time.

Structure

This chapter starts with a thorough interdisciplinary study of SCM through
performance. Existing knowledge is studied, gathered from relevant disciplines,
such as business collaboration, operations management, business performance
management, information and communication management, knowledge man-
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agement, and organizational behaviour. The study highlights the impact of
increasing ICT-supported business collaboration on operations and process
design and on team and knowledge management; in particular, it looks at the
processes of measuring and managing performance. “As-is” and “To-be”
situations are defined, highlighting the gaps and the respective future research
needs. Throughout the chapter, using the findings from the interdisciplinary study
and from observations carried out at a Norwegian manufacturer2 as a basis, a
new concept of SCM through performance measurement is discussed. The three
topic issues that define the concept are: the link between supply chain strategy
and performance indicators; the use of ICT to gather, analyse, and share
performance data; and the indicators’ characteristics. The chapter presents the
concept discussing these three issues. It continues using the guidelines defined
in the first part to present a process for the design of a supply chain performance
measurement system.

Contribution

This chapter discusses how performance management can, when supported by
existing ICT, translate supply chain strategies into both supply chain- and single-
enterprise achievable objectives (“top-down”) developing a set of relevant
performance indicators, and how important is translating single-enterprise
operational performance into valuable inputs to supply chain strategy redefinition
(“bottom-up”).
The contribution of this chapter is twofold: from one side, presenting a state-of-
the-art review of the area of performance management in supply chains, it
contributes to academia, clearly indicating gaps and hence needs for future
research; from the other side, it contributes to practice by presenting ideas that
were developed and tested in an industrial setting by a Norwegian wheel
suspensions manufacturer. It could be useful for student and practitioners alike,
proposing a supply chain performance measurement system model and deliver-
ing a set of management guidelines for managing performance effectively in a
supply chain context.
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Supply Chain Performance
Management Dictionary

Both in business collaboration and business performance management literature
there is a lack of standard understanding of some of the terms used. Neely, Mills,
Gregory, and Platts (1995) argue that performance measurement is a topic often
discussed but rarely defined. Winston (1999) too complains of a lack of
consistency of terms used in performance measurement literature, suggesting
that authors often slip from a discussion about performance measurement to
drawing conclusions about the use of performance indicators, and vice versa.
Therefore, this paragraph aims to establish a vocabulary common to the author
and the reader, of the terms used hereafter:
A supply chain can be defined as a network of organizations involved through
upstream and downstream linkages in the different processes and activities that
produce value in form of products and services in the hands of the ultimate
customer (Christopher, 1998). More simply, supply chains are sets of interde-
pendent firms that have agreed to contribute their expertise towards the
completion and supply of a common end-product, be that goods or services, and
the related information (Jagdev & Thoben, 2001; Simatupang & Sridharan,
2002).
Performance may include inputs (e.g., resource costs), outputs (e.g., products
and services provided to the customer), intermediate outcomes (e.g., customer
satisfaction and the results of new actions taken within the firm), end outcomes
(e.g., changes in product volumes or product quality to the customer), and net
impacts (e.g., the difference a new action—product / process actions, for
example—has made). It may also include unintended outcomes3 (e.g., addi-
tional costs incurred by the firm in response to process changes) (adapted from
Wholey, 1996).
Performance measurement is the systematic assignment of numbers to entities
(Zairi, 1994). It is the process of quantifying the efficiency and effectiveness of
action (Neely et al., 1995). Measuring performance means evaluating how well
organizations are managed and the value they deliver for customers and other
stakeholders (Moullin, 2002).
A performance metric is a number or value that has been directly measured
(e.g., the number of failures per day).
A performance measure or performance indicator is a numerical value that
shows how well each objective is being met. It is a metric used to quantify the
efficiency and/or effectiveness of an action (Neely et al., 1995). That is,
performance measures or indicators are measurable characteristics of products,
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services, processes, and operations that an organization uses to track perfor-
mance (Bititci, Carrie, & McDevitt, 1997). They represent the “vital signs” of
an organization and quantify how well a process or the outputs of a process
achieve a specified goal (Hronec, 1993).
A key performance indicator (KPI) is the actual measure used to quantitatively
assess performance in a limited number of areas in which results, if satisfactory,
will ensure successful competitive performance (see also Sinclair & Zairi, 1995).
The value of a performance indicator can relate to data collected or calculated
from any process or activity, whereas the value of a KPI relates to data collected
from a process or activity that is particularly relevant. Relevancy is here
intended as the ability to show how “good” is that process or activity in relation
to the performance objective under study (see also Ahmad & Dhafr, 2002).
Performance indicators and KPIs are descriptive; that is, they are derived from
the measurement of the performance metric (e.g., percentage of rejects)
(Lupton & Dooley, 2003).
A performance measurement system (PMS) is a set of metrics used to quantify
both the efficiency and effectiveness of actions (Neely et al., 1995); it is a tool
for balancing multiple measures across multiple levels (Hronec, 1993).
Performance management is the systematic use of performance measurement
information to effect positive change in organizational culture, systems and
processes, by helping to set agreed-upon performance goals, allocating and
prioritising resources, informing managers to either confirm or change current
policy or program directions to meet those goals, and sharing results of
performance in pursuing those goals (Amaratunga & Baldry, 2002).
A performance management framework provides guidelines on how to mea-
sure and manage performance. It assists in the process of performance
measurement system building by clarifying performance measurement bound-
aries and specifying performance measurement dimensions or views, and may
also provide initial intuitions into relationships among the performance measure-
ment dimensions. They should not be treated as performance measurement
systems, but, nonetheless, form a good starting point for system building as part
of theory development (adapted from Rouse & Putterill, 2003).
A target is the predetermined desired level of performance against each
measure (Sinclair & Zairi, 1995).
Effectiveness refers to the extent to which customer requirements are met
(Neely et al., 1995). Effectiveness is comparative; the performance results
produced are compared with expected (or actual) results to see how the action
is progressing.
Efficiency is a measure of how economically the firm’s resources are utilised
when providing a given level of customer satisfaction (Neely et al., 1995).
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Efficiency examines how the inputs to a process were transformed into outputs
and examines the ratios of performance between the inputs and outputs.
Strategy maps enable an organisation to describe and illustrate its strategic
goals, initiatives, targets, performance measures, and the cause-and-effect
relationships among all the pieces of its strategy (Franco & Bourne, 2003;
Kaplan & Norton, 2000).
A last remark concerns the terms competitive priority, performance objec-
tive, and performance dimension. Different authors give slightly different
meanings to these terms. This is quite understandable as the borderline between
them is blurred. In this chapter, they will be used interchangeably to refer to what
Hayes and Wheelwright (1979) refer to as “dominant competitive modes” and
“key management tasks.” That is, a competitive priority is that performance
dimension that, in a particular moment in time and in a particular market and
business context, becomes exceptionally more important than others for the
survival of a company, and which, therefore, should become the priority of this
company’s strategy and operations design and control. They represent the
dimensions of manufacturing strategy or the content of manufacturing strategy
(Fine & Hax, 1985).

Performance Management and its
Support to Support Supply Chain
Management: A Literature Review

Supply Chain Partners Integration

Due to market and production globalization, technological progress, and ever-
more demanding customers, today’s marketplace is more fiercely competitive
than ever before (Fawcett &Magnan, 2002; Patterson, Grimm, & Thomas,
2003). As a consequence, over the past decade, companies have been forced to
continuously restructure themselves (Bititci, Martinez, Albores, & Parung, 2004;
Browne & Zhang, 1999; Fawcett & Magnan, 2002; Jagdev & Thoben, 2001;
Lee, Cheung, Lau, & Choy, 2003; Lee & Whang, 2001) into more integrated
supply chains (Burgess, Gules, & Tekin, 1997), aiming to boost as a whole all
those resources and competencies needed to satisfy the end customer (Fawcett
& Magnan, 2002). Supply chains, as strategic alliances and partnership, are
somewhat in the middle between market and hierarchy,4 capturing the advan-
tages of both markets and hierarchies, while avoiding the risks of each.



320   Busi

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

Supply chain integration and partners coordination are today on the forefront of
the continuous improvement agenda of several companies. However, empirical
data still indicates that these concepts are proving difficult to implement in
practice (Sabath & Fontanella, 2002). Considering the very low number of
companies having reached a satisfactory stage of integration (Fawcett &
Magnan, 2002), and the very high percentage of such initiatives that fail
(Wognum & Faber, 2002), supply chain partners integration and coordination are
actually still far from being achieved (Holmberg, 2000).
The reason is that new concepts, tools, and techniques—not yet in place—are
required to support managers in:

• Managing extended processes within and beyond the single company’s
boundaries;

• Managing performance from a supply chain perspective;
• Creating and managing cross organisational multidisciplinary teams;
• Deploying integrated ICT across organizations; and
• Creating and sharing knowledge.

Supply Chain Management

Traditional operations management methods, practices, and technologies focus
on integration of production activities within one factory. The common belief is
that optimizing local performance will eventually lead to overall supply chain
performance optimization. On the contrary, a single-firm management style is
more likely to obstruct partners’ integration (Holmberg, 2000), consequently
hindering overall performance optimization. The right approach suggests that
optimization of overall supply chain performance will in fact lead to local
optimization as well. Innovation of organizational processes and management
culture, hence, become a major business challenge critical for success.
In this context, SCM, originally introduced by consultants in the early 1980s, is
gaining a lot of attention (Christopher, 1992; Lambert & Cooper, 2000) as the
right way to expand the scope of the organisation (Patterson et al., 2003) beyond
the enterprise level to include inter-organisational relationships. SCM is respon-
sible for controlling the flows of materials, information, and finances as they
move in a process from supplier to manufacturer to wholesaler to retailer to
consumer. It emphasises the integration of key business processes from end user
through to original suppliers, offering the opportunity for business partners to
capture the synergy of intracompany and intercompany integration and manage-
ment.
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The growing acknowledgment that SCM makes firms more responsive to
customer demand and, therefore, more profitable is leading managers to make
large investments to improve supply chain operations. The driving force of
effective SCM is collaboration among all participants in the supply chain,
whatever their size, function, or relative position.

Information and Communication Technology

Contributing to partners’ integration—and hence supporting SCM—is informa-
tion technology and, in particular, the Internet. While the most visible manifes-
tation of the Internet has been in the emergence of electronic commerce as a new
retail channel, it is likely that the Internet will have an even more profound impact
on business-to-business interaction. Information and communication technology
nowadays plays a central role in several aspects of SCM becoming a critical
organization design issue (Konsynski, 1993). ICT is in fact vital in SCM areas and
processes such as: design of business models and operations; definition of
business strategy and partners’ relationships; design of performance measure-
ment techniques; integration of information, processes, and organizations;
planning synchronisation; and workflow coordination (Bowersox & Daugherty,
1995; Patterson et al., 2003).

Figure 1. Evolution of performance measurement and measures
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Performance Measurement and Management

Today’s performance measurement theories and tools have their roots in
Japanese quality management philosophies of the 1940s and 1950s. Ever since
then, the history of performance measurement has faced changes in both the
focus and use of measures (Figure 1).
The 1980s represent a milestone in the development of today’s performance
measurement discipline. While up until then, good performance was synonymous
with good financial results, during that decade, the increasing dissatisfaction with
the financial approach to performance monitoring had fuelled a whole new
interest in the area of performance measurement (Dixon, Nanni, & Vollmann,
1990; Eccles, 1991; Ghalayini, Noble, & Crowe, 1997; Goldratt & Cox, 1986;
Hayes & Abernathy, 1980; Johnson & Kaplan, 1987; Kaplan & Norton, 1992;
Keegan, Eiler, & Jones, 1989; Neely et al., 1995; Thorpe, 2004; Yeniyurt, 2003).
Performance measurement eventually stopped being only a part of wider
management philosophies and started to gain an identity on its own as “the
process of quantifying the efficiency and effectiveness of past actions though
acquisition, collation, sorting, analysis, interpretation, and dissemination of
appropriate data” (Neely, 1998).
Lately, scientists and practitioners alike are once again questioning the relevance
of the measurement principles, measures, and measurement systems developed
so far, and their applicability in today’s businesses. Even after the performance
revolution during the 1980s, the focus of performance measurement has re-
mained on process operations within the organizational boundaries of a firm.
Network performance monitoring is still limited to procurement, quality of
inbound goods, and suppliers’ performance, but the concept of more extensive
supply chain performance has not yet fully emerged (Hronec, 1993). To keep up
with the pace of the increasing integration of supply chain partners, three major
shifts are envisioned for the near future:

• From performance measurement to performance management: it is impor-
tant to look beyond performance measurement and into performance
management (Otley, 1999; Schmitz & Platts, 2004)

• From local to supply chain performance measurement: internal processes
are being extended beyond the boundaries of individual companies to
encompass the whole supply chain. It is, hence, necessary to widen the
limited scope of existing measurement system.
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• From lagging to leading performance management: management focus is
on the present and the future. Proactive management means foreseeing
problems before they occur. To do so, measures are needed in addition to
the traditional backward-looking ones that are able to give a real-time
picture of ongoing events.

From Performance Measurement to Performance
Management

Performance measurement in business serves the purposes of monitoring
performance, identifying the areas that need attention, enhancing motivation,
improving communications, and strengthening accountability (Waggoner, Neely,
& Kennerly, 1999). However, if measures are not used or are used in the wrong
way, performance measurement fails to deliver any of the promised benefits.
Organizations have started to realize that, in order to reap the benefits of
performance measurement, they have to make use of their measures, that is, they
have to manage through measures (Amaratunga & Baldry, 2002).
Performance measurement, consequently, becomes merely the practical and
technical exercise within the much wider performance management process,
whereas performance management is defined by Amaratunga and Baldy (2002)
as:

the use of performance measurement information to effect positive change
in organizational culture, systems and processes, by helping to set agreed-
upon performance goals, allocating and prioritising resources, informing
managers to either confirm or change current policy or programme
directions to meet those goals, and sharing results of performance in
pursuing those goals.

It follows that managing performance involves a cycle of clarifying business
goals and then agreeing on individual objectives and standards of performance
(Macaulay & Cook, 1994).

From Local to Supply Chain Performance Measurement

Organizations are still unable—or unwilling—to measure and manage perfor-
mance from a network perspective, failing to understand that:
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when limiting their focus to a single organization and neglecting to
consider local measurement activities as part of a greater whole, they miss
an opportunity to capitalize on how the measurement system could contribute
to improving (the business network’s) performance by taking waste out of
the (business network), not just moving it somewhere else. (Holmberg, 2000)

Therefore, new processes, strategies, measures, and methods to measure and
manage performance are needed that would support supply chain managers in
monitoring the performance of extended processes and operations within
seamless supply chains. Nowadays, it is impossible to ignore those aspects of the
organization that extend beyond the traditional or legal boundaries of organiza-
tions (Konsynski, 1993).
Monitoring performance in an integrated supply chain context means monitoring
both local performance and global network performance (Caplice & Sheffi,
1995). Companies have to enable all chain partners to have access to and share
performance information to quickly identify bottlenecks and “weak links” in the
network and act in accordance to improve the overall performance ( Holmberg,
2000; Ireland & Bruce, 2000; Lummus & Vokurka, 2000;  Stank, Dougherty, &
Autry, 1999). In other words, companies should be able to realize not only how
they are performing as part of their network, but also how changes in each node
performance can affect their very performance—and vice versa. To do so, a
number of indicators should be defined and maintained that are relevant to the
local nodes to understand their contribution to the whole supply chain. These
indicators should then feed decision makers who set strategy and targets at the
supply chain level.
Difficulties in defining an appropriate balanced set of measures for collaborative
performance management have been related to the complexity of overlapping
supply chains, trust over information sharing (Lambert & Pholen, 2001) and the
unit of analysis (single organizations or many, one product line or many, etc.)
(Beamon 1999; Rafele, 2004)

From Lagging to Leading Performance Management

New approaches to performance management are focusing on the use of timely
and relevant information made accessible by available technology to increase the
ability of decision makers to rely on real-time performance levels (Ghalayini et
al., 1997). Traditional PMSs have historically focused on appraising poor
performance and identifying improvement areas. In the new business environ-
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ment, measures must be designed based on continuous input from strategy and
must be kept updated based on constant feedback from operations.
A set of new words and phrases is being used such as “proactive” and “passive”
performance management, “feedback” and “feedforward” control, and “lead-
ing” and “lagging” measures, which reflects this shifting focus. Feedforward
control involves the development and deployment of plans and objectives based
on leading measures of real-time performance, while feedback control involves
the measurement of performance against those objectives through historical
lagging measures. Proactive performance management, built upon both
feedforward and feedback control, is based on the premise that a balanced set
of leading and lagging performance measures should anticipate and not only
correct bad performance.
To optimize supply chain performance, partners must be able to access accurate
and timely information from all over the network. Selected leading measures,
such as aggregate demand and tracking data, showing how products move
through each distribution channel (Lee &Whang, 2001), enabling decisions
makers to be proactive. This means taking “improvement actions” before
“corrective actions” are even needed, thanks to a better understanding of what
is going on or what is about to happen (Holmberg, 2000; Schmitz & Platts, 2004).

Conclusions from the Literature Study

Despite the vast amount of literature on performance measurement frameworks
and systems, most of the work is concerned with performance measurement
within one organization (Schmitz & Platts, 2004). There has been far too little
focus on going beyond this previous work to develop a universal framework for
designing PMS spanning whole supply chains and using these to support SCM.
There is the need to design “a dynamic process for managing strategy and
performance […] which continuously monitors [the supply chain] internal and
external operational environment […] and triggers actions that may change: the
direction of the business, the way a business unit competes in its market or the
priorities of an operate or support process” (Bititci et al., 2003, Yeniyurt, S.
2003).
Measurement systems should be design to make use of a balanced set of
performance measures: (a) that monitor both external relations and the effi-
ciency of internal and extended processes (Euske, Lebas, & McNair, 1993; Kald
& Nilsson, 2000); and (b) that will support proactive management based on both
feedback and feedforward operations control.
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Measuring and Managing
Supply Chain Performance

What Shall Be Measured?

Enterprise processes can be divided into business  and secondary processes
(Andersen & Fagerhaug, 2002), with logistics being a business process. Or they
could be categorized into primary, support, and management processes (Hronec,
1993), with primary processes being directly connected with customers; support
processes being those undertaken to support primary ones; and management
processes being those that coordinate the interactions between primary and
secondary ones. In this latter categorization, logistics would be a primary
process.
Based on the work carried out by Hronec (1993) and Andersen and Fagerhaug
(2002), the categorization of processes, as shown in Figure 2, is suggested in this
chapter. Figure 2 structures and relates relevant manufacturing processes
according to the terminology of management, support, and operate processes.
The following definitions are provided:

Figure 2. Single node manufacturing business process model
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• Management processes: these processes concern the management
activities undertaken to support the operate processes.

• Operate processes: these processes concern the physical material flow
within and among the several single nodes in the supply chains.

• Support processes: these processes are not directly associated with
manufacturing operations, but they indirectly influence the flow of goods
and information among and within the single nodes in the supply chain.

Looking beyond the terminology, it is important to realize that logistics is being
considered as a core or critical process, regardless of its scope (stand-alone
companies vs. supply chain). In manufacturing, logistics account for an ever-
increasing percentage of the final product cost, making it an important leverage
of competitiveness. SCM, that is, controlling and managing logistics in the
network, relies on having visibility of information about stocks, flows, and
performance along the supply chain. This information must also be presented in
a manner that is easy to assimilate, presents exceptions wherever possible, and
most importantly, is based on real-time and accurate data. The key information
required tends to break down into three main areas:

1. Performance/efficiency of the internal logistics operation;
2. Stock levels along the chain; and
3. Performance/efficiency of the network logistics operation, namely, SCM.

Figure 3. Levels of analysis of the supply chain
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To gather such information, from an actor point of view, operations must be
analyzed at the following three levels (Figure 3):

1. The supply chain process level: process starting with the purchasing of the
raw materials from the very first suppliers, to the delivery of the final
product to the very last customer.

2. The single node process level: within the four walls of the company.
3. The activity level: analysis of the process activities’ performance.

Looking at the process model defined earlier in this subsection and the three
levels of analysis of the supply chain highlighted in Figure 3, it should be
understood that, in the supply chain business model, the management and support
processes are extended vertically. This means that these processes are carried
out at both the single-node and the supply chain level; information related to
management and support processes flows from the single-nodes upward to the
supply chain level.
Operate processes, on the other hand, are extended horizontally. This means
that these processes are carried out at each single-node level and extended to
the others nodes in the supply chain. In this case, information related to operate
processes flows from the very first supplier to the very last customer and vice-
versa.

Defining the Scope of Supply Chain Performance
Measurement

From the brief discussion in this subsection, it follows that supply chain
performance management should monitor the flow of information related to
management and support processes between the SCM level and the single units,
with the flows of goods and information related to operate processes among the
single units being part of the supply chain.
Now that the question of what to measure has been answered, the next
subsection will tackle the second important question of supply chain performance
management, namely, how is it possible to measure the performance of manage-
ment, support, and operate processes in a supply chain context?
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How Shall It Be Measured?

The Intrinsic Difficulty of Measuring Business Performance

Lord Kelvin (1824-1907) once said: “to know something properly, you must
measure it.” The problem with Lord Kelvin’s statement is that he was a physical
scientist, and in physical science, measurement is a much more straightforward
procedure. How one measures something, in fact, depends on several factors
such as: the objective of measurement, the object of measurement, the context
conditions, the measuring tool, the personal preferences and bias of the person
responsible for carrying out the measurement, and so on.
Major theoretical challenges concern the ownership of the measures being
used—different owners have a different perspective on what “good perfor-
mance” actually is. However, performance needs to be valid and reliable: how
can one ensure validity and reliability equally from different perspectives?
Different stakeholders play different roles and are consequently interested in
different measures. In this view, performance of a supply chain (or a single
company) is its relative efficiency and effectiveness towards the stakeholders,
based on their subjective view of value (Bredrup, 1995). That is, it is completely
relative to the specific interest of the individual stakeholder (Figure 4).
Technical major challenges seem to concern the interoperability of information
management system. Human-related challenges are mainly connected both to
the need for developing trust prior to sharing performance data among the
partners, and to the complexity of the performance measurement process itself.
People have to: set the objectives initially; design the system; implement the

Figure 4. The stakeholder model (Adapted from Bredrup, 1995)
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system; bear the responsibility of interpreting the measures obtained; and act on
improving the measure (Zairi, 1994). A great deal of subjectivity is involved in
each of these activities, and performance measures must be selected to minimize
the subjectivity in the measurement result.
Answering the question of how to measure performance in a supply chain
context, therefore, means designing the set of performance measure most
appropriate to monitor the performance of the business network in relation to its
objectives.

Limitation of Traditional Performance Measurement
Systems

There has been a considerable amount of criticism concerning the use (and
misuse) of PMSs. A number of research scientists have studied existing
measures and measurement systems questioning their ability to measures
performance of changing processes and organizations (Caplice & Sheffi, 1995;
Eccles, 1991; Holmberg, 2000; Kaplan & Norton, 1992). Perrin (1998), although
dealing with performance measures and indicators from an evaluation perspec-
tive, has pointed out eight inherent flaws and limitations associated with the use
of performance indicators that are relevant to all fields of research. These are:

• Varying interpretations of the “same” terms and concepts;
• Goal displacement (i.e., emphasis on “making the numbers” to keep PMS

satisfied);
• Use of meaningless and irrelevant measures;
• Cost savings vs. cost shifting (i.e., “performance indicators typically look

at individual programs out of context…consequently, ‘outcomes’ may
represent cost shifting rather than true cost savings”);

• Critical subgroup differences disguised by misleading aggregate indicators;
• Limitations of objective-based approaches to evaluation;
• Useless for decision making and resource allocation (i.e., PMS is useless,

by itself, “for informed decision making and budgeting”);
• Less focus on outcome (i.e., “PMS typically leads to less—rather than

more—focus on outcome, on innovation and improvement,”).
• Table 1 summarizes the major criticisms against traditional measurement

systems.
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Relatively little has been written on the topic of performance measures that
extend beyond single businesses. These are considered to be a necessity for
future collaboration possibilities, especially to account for integrating activities
properly (Lee, 2000). As highlighted in Table 1, traditional PMSs have often been
found to be unable to properly assess performance of enterprise networks. Two
main explanations are commonly given for this limitation:
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Table 1. Limitations of traditional performance measurement systems
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1. They do not look at processes as extending beyond the traditional bound-
aries of a company.

2. They do not use low-level operational measures to redefine high-level
enterprise network strategy.

These two points represent the premises for the concept of supply chain
performance management as discussed in this chapter, and, in particular, for the
supply chain PMS design process that will be discussed later.

Linking Strategy to Performance: The Key to
Successful Supply Chain Performance Management

Performance measurement supports SCM, providing useful information at three
different levels of analysis and decision making (Figure 5):

1. Strategic: long-term decisions regarding supply chain strategic design.
2. Tactical: short- to medium-term decisions regarding the definition of the

supply chain principles, for example, inventory principles, purchasing
principles, production principles, transportation principles, quality polices,
and the like.

Figure 5. The three levels of information provided by performance
measurement
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3. Operational: very short- to short-term decisions, such as those involved
in operations planning and control, for example, quality control, inventory
control, transport quality control, production planning and control, order
tracking, and the like.

The final set of selected KPIs that will form the supply chain PMS, therefore,
has to be able to translate the strategy defined at higher supply chain level into
an operational performance target. Also, the KPIs must be chosen so that they
will allow measurement of what is important for the decisions makers to know
in order to keep their strategy informed with the actual performance level of the
different actors.
Operations in supply chain go from raw material purchase from the n-th tier
supplier, to final product delivery to final customer (Child & Faulkner, 1998;
Jagdev & Thoben, 2001). Operations must develop capabilities or core compe-
tencies that support the supply chain competitive advantages. A strategic
planning process can only add value if the dialogue between the centre and the
operating units is of high quality (Bungay & Goold, 1991). Effective supply chain
strategy planning therefore requires operations to be developed consistently
based on: the market, the supply chain mission, core competencies, order winners
and order qualifiers, actual performance, and competitors’ performance.
The operations strategy is the plan or set of decisions that specifies how
operations can provide competitive advantages for a company (Russel & Taylor,
1998). The operations strategy is linked to the supply chain strategy through
competitive priorities that enable products to qualify and win orders in the
marketplace.
The supply chain strategy formulation must be reviewed periodically, as the
customer requirements change over time. Each market/product combination
requires operations that enable the product to win orders in the current
competitive situation.

Top-Down Approach to Supply Chain Performance
Management

According to Kathuria and Partovi (2000), there is a general agreement in the
manufacturing strategy literature that the decisions regarding the structure and
infrastructure of an organisation should be in line with its competitive priorities
(Anderson, Cleveland, & Schroeder, 1989).
Hence, the supply chain strategy definition should be based on an understanding
of its competitive priorities. Using techniques likes strategy mapping, the overall
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Figure 6. Top-down supply chain performance management
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supply chain strategy can be broken down into a more detailed strategic plan,
where the strategic objectives are better highlighted. For each of these objec-
tives, a set of KPIs is developed and targets for these indicators are set for the
operations.
Such an approach is called “top-down” because it starts from the definition of
the supply chain strategy and ends with the definition of the indicators and the
indicators targets, namely,  the achievable objectives. Figure 6 shows how, from
the supply chain strategy, measures for the single activities of the individual

 

Figure 7. Bottom-up supply chain performance management
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partners (in the simplified example, the manufacturer) are selected and indica-
tors are developed.

Bottom-Up Approach to Supply Chain Performance
Management

In the “bottom-up” approach, on the other hand, the starting point for the supply
chain strategy definition or adjustment is the lowest level, that is, that of
operations and activities. As shown in Figure 7, each actor in the network uses
a set of performance indicators and achieves a certain level of performance.
Comparing these values with the performance targets set at higher level, the
supply chain strategy can be adjusted, for example, using unplanned spare
capacity. An additional benefit comes from the possibility for the individual nodes
to realign their strategy with the supply chain.

Supply Chain Performance
Measurement Systems Design

This section suggests a process to design a supply chain-wide PMS. Such a
process was developed based on the interdisciplinary study of literature pre-
sented, the answers to the two questions concerning what and how to measure
performance from a supply chain perspective, and inputs from industry. It is
worth remembering at this point that Raufoss Chassis Technology ASA (RCT)
has played a major role in this research. RCT, located in Raufoss, Norway, is a
manufacturer acting as a 1st to 2nd tier supplier in the automotive industry. It has
a long-term contract ending in 2007 with General Motors (GM) for the production
of front and rear aluminium-wheel suspension, part of the Epsilon platform
(Vectra, SAAB 93, Vauxhall, and U.S. brands), for both the European and
American markets.
RCT first recognized that it was using an inadequate set of performance
indicators, which were not of any help in reaching its objective of cost reduction
and quality improvement. The company consequently partnered with a research
team to develop a state-of-the-art PMS for supply chain performance manage-
ment. Its contribution to the development of the design process later presented
in this chapter has been twofold:
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• It has been actively participating in the development of the supply chain
performance measurement concept hereby discussed. More specifically,
the logistics manager at RCT has given input on the type of indicators it
needed, the type of control it wanted to achieve with the new PMS, the type
of information it could share and would have expected from its partners, and
so on.

• It has served as a “test bed” for the theories and tools being developed.

The remainder of this section first summarizes the key requirements gathered at
RCT. It then briefly analyzes the concepts of systems thinking, balanced
measurement, and purpose of PMS implementation needed to better understand
the design process. Then, it presents the sequence of steps to design a supply
chain PMS and the two frameworks devised to select appropriate KPIs.

Input from Industry

When the author begun working with RCT, it was clear that the challenge it set
for the future was to develop operations management practices that would
eventually cut costs and resource utilization down to 50% of their actual value.
The main objective of the research project was to design and develop a template
for operations management processes that RCT and its partners could use in the
future.
Re-engineering of processes and operations was required to be based on spread
utilization of state-of-the-art information management systems integrated along
the supply chain. To reach its goals and improvement targets, RCT begun to
recognize the need to increase its integration with its value chain partners, based
on the supply chain and extended enterprise business models and the lean
manufacturing philosophy.
The As-Is situation at RCT concerning performance measurement practices
was very close to the general situation described in literature and described
earlier, namely:

• Each department (function/processes) operated with lists of several KPIs;
• The KPIs were mainly historical and backward looking and not real-time

forward looking; and
• The KPIs were mainly measured internally within the RCT plant in

Raufoss.
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For the future, RCT management required re-engineering of the process of
measuring and managing performance, according to the following:

• Reduce the set of KPIs, by identifying some few but highly significant
indicators that support controlling the operations throughout the value
chain. Change was required from measuring whatever is measurable to
measure only what is relevant.
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Table 2. Supply chain PMS—Requirements
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• Select or define a limited number of these KPIs that can give an overall
picture of how the company operates within its supply chain (and how the
other partners within the same chain operate);

• Expand the view from internal (on RCT own processes) to external (on the
process of RCT business network);

• Electronically access performance information in real time.

Comparing and combining the requirements from RCT with the conclusions of
the literature review, the following table summarizes the major requirement for
a supply chain PMS.
The PMS design process defined later on was defined keeping these require-
ments in focus at all times.

Supply Chains as Systems

When individual components are combined into a system, they show properties
that are properties of the whole and not of the constituent components. It follows
that, in a supply chain context, PMSs design requires the system-thinking
concept to bridge the gaps (both geographical and cultural) between the different
nodes in the enterprise network. System thinking advocates the development of

  

Supply Chain Measurement System

Supply Chain

Firm A Measurement
system

Firm B Measurement
system

Firm C Measurement
system

Figure 8. Supply chain performance measurement—Systems concept
(Adapted from Homberg, 2000)
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fragmented firm-sized PMS that are ultimately managed at the supply chain level
through the coordination of information exchange (Holmberg, 2000). Thus, the
supply chain is derived from its fragmented firm-sized PMS, aggregated into a supply
chain PMS that has its own individual properties (Holmberg, 2000) (Figure 8).

Balancing the Set of Measures

The system-thinking concept will subsequently be used to “balance” the nodes
internal-looking interests and their interests with regard to the external environ-
ment.
Kleijnen and Smits (2003) propose the balanced scorecard (Kaplan & Norton,
1992) as a suitable device for supply chain nodes to use, relying upon commu-
nication and coordination within the supply chain to overcome the obstacles
surrounding the fragmented balanced scorecard developmental process at each
node. Brewer and Speh (2000) have further developed the concept of using the
balanced scorecard in the supply chain by moving beyond so-called “traditional
logistics performance measures” that only measure performance at the inter-
faces of respective companies in the supply chain. Their work indicates the
general use that can be made of the balanced scorecard concept to measure all
functional areas beyond, but also including, logistics functions. Whereas intra-
organisational balanced scorecards maintain a “balance” between financial and
nonfinancial performance measures, interorganisational balanced scorecard
concepts tend to be “balanced” by the presence of internal measures and
external measures—that is, measures that measure inside the four walls of the
company and measures that take into account activities outside the company’s
walls—that the company’s interfaces with its trading partners, and so on
(Zimmermann, 2001).
Traditionally, supply chain measurement systems emphasize “traditional logistics
performance measures” (i.e., measures, such as order fill rates, error rates,
inventory costs, delivery time, etc.). However, by focusing almost completely
upon the logistics control system, supply chain performance measurement
cannot answer a number of wider-ranging, more holistic questions; for example
(Brewer & Speh, 2000):

• How effectively are the firms in the supply chain interacting?
• How does this supply chain fare compared to competing supply chains?
• How flexible is the entire supply chain in responding to requests for

customised packages, orders and products?
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• To what extent are decisions within the supply chain motivated by power
rather than by mutual trust?

Nonetheless, these questions should be tackled in today’s increasing integrated
supply chains. A renewed approach to supply chain PMSs design should
incorporate the structural aspects of traditional PMS and add a number of non-
logistic perspectives to its measurement arena (e.g., internal process measures,
intangible measures, measures of financial performance, etc.). Traditional
measurement systems maintain a more traditional, slightly distant (“at arm’s
length”) relationship with suppliers and customers by requesting data only upon
issues of immediate concern from the logistics functions of participating compa-
nies. Furthermore, supply chain PMSs may, theoretically, present data from all
aspects of the participating companies’ functions.
As for the more specific matter of selecting KPIs to measure supply chain
performance, theories developed in team performance management can be used
to approach the supply chain as a team of the company. Doing so, supply chain
performance could be measured at three different levels, using extended process
measures, collaborating measures, and collaboration management measures.

Purpose of PMS Implementation 5

A wide range of different possible applications of PMSs and performance data
exist. Different applications require different performance data and a different
system design. By trying to be everything, there is a risk that the measurement
system becomes a less effective compromise between many different consider-
ations. The consequence could be that a PMS must be designed to cover a few
core application areas or even that an organization will need more than one
system to be able to reap all the benefits. The requirements sets for each
application area can possibly be divided into four groups as follows:

• Simple PMSs need simple solutions for manual data collection, low data-
storage capabilities, require no or very simple calculations, and need not
present the user with interactive decision support. Applications covered are
typically using KPIs to set and follow strategic direction, using performance
data to influence behaviour, assessing supplier performance, evaluating
improvement projects, and using performance data for marketing purposes.
These can be virtually paper-based, but will most likely appear in the form
of simple spreadsheets with manual data input and very little requirements
for tailored reports and output.
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• Intermediately advanced PMSs typically must be able to handle fairly
large amounts of data with high accuracy, where the data must be easily
available electronically and some integration with others systems can be
required, but where there are less needs for calculations, simulations, or
interactive decision support. Applications covered are typically developing
cost estimates based on past performance, establishing early warning
indicators, setting incentives, sharing performance data with customers,
and undertaking performance benchmarking. Such systems can rarely be
designed using spreadsheets, but must rather be dedicated PMS software
or applications that sit on top of ERP, CRM, or other enterprise data
systems.

• Advanced PMSs must fulfil demands for automatic data capture, secure
and flexible data storage and retrieval, broad integration to other systems,
support multiple data presentation formats, and allow the users to perform
advanced calculations or simulations that offer interactive decision support.
Applications covered are typically monitoring overall and enterprise-wide
performance, detailed operational planning, production planning based on
up-to-date performance data, and determining processes with need for
improvement. Such systems are doubtless dedicated PMS software, but
might, in some cases, come in the form of advanced modules integrated into
an ERP system.

• Super-advanced and fully-integrated PMSs must fulfil demands for
automatic and geographically distributed data capture, secure and flexible
data storage and retrieval from both local as well as central databases,
broad integration to other systems, and support multiple data presentation
formats. Also, these systems must be able to handle data from several
sources and formats and allow the users to perform advanced calculations
or simulations that offer interactive decision support. Applications covered
are typically monitoring of enterprise networks process and operations,
focus on the interfaces between the participating companies, strategy
planning at both the overall enterprise network and single-enterprise level,
and determining processes or actors with need for improvement. The
development of this particular type of system needs to overcome major
technological (i.e., integration of systems), and organizational challenges.

There are numerous reports of performance measurement initiatives that fail to
deliver their promise of better control and improved performance, both in single-
enterprise implementations and certainly in more complex supply chain settings.
Carefully studying and understanding the core purpose of the implementation of
a PMS should, therefore, be the starting point of any PMS implementation.
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The design process includes the following general steps:

1. Define the PMS application area: local-nodes have to clearly define the
objective of the PMS being implemented.

2. Process mapping: local-nodes have to clearly understand the extension
(vertical and horizontal) of their business processes to form the supply
chain process model. To understand and map processes, a number of tools
and techniques do exist, for example, value-stream mapping, cause-and-
effect diagrams, relationship mapping, flow charts, and so on. It is usually
a good idea to start mapping the processes of the single nodes before
moving to the supply chain. This exercise provides an opportunity to look
at the interfaces between the internal and external part of one process,

Figure 9. The supply chain wide PMS design process

(Use the PMS)
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where significant opportunities for supply chain performance improvement
usually lay.

3. Strategy definition: it was noted earlier that the decisions regarding the
structure and infrastructure of a supply chain should be in line with its
strategy. Strategy should be defined at the higher supply chain level and
communicated down to the single nodes in the network to allow them to
align their local strategies with that of the supply chain.

4. Competitive priorities definition: using techniques like strategy map-
ping, the overall supply chain strategy is broken down into a more detailed
strategic plan where the strategic objectives (or competitive priorities) are
better highlighted. Again, the supply chain competitive priorities should be
communicated to the single nodes. This allows each node to have a better
understanding of the supply chain perspective of its balanced scorecards.

5. KPIs selection: KPIs should be selected using two selection frameworks,
as described in the following section.

6. KPI implementation: KPI should be implemented using a KPI record
sheet.

7. Periodic review: one of the biggest flaws of traditional PMSs is that they
do not plan periodic reviews. This, in turn, means having obsolete and
meaningless measures in place. Through periodical review, measures that
have become unable to translate the continuously changing strategy and
market requirements should be discarded.

Figure 9 displays each step and the outcome of each step in the supply chain-wide
PMS design process suggested in this section.

KPI Selection Frameworks

Existing performance measurement frameworks provide, at best, a large list of
measures, but still require brainstorming sessions, ranking scales, research, and
analysis to achieve a serviceable and useful list of performance indicators. The
absence of a formalised set of performance measurement selection guidelines
may have much to do with this. When it is not obvious which measures should
be adopted, generic guidelines to select performance measures can be difficult
to create, never mind implement. Performance measurement selection guide-
lines are also complicated by the fact that the most relevant measures for a
company to adopt change over time.
At RCT, relevant KPIs were selected and put into perspective using the model
shown in Figure 10, which demonstrates the cluster of potential measurement
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Focal Company 
X

Focal Company
KPIs

Supplier 1

Supplier 2

Supplier N

Suppliers
KPIs

Customer 1

Customer n

Customers
KPIs

(RAUFOSS 
CHASSIS 

TECHNOLOGY)

Collaborative 
Enterprise KPIs

X KPIs

S KPIs C KPIs

CE KPIs

C1 KPI

Cn KPI

S1 KPI

S2 KPI

Sn KPI

Figure 10. Model used for the selection of the relevant supply chain KPIs

 

COLLABORATIVE ENTERPRISE 
PERSPECTIVE

’How is each node contributing in the 
overall CE performance?’
Goals Measures

___________
___________
___________

___________
___________
___________

INTERNAL PERSPECTIVE

’How are we performing internally ?’

Goals Measures
___________
___________
___________

___________
___________
___________

CE VISION 
& 

STRATEGY

SUPPLIER PERSPECTIVE

Goals Measures

’How are we and the suppliers 
performing in overlapping processes ?’

___________
___________
___________

___________
___________
___________

CUSTOMER PERSPECTIVE

’How are we and the customer performing in 
overlapping processes?’

Goals Measures
___________
___________
___________

___________
___________
___________

Figure 11. The supply chain balanced scorecard model
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perspectives faced by an individual company (Company X, that is, RCT in the
case study) at any tier in the supply chain. From Figure 10, four measurement
perspectives can be defined for Company X:

1. Internal perspective (X KPIs)—located inside the four walls of the
company;

2. Supplier perspective (S1 - Sn KPIs)—located at the interface of the
company and its respective suppliers;

3. Customer perspective (C1 - Cn KPIs)—located at the interface of the
company and its respective customers;

4. Collaborative Enterprise perspective (CE KPIs)—the holistic sys-
tem.

These perspectives can now be displayed in the supply chain scorecard model
depicted in Figure 11. This model is applicable for each company in the supply
chain.
Adapting existing work by Medori and Steeple (2000) with the input from the KPI
selection process at RCT, the author suggests using the following two frame-
works for KPI selection in the PMS design process:

• KPI selection at the local node level: concerned with the supplier, internal,
and customer perspective of the supply chain balanced scorecard (Figure
10):

Force Examples 
Internal influences Power relationships; 

Dominant coalition interests; 
Peer pressure; 
Search for legitimacy; 

External influences Legislation; 
Market volatility; 
Information technology; 
Nature of work; 

Process issues Manner of implementation; 
Management of political processes; 
Innovation saturation; 
Lack of system design; 

Transformational   
issues 

Degree of top-level support; 
Risk of gain/loss from change; 
Impact of organisational culture. 

Table 3. Forces impacting performance measurement system evolution and
change (Adapted from Waggoner et al., 1999)
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� Stage 1—Define the company’s mission and strategy. Important to
allow effective translation of the resulting strategy into effective KPIs.

� Stage 2—Determine the importance of the competitive priorities for
each perspective. This must be assessed according to the company’s
strategy derived in the previous stage. This step is crucial for determin-
ing the relevant KPIs.

� Stage 3—Derive critical success factors and customer requirements
from the company’s strategy. Using competitive priorities strategy,
statements are translated and developed.

� Stage 4—Select measures. At the end of this stage, a list of KPIs for
the internal, supplier, and customer perspective should have been
specified under the various competitive priorities.

� Stage 5—Implementation of KPIs. A performance measure record
sheet is produced to standardise the process of actually recording of
KPIs used in the company.

� Stage 6—Periodic review.
• KPI selection at the supply chain level: concerned with the supply chain-

perspective in the supply chain balanced scorecard model.
� Stage 1— Develop the supply chain direction and requirements plan.

The supply chain process owners should develop the plan through an
examination of the four factors of Waggoner et al. (1999) highlighted
in Table 3. Also, the identification of precisely what are the customer’s
order winners and order qualifiers should be considered. The result of
this stage is a document outlining what the plan of the supply chain
should be from the final customer’s perspective, the internal, supply
chain node perspective, and the external environment’s perspective.

� Stage 2—Translate the plan into competitive priorities. This is per-
formed in a fashion similar to Stage 2 of the selection framework for
the local-node level.

� Stage 3—Select measures. At the end of this stage, a list of KPIs for
the supply chain perspective is specified under the various macro
measures of performance.

� Stage 4—Implement the supply chain KPIs. This is performed in a
fashion similar to Stage 5 of the selection framework for the local-node
level.

� Stage 5—Transmit the developed supply chain KPIs. Having devel-
oped the supply chain KPIs that must be used by each node, the supply
chain process owners must transmit the KPIs to those parties that
require them.

� Stage 6—Periodic review.
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Conclusion

Industries are facing an increasing level of business partner integration. When
partners work closely together, processes must be re-engineered. Operations
control crosses the traditional company boundaries and extends to the whole
network processes. It was highlighted that there is the need to develop new
theories and tools to support performance management of integrated supply
chain processes. The chapter first analyzed the actual situation concerning SCM,
performance measurement and management, and their interrelations. It pin-
pointed that increasing collaboration and supply chain integration is driving three
major shifts in performance measurement practices: from measurement to
management, from individual to supply chain measurement, and from feedback
to feedforward operations control. The chapter first answered the question: what
does supply chain performance management means? Then it answered the two
related questions: What shall be measured? and How shall it be measured?
Finally a supply chain PMS design process was presented, developed based on
the requirements emerging from the previous discussion.
The goal of this chapter was to clarify what measuring and managing perfor-
mance in a supply chain context mean in practice, in terms of the processes,
methodologies, and tools needed to support it. It particularly focused on the
process of measuring performance and the methodologies and tools to use to
produce the output of this process, namely, the performance levels to manage
supply chains.
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Endnotes

1 The phrase “a company’s four walls” is often used in literature to refer to
the physical boundaries of a firm.
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2 For the sake of this chapter, it is important to understand that the concepts
and methodologies hereby presented and discussed were developed based
on observations at Raufoss Chassis Technology ASA, a Norwegian
aluminium wheel suspension manufacturer. This chapter will not report
these observations in details; for more information please refer to Busi et
al. (2003), Busi and Strandhagen (2004).

3 Outcomes can be used to generate measures of effectiveness, while
outputs can be used to generate measures of efficiency (Rouse & Putterill,
2003).

4 According to Williamsons (1985), business relationships can be classified
as a spectrum of alternatives between market and hierarchy.

5 This section is adapted from the paper entitled “Performance Measurement
System Success Depends on Design Alignment with the Core Purpose of
Its Implementation” by Henriksen, Andersen, and Busi, available on
request to this chapter’s author.
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Abstract

This chapter introduces a game-theoretic approach to supply chain risk
management. The focus of this study lies on the risk of a single supply chain
member defecting from common supply chain agreements, thereby
jeopardizing the overall supply chain performance. The chapter goes on to
introduce a manual supply chain game, by which dynamic supply chain
mechanisms can be simulated and further analyzed using a game-theoretic
model. With the help of the game-theoretic model, externalities are identified
that negatively impact supply chain efficiency. The conclusion drawn from
this chapter is that incentives are necessary to overcome these externalities
in order to align supply chain objectives. The authors show that the game-
theoretic model, in connection with the supply chain game presented,
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provides an informative basis for the future development of incentives by
which supply chains can be aligned in order to reduce supply chain risks.

Introduction

In recent years, supply chain management (SCM) has experienced considerable
attention. Trends, such as lean management, have unleashed outsourcing with
the aim of improving corporate efficiency, which, in turn, considerably reduced
the vertical range of production. The result is that original equipment manufac-
turers (OEMs) have outsourced as much as 80% of their value chain. This
resulted in an increasing dependency of companies on their suppliers. Intricate
supply networks evolved, shifting competition from the single company level to
the supply chain level. Thereby, supply chain management became an asset
when it comes to guaranteeing efficiency and high service levels (Christopher,
2004).
As a consequence of the interorganizational dependencies, supply chain compe-
tition fosters risks. These dependencies and the rising complexity of supply chain
networks have increased the importance of supply chain risk management.
Although connectivity between the players and transparency across the supply
chain are core aspects propagated by SCM in contemporary literature, reality
shows that insufficient communication among supply chain participants still
prevails. Therefore, interorganizational risks have the potential to become one of
the core fields of supply chain risk management (SCRM) research in future.
As supply chain participants are always (potential) competitors, the intensity of
collaborative efforts are always a matter of how high single organizations
prioritize supply chain alignment. Incentives are a way to overcome the barriers
keeping organizations from aligning their objectives. Finding the right incentives
for SCRM can turn out to be an extremely hazardous and difficult task for supply
chain risk managers. One option is to create mathematical models based on
economic settings. However, whether all variables have been considered is only
validated the moment the incentive is tested in a realistic setting for a certain
period of time. This realistic setting can either be simulated by means of an
electronic simulation model, a manual business game, or on a real supply chain.
Since it is difficult to analyze the influence of a particular change within a supply
chain—particularly due to the vast amount of interactions and the fact that such
a change can also negatively influence a chain—the last option can be aborted.
The first option does not include the variable that human beings make organiza-
tional and interorganizational decisions, which we considered to be central to
SCRM. Therefore, we opted for the manual business game. Supply chain risks



Supply Chain Risk Management   357

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

are evaluated in the so-called supply chain game. The supply chain risks analyzed
here are specifically inventory risks, caused by interorganizational drivers.
Bringing supply chain networks in connection with strategy and competition
addresses a matrix of risk drivers within the locus of this level: horizontal and
vertical competition and cooperation. Interorganizational aspects include “co-
opetition,” a combination of cooperation and competition, as coined by
Brandenburger and Nalebuff (1997). This chapter will focus on the vertical
organizational and interorganizational risk drivers related to these aspects. To
date, SCRM has largely focused on combating the impact of supply chain risks
or improving the resilience of supply chains to be able to react to unfavorable
changes taking place. Therefore, we can deduct that current SCRM is largely
reactive.
Proactive SCRM would require that sources and drivers of supply chain risks are
manipulated in a sense that they are, in the best case, avoided, reduced, or at least
controlled. Incentives provide the opportunity to do so. However, although
incentives have gained wider popularity since the birth of the balanced scorecard
(Kaplan & Norton, 1996), they have not yet been implemented as proactive
measures in SCRM, and the effects of specific incentives are unclear. In a first
step to developing such a proactive incentive framework, it will be shown that
the supply chain game enables an ideal test surrounding for testing implications
of certain incentives on SCRM. It will be shown that the game correlates to
supply chain and market conditions, which justifies it as a reference model. Since
natural advantages exist among the supply chain participants, an in-depth
analysis can be conducted on their nature. Therefore, a game-theoretic model
will be developed based on the findings in the game. The ultimate goal will be to
use the model developed in this chapter, which provides the necessary informa-
tive basis to deduct incentives to align supply chain objectives.

Background to Supply
Chain Risk Management

The effective and efficient management of the supply chain can become a core
competency of a company. By definition, SCM is: “the integration of key
business processes from end user through original suppliers that provides
products, services, and information that add value for customers and other
stakeholders” (Stock & Lambert, 2001, p. 54). Simchi-Levi, Kaminsky, and
Simchi-Levi (2003) specify the value added as “minimizing system wide costs
while satisfying service-level requirements” (p. 2). Poor SCM, therefore, results
in the inefficient allocation of resources, which poses a risk, both to the company
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itself and the entire supply chain. Not only does it pose a threat to the competitive
situation of a single enterprise, the entire supply chain is only as strong as its
weakest link. It should be comprehensive that in times of decreasing vertical
ranges of production, competition no longer is limited to two directly competing
enterprises. Competition is increasingly dependent on innovation of suppliers and
the effective and efficient management of their processes, as stated above.
Therefore, no supply chain would tolerate a weak link over a long period of time,
which would pose an unnecessary source of risk to the entire supply chain. We
define the term supply chain risk as:

an uncertainty or unpredictable event, endogenous or exogenous to the
supply chain, affecting one or more of the parties within the supply chain
or its business setting, thereby (negatively) influencing the achievement of
business objectives.

It is necessary to say that one of the main risk sources is induced by human
beings. The importance of risk management arises from the necessity to identify
all the potential threats posed to supply chain continuity. It is necessary to
translate the basic methodology of risk management into terms of SCM and to
develop a framework that addresses the main threats. It is possible to understand
that SCRM is the group of activities developed and performed by supply chain
managers, encouraged to minimize and, in the best case, to neutralize the effects
of these risks. Therefore, SCRM should be seen as an intersection of the risk
management theory applied within the framework of SCM.
As stated in the definition above and shown in Figure 1, risks exist that are
endogenous and exogenous to the supply chain. Exogenous risks are risks such
as geographical, country or national, natural, and market risks. Market risks can
be both exogenous and endogenous due to the fact that every supply chain
member has an internal and an external customer.
Endogenous risks can be further subdivided into company and relationship risks.
As can be deduced from above, risks can be allocated to more than one risk
category. As a consequence, the term “risk” as such can have a different
meaning depending on the area, company, country, sector, and so on. Supply
chain risks can be controlled, avoided, or reduced, which includes sharing and
transferring risk. The inventory risk of higher stocks, for example, can be avoided
by using modular product design. This this method of complexity management
allows storing less product parts, while offering the same number of variants to
the customer. Several risks exist that can only be controlled by means of
collaborative measures and incentives. Transparency, availability of informa-
tion, and mutual trust are success factors for the effective anticipation of risks
(Blecker, Kersten, Späth, & Bohn, 2005). Christopher (2003) analyzed the
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elements influencing risks in supply chains. In his vulnerability report, he
identified four different levels at which risk drivers operate in supply chains:

• The first level, the risk drivers related to process and value streams,
approaches the supply chain from an idealized integrated end-to-end
perspective. From a purely process-based perspective, supply chain risks
are principally the financial or commercial risks arising from poor quality,
sub-optimal supply chain performance, demand volatility, and shifting
marketplace requirements. In reality, supply chains are rarely fixed,
discrete, self-propelling, or self-protecting. The adoption of lean and agile
practices (particularly JIT delivery) has made them increasingly reliant on
the existence of a reliable, secure, and efficient communication, transport,
and distribution infrastructure, thereby making supply chains increasingly
vulnerable.

• The second level considers assets and infrastructure dependencies. It
refers to the implications of loss (temporary or otherwise) of links, nodes,

 Risks in the Supply Chain

Endogenous
Supply Chain Risks

Exogenous
Supply Chain Risks

Company Risks Relationship Risks

Production Risks

Financial Risks

Market Risks (end.)

Human R. Risks

Technology Risks

Inventory Risks

Transport Risks

Information Risks

Legal Risks

Inventory Risks

Information Risks

Cooperation Risks

Coordination Risks

Integrations Risks

Market Risks (exog.)

Nature Risks

Country Risks

Geographical Risks

Figure 1. Schematic classification of supply chain risks (Adapted from
Pfohl, 2002)
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and other essential operating interfaces. To ensure that they continue to
operate is likely to fall within the responsibility of logistics, operations, IT,
and human resource professionals. Facilities may house IT assets, which
are nodes in the internal and interorganizational communications networks.
Supply chain members are connected through nodes and links of national
and international communications infrastructure and through the links and
nodes of the transportation and distribution infrastructures. The links are,
for example, roads, rail, shipping lanes, and flight paths, and nodes are rail
stations, ports, and airports.

• The third level considers the organizational aspects that view supply chains
as interorganizational networks. It moves supply chain vulnerability up to
the level of business strategy and microeconomics. The links become
trading relationships, particularly the power dependencies between organi-
zations. The principles of integrated approaches to SCM (as set out in Level
1) rely on the premise that strong organizations will not abuse their position
of power vis-à-vis weaker ones. Additionally, that information and risk will
be shared selflessly for the good of all, within an enduring network of
complementary trading relationships. While supply chain managers may
work tirelessly to achieve this objective, other commercial interests,
competitive pressures, and divergent strategic goals can work against
them. Discretionary reconfigurations (e.g., outsourcing), as well as busi-
ness failures or mergers and acquisitions within the supply chain or industry
can all herald network instability at this and lower levels. Where dominant
organizations have the power, capabilities, and the will to manage their
supply chains in an open and collaborative way, “extended enterprises” will
emerge. However, establishing and monitoring close cooperative partnering
relationships is resource-intensive. Consequently, large sophisticated cus-
tomers have reduced the number of direct suppliers, often opting for single
sourcing (usually by product line) as the lowest cost way to develop,
manage, and monitor their supplier base. The downside of this is that it has
given rise to one of the most widely recognized sources of supply chain
risk—disruptions caused by the failure of a single source supplier.

• The fourth level considers environmental drivers. Factors for consideration
are the political, economic, social, and technological elements of the
operating and trading environment, as well as natural phenomenon—
geological, meteorological, and pathological. All can affect a supply chain
at each of the first three levels of the framework. The sources of risks
emanating at this level are likely to be beyond the direct control of supply
chain managers, nevertheless the susceptibility of the networks can often
be assessed in advance, thus enabling informed decisions to be made
regarding the merits of risk avoidance or mitigation strategies. For the
further development of this chapter, Level 3, organizational, and
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interorganizational networks will be at the centre of the research in the
following sections.

The impacts of supply chain disruptions can be very diverse. The magnitude of
the negative impacts can be very decisive for the way the risks are managed.
Creating an efficient supply chain, therefore, not only concerns cost-reduction
to increase the return on assets (ROA), but also requires sensitive thinking about
shortcomings and sources of risk. Another impact on supply chains resulting out
of supply chain disruption is the loss of clients. It is common to think that the loss
of a client only represents a loss of an order, but this can have bigger
repercussions. It is extremely expensive to win an unhappy client back and, in
addition, the negative publicity can be extremely harmful. Having the product in
the right place, at the right time, at the right quality, and at the right price (4Rs)
represents a core issue in market-oriented supply chain management. It is easier
to win a new client than to recuperate the trust of an existing one. From this point
of view, the effectiveness of the supply chain should avoid this market risk. The
reason why financial risk management is probably the most profound risk
management discipline is that not achieving financial targets set by management
causes the worst outcome of a financial year in respect to a manager’s salary
or bonus. Therefore, one of the main objectives in a company is to increase the
shareholder value. It is possible to see that the interaction between the different
participants in the supply chain is a central issue in SCM. However, as shown for
the management of financial risks, managers have the habit of not attending to
a risk or its driver unless an incentive is at hand.
SCRM can only be implemented in a collaborative effort across the entire supply
chain. An example for effects on supply chain performance due to the lack of
coordination, where incentives can counteract inefficiencies, is the bullwhip
effect. Chopra and Meindl (2004) show how the bullwhip effect increases
manufacturing costs, inventory costs, replenishment lead time, transportation
costs, shipping and receiving costs, and decreases the level of product availability
and profitability of the entire supply chain. The barriers to coordination in the
supply chain are among other incentive obstacles. These refer to the incentives
offered to different stages or participants in the supply chain that lead to actions
that increase variability and reduce total supply chain profits. These can be
subdivided into local optimization within functions or stages of a supply chain and
sales force incentives. Local optimization incentives focus only on the local
strategy of a supply chain member, which do not optimize the total supply chain
profits. Improperly structured sales force incentives are significant obstacles to
the coordination in supply chains. In many companies, sales force incentives are
based on the amount sold to the direct customer during an evaluation period. The
manufacturer measures only the quantity he sells to the distributor or retailers
(sell-in), not the quantity sold to the end-consumer (sell-through). An incentive
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based on sell-in results in order variability being larger than the customer demand
variability. In order to reduce the bullwhip effect and increase profitability,
management should consider changing the incentives by aligning them with other
supply chain members so that every member works toward maximizing total
supply chain profit.
According to Chopra and Meindl (2004), there are three general groups of
incentives to align objectives within a supply chain: aligning incentives across
functions, pricing for coordination, and changing sales force incentives from sell-
in to sell-through. The first involves coordinating the objectives of any function
with the firm’s overall objective. All facility, transportation, and inventory
decisions should be evaluated based on their impact on profitability, not total or
local costs. This helps to avoid situations like transportation managers making
decisions lowering transportation costs but increasing overall supply chain costs
at the same time.
It can be seen that the groups of incentives addressed above can have an impact
on supply chain management, since they adhere to basic economic principles.
However, most of them have not yet been implemented in industry, and for those
that have been, it is not clear precisely which effects they had. Another aspect
is that no incentive framework has yet been developed to counteract specific
supply chain risks. In the following sections, models are developed whereby the
mechanisms within supply chains can best be analyzed. It is important to stress
that only models including all relevant variables can be used to ultimately deduct
incentives needed to align objectives across functions and organizations in a
supply chain, in order to optimize supply chain efficiency and counteract supply
chain risks.

Why Model Supply Chain
Risks in Business Games?

The aim of this chapter is, as mentioned, the analysis of the interorganizational
sources of supply chain risks. Since a supply chain is a very complex system, the
approach of modeling and simulating the object of investigation was chosen for
this analysis. By simplifying the considered system, a model offers the possibility
of elaborating effects and dependencies, which are foreclosed in the real system
by many other factors. For analyzing different risks within a supply chain, it is
necessary to be able to separate the several effects from each other for
analyzing them one-by-one. Another important aspect for using a model and
simulating a system is the chance to test strategies and observe their effects in
a much shorter period of time than in reality. Also, risky strategies can be tested
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without fearing extreme or negative results. This aspect is, of course, decisive
for analyzing risk management in a supply chain. No real supply chain would be
changed according to a strategy that could be damaging to the supply chain
performance.
For the concrete modeling of supply chains, many different approaches with
different focuses exist. Since the “human factor” is a main cause for supply chain
risks, this work focuses on that aspect. Therefore, an approach must be chosen
that allows reproducing this non-deterministic human factor. Most models
invented in the recent years are computer-based models (for a review of these
models, see Chen [2004]). Since these deterministic programs do not allow
reproduction of non-deterministic behavior, they are not suitable for the analysis
in this work. That is why the approach of a manual business game was chosen
for modeling and simulating supply chain risks. In this model, the non-determin-
ism is realized via the human participants of the business game and their
unpredictable decisions. The decisions the players have to make during the game
correspond to the fundamental decisions in a company, whereby the realistic
behavior of a supply chain can be simulated.
The most famous manual business game on SCM is “The Beer Game” invented
by MIT in the 1960s (Sterman, 1992). Since this report wants to focus not only
on the dependencies and the business competition between the companies within
a supply chain, but also between two supply chains, a new business game based
on The Beer Game idea was developed.

Description of the Model

Compared to the MIT Beer Game, a main innovation was included in the
developed business game—in the new game, two supply chains are competing
with each other with the same product on the same market. The products that
are manufactured by the supply chains are tables. The supply chains purchase
from the same source, a “forest,” by buying trees. At the end, both deliver to the
same market, namely, the end-consumer, by selling complete tables. In between,
there are three supply chain stations, which represent companies. These are a
saw mill, a carpenter, and a dealer. The three stations of the two supply chains
will be referred to as agents in the rest of this chapter, and are represented by
one to three players each. The forest and the end-consumer are played by the
supervisors of the game. As can be seen in Figure 2, each agent has a supplier
upstream in the supply chain and a customer downstream in the supply chain.
This constellation of different companies was chosen because the
interorganizational sources of risks are the focus of this work. From the game-
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theoretic approach, the business game was developed on two different game
settings that will be analyzed later in this chapter. As can be seen in Figure 3,
these are the “Dealer Game” and the “Internal Game.”
The first approach contains the competition of the two supply chains against each
other for a maximal share of a fixed end-consumer demand. This game can be
simplified by considering only the dealer and the end-consumer as agents. The
second game setting analyses games within the supply chain, in which single
agents compete in two-player games.
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Saw Mill
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Consumer

Information flow
Material flow

Figure 2. Arrangement of the two supply chains
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Figure 3. Game theoretic constellations in the supply chain game
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The parameters of the agents, which are relevant for a game-theoretic analysis,
are chosen according to the interorganizational focus. In both games, the same
inputs and outputs of the agents are identified as significant. These parameters
are, as presented in Figure 4, the orders and deliveries, as well as the costs and
revenues. Also, the inventory was taken into account, since ineffective stock
represents a non-negligible risk of either non-availability of products or high
capital lockup.
According to the identified parameters the business game was set on these
characteristics as follows:

• The players are only allowed to communicate with each other by sending
orders to their supplier and delivering goods to their customer. In each
round the agents receive one order and one box with goods and send one
of each. In the first ten rounds it takes two rounds until an order or a box
reaches its destination. Later it is possible to shorten this time to one round.

• As a core element of the game the agents set a price for their product, that
is, one table or the material for one table, respectively. Each agent decides
how many products he wants to order from its supplier. Only the forest and
the end-consumer have different rules—the price the forest sets for the
saw mill is fixed, and the order of the end-consumer depends on an
arithmetical function. The function determines the quantity the end-
consumer buys from the two dealers in relation to the price the dealers set.
Another aspect is included in the function. The end-consumer sets a penalty
for the next round, that is, he buys less tables when the dealers are not able
to deliver as many tables as the end-consumer ordered. The whole amount
of the bought tables is normally fixed, but it is possible to include market
growth.

Figure 4. Main parameters of the agents
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• The intention of each agent is to maximize its profit. The agent gains
revenues by selling its products to its customer, subtracting the costs for
buying the product from its supplier. Costs for stock also have to be taken
into account. The profit of the agent is taken as an indicator for its own
performance, on the one hand. On the other hand, the summed profit of the
supply chain indicates the group’s performance.

Validation of the Model

For validating the model, the development process has to be considered. In the
literature, there are two main possible approaches to developing a business
model: the deductive logic and the inductive logic (Davis, 2005). Where the
inductive model is developed from an empirical analysis of the reality and then
generalizing and abstracting the parts of interest, the deductive model is based
on a conceptual structure. Basic validated economic functions are combined
modularly to generate a new model. In the case of SCRM, a deductive model is
advantageous, because this approach allows the analyst to focus on the main
points of interest. By designing a model based on validated modules, it is ensured
that the model supports these effects and represents them correctly.
For a better assessment of the results, a reference game was developed. In this
game, all prices and amounts of ordered and delivered tables are fixed on the
starting level. With this construction, it is possible to prove that the rules do not
promote or even enforce one result. In the considered case, all agents of both
supply chains got the same profit after 30 rounds. So an equal treatment of all
agents is ensured. This amount was normalized at 100%.
Since the agents that are closer to the end-consumer have the advantage of
noticing changes of the market first, they are expected to profit by minimizing
stock. That is why a “handicap” for the downstream agents was implemented by
higher stock costs. As a result, when fixing all prices and amounts, the profits
from Figure 5 will be reached.

Simulation of the Supply
Chain by Business Games

On seven dates, the business game was played with different groups of
undergraduate and graduate students under the supervision of the authors. These
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students were not involved in developing the game. In addition, they were not
informed about the objectives of this research, and the game was communicated
as a teaching instrument so that they should act independently without being
influenced.
At each game, 6 to 12 persons took part, and 30 rounds were played. In the first
two rounds, all prices and order amounts were fixed, in order to give the players
the chance to get into the game. After the fourth round, a market growth was
implemented, that is, the amount of tables bought by the end-consumer was
increased.
As mentioned, the profits of the agents were used as an indicator for their
performance. In Table 1, the result of each supply chain agent after 30 rounds
is presented for the seven played games. For each game, the winner and the loser
are marked by boldface.
From the results of the games, it is visible that, in most cases (five out of seven),
the best and worst results were achieved in the same supply chain. Furthermore,
the standard deviations in the right columns show that there are mainly two
different cases of supply chain performance. The one is that the agents reach
very similar results, that is, the supply chain has a very low standard deviation.
This is reached, for example, for Supply Chain 1 in Game 1 or Game 2. In the
other case, a high standard deviation occurred, that is, one agent with a very high
result benefits from at least one other who achieved a very poor result. This
clearly demonstrates two different strategies of working in a supply chain. One
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is the cooperative strategy, where all agents try to benefit in equal terms. The
other is the non-cooperative strategy, where each agent maximizes its own profit
without caring about the others. In this case, higher revenues can be achieved
than in the first case, however, normally, only for one agent and mostly for the
agent closest to the end-consumer; in five out of seven cases, the dealer won the
game. In Figure 6, the average profits for each kind of agent are calculated. It
can be seen that the dealers, on average, gained approximately 50% higher
profits than the saw mills or the carpenters. It has to be mentioned that this
happened although the dealer was handicapped by higher stock costs.
The results  of this passage reinforce the intra- and interorganizational risk
drivers postulated in the previous section. The fact that the strongest supply
chain members reap the highest profits shows that the incentives for local
optimization within functions or stages of the supply chain in place are insuffi-
cient or not aimed at optimizing the performance of the entire supply chain. The
importance of developing the right incentives to encourage the cooperation
between the companies is given.

The Game-Theoretic Analysis
of Supply Chain Risks

Analyzed in a game-theoretic context, it is evident that the developed game is a
static, multi-period game with time dependence. This is because all players make

Supply Chain 1 Supply Chain 2 
 Saw Mill 

1 
Carpenter 

1 
Dealer 

1 
Saw Mill 

2 
Carpenter 

2 
Dealer 

2 

Standard 
Deviation 

SC 1 

Standard 
Deviation 

SC 2 

Game 1 152% 138% 121% 199% -29% 151% 16% 120% 

Game 2 95% 106% 77% 82% 54% 269% 15% 117% 

Game 3 186% 227% 434% 117% 316% 388% 133% 141% 

Game 4 80% 122% 261% 223% 146% 121% 95% 53% 

Game 5 121% 129% 152% 32% 167% 209% 16% 92% 

Game 6 92% 157% -19% 72% 42% 182% 89% 73% 

Game 7 53% 96% 28% 67% 34% 42% 34% 17% 

Table 1. Profits of supply chain agents after 30 rounds
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their decisions at the same time, over many periods. Thirty rounds were played
in the analyzed games, and some decisions take more than one round to show
consequence. Since the game can theoretically go on for more than the 30 rounds
played, it is considered to be one with an infinite horizon. The game is subdivided
into phases, each consisting of 10 rounds. After each phase, the players can
confer about which strategy to use in the next phase. Therefore, we consider the
game to be cooperative. The end-consumer demand is set according to a demand
function. Therefore, the total demand of tables is fixed, which makes it a zero-
sum game.
The aim of this chapter is to find an optimal strategy for the players in this game—
a so-called equilibrium—and to compare it to the setting in the played game.
Fudenberg and Tirole (1992) summarize: “a Nash equilibrium is a profile of
strategies such that each player’s strategy is an optimal response to the other
buyers’ strategies” (p. 11).
The implication of a Nash equilibrium for supply chain risk management (SCRM)
is that the configuration of a supply chain is only then optimal to a specific supply
chain participant, if it is favorable to all participants. The term “configuration”
addresses the organizational and interorganizational constellations and the
related risk drivers described in the beginning of this chapter.
The Nash equilibrium is defined by Nash (1950) as:

an n-tuple Si
* is an equilibrium point if and only if for every i,

 ( ) ( )* *max ;
i

i i ii iall r
S S rπ π =  . Thus an equilibrium point is an n-tuple Si

* such that
each player’s mixed strategy maximizes his pay-off if the strategies of the
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others are held fixed. Thus each player’s strategy is optimal against those
of the others. (p. 3)

Subscripts in the definition are: πi, which are the payoffs of the players i,
following mixed strategies ri. When the term n-tuple is used, we refer to a set of
items that are each associated with a mixed strategy. A mixed strategy of a
player i, in turn, is a collection of non-negative numbers, which have unit sum and
are in one-to-one correspondence with the player's pure strategies.
In the supply chain game, two game settings exist, as shown in Figure 3. In the
first, the two supply chains compete against each other, trying to maximize their
respective share of the fixed customer demand. This game can be simplified by
considering only the dealers as players, that is, an exogenous game constellation.
The game shows a two-player game setup, similar to that described by Cachon
and Netessine (2004). To simplify the analysis shown in the section “Static, Non-
Repetitive Game Analysis,” we assume the game to be a unique, single-period
game, in which no time-dependency exists. This means that decisions in former
games have no influence on decisions in the round analyzed. The aim is to
evaluate whether or not a Nash equilibrium for dealer collusions exist. The initial
assumption can be relaxed in the section “Exogenous, Infinite-Horizon, Inven-
tory Game Analysis,” where time dependency is introduced for a specific
infinite-horizon game. Here, the aim will be to analyze which optimality condi-
tions exist for a single dealer in a duopoly described by the supply chain game.
The third analysis considers endogenous games, in which single players compete
in two-player games. These games are comparable to the inventory-games
described by Netessine and Rudi (2003). They will be adjusted to this context in
the section “Endogenous, Single Period, Inventory Game Analysis.”

Static, Non-Repetitive Game Analysis

In essence, the two-player-game corresponds to the Newsvendor Game that
Cachon and Netessine (2004) use as a basis for their analysis. As shown in
Figure 7, the game is “symmetric and non-cooperative, which means that the
players are indistinguishable, except for their names, and make decisions at the
same time” (Morris, 1994, p. 59). The subscripts { }, 1;2i j∈  are used for the two
players or dealers. The price the dealer demands this round is pi, that of the last
round is  ip� . The pay-offs are πi.
Every player decides on the price pi of its product at the beginning of every round.
The exogenous demand, symbolized by Di, is then set according to the demand
function of the customer. The price scenario, shown and discussed above, is
inextricably intertwined with the following demand function:
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If both players reduce their price, the total monetary market volume shrinks due
to the fixed demand in tables within this duopoly, irrespective of the total budget.
Conversely, the market grows when both decide to raise their price in equal
amounts without changing the demand allocation. Market growth is indicated by
the size of the letters in the matrix. The unit costs of the product are ci and the
unit revenues are ri. The order quantity of the dealer is given by Qi. In the supply
chain game, the products that Dealers 1 and 2 sell are substitutable. As a result,
if the demanded price of Dealer 1 is too high, the customer simply buys from
Dealer 2.
Each player wants to maximize payoffs by minimizing warehousing costs and
maximizing earnings corresponding to demand. Deduced from the general
optimization problem, this is a very strong assumption to make. However,
relaxing this assumption would change the model to an extent as to make it
irrelevant for use on the supply chain game model, where both dealers deliver to
the same end-consumer. From the common Newsvendor Game, we arrive at the
following optimization problem:

 ( )[ ]max max min ,
i i

i D i i i i i
Q Q

E r D Q c Qπ = − (2)

Figure 7. Symmetric decision matrix for the dealer game
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ED marks the expected demand. Therefore, the function is a demand maximizing
problem in which the variable order quantity Qi needs to be optimized. In Figure
8, the schematic game setting in the analyzed game is presented.
A strategy in this game is optimal when the best response function in relation to
the competitors demand is maximized. The best response function is defined by
Cachon and Netessine (2004) as follows: “Given an n-player game, player i’s
best response (function) to the strategies yi of the other players is the strategy
yi- that maximizes player i’s payoff πi (yi,yi-)” (p. 17). The inventory level  is the
variable to be optimized by determining the corresponding order quantity Qi. The
ability of a dealer to deliver the exact amount of tables ordered (service
reliability) only plays a role in the next games. Therefore, it is assumed here that

Figure 8. Game settings in the single period game
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the best response for the dealer is determined by its ability to maximize demand.
Since demand is dependent on the price settings in relation to that of the
competitor in this duopoly, the optimal price setting of a dealer is where his best
response function reaches a local maximum. As Figure 9 shows, the best
response for a dealer in this duopolistic game setting would be to choose a price
at approximately 78% of the price the competitor chooses.
According to the definitions of Nash (1950) and Fudenberg and Tirole (1992)
above, a unique or multiple equilibria exist when the best response functions of
the competitors have one or many intersections. Each intersection marks an
equilibrium. As can be seen in Figure 10, no equilibrium exists for the duopoly
under the assumption above and a single period analysis. Therefore, no ideal
price setting can be found for every dealer to maximize his own profit without
counteracting the objectives of his competitor.
Collusions might be an alternative arrangement by which every dealer can
maximize his profits. In the supply chain game, agents are given the opportunity
to agree on a common strategy after every game period, consisting of 10 rounds.
Three variations of common strategies were agreed upon in our simulation. The
first was that every agent orders the same quantities from its supplier. The
second considered fixed prices, so that the supply chain can effectively compete
against the other, and the third was free competition among the supply chain
members. The quantity agreement was reached only once. However, this
strategy failed, as could be expected, because order quantities of the customer
result out of the price set by the dealer and, therefore, hardly stay constant. This
is a strategy that comes closest to the centralized inventory management model
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analyzed by Netessine and Rudi (2003). Further analysis of the strategy is
abandoned here because it has no significance to the game. The second strategy
was more relevant because it showed interesting results. Figure 11 shows the
pricing strategy alternatives a dealer has in the supply chain game.
The area under a line represents the accumulated profit of a dealer over 10
rounds. The “Random Price” line shows the realistic pricing equivalent to that
made in the supply chain game. As can easily be seen, this strategy amounts to
suboptimal revenue developments. It might be added that this is the only of the
four strategies that conforms to antitrust regulations. A more optimal outcome
to an individual dealer is represented by the case where the two agree to take
chances at offering their products at 80% of the other’s price. Hence, oscillating
revenues result, as the line “80%-Collusion” shows. In the next strategy, both
agree to offer their products at the same price, which amounts to a 50% market
share for both players. Another interesting observation is the strategy marked
“Defect to 80%.” This makes clear why this game has no equilibrium. A
participant in collusion, as marked by 80% or 50%-Collusion, always has an
incentive to defect by making use of his knowledge about the other’s pricing
strategy, even though it promises only slightly higher payoffs (compare Nash,
1950). However, when doing so, the competitor will soon realize that his
competitor defected and go back to the “Random Price” strategy.
Figure 12 shows the realistic results gained from the first simulations with the
supply chain game. The data analyzed only considers the games in which the
players chose the advanced transportation and communication alternatives.
One would assume that profit and risk sharing among supply chain members, as
propagated by modern SCM and SCRM theory, would ultimately increase joined
accumulated profits. However, the supply chain game indicates that it is of little
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advantage to any member. It must be added that the represented amount of
simulations is not significant. However, it indicates that free competition is the
better option for all agents. One might also add that other reasons for this result
might be that important variables of real supply chains, like the importance of
innovation out of R&D investments, are missing, and that the games in which
supply chains colluded showed less market growth than those with free compe-
tition. Future simulations with the supply chain game will have to state whether
the first assumptions are correct.

Exogenous, Infinite-Horizon, Inventory Game Analysis

As discussed, the infinite-horizon game is an extension of the single-period game,
by introducing time dependency. Netessine, Rudi, and Wang (2004) discuss an
inventory-competition model, which is aimed at deducting incentives to backorder.
The setup is similar to what we described here, in that they define a duopolistic
setup between two suppliers (retailers) competing for orders. However, several
assumptions they make are relaxed in this game model. One is that they “assume
that the first-choice demand does not depend on any past decisions made by the
competing firms” (Netessine et al., 2004, p. 7). In this model, a time dependency
is incorporated, which forms a core element in the supply chain games demand
allocation. A further deviation marks the exogenous demand function, which is
a modification of (1) and which will be discussed later. A restriction to this model
is that, implied by the supply chain game, both dealers deliver to only one
customer. This does have relevance to real supply chain constellations because
there is an abundance of SMEs delivering to only one OEM.
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The infinite-horizon model is given by the same subscripts as described in the
previous section, “Static, Non-Repetitive Game Analysis.” Enhancements to the
model above are the periods t = 1,..., n of observation, as indicated in Figure 13.
The inventory of a dealer is given by 1 1t t t

i i ix y d− −= − , where 0t
ix ≥ . The order

quantity of the dealer is symbolized by iQτ , where ( )T Ct T Tτ = − +  marks the time
delay of deliveries. The time lag in the time dependency is therefore created by
transport time, which is given by { }1;2TT ∈  (rounds) and communication time by

{ }1;2CT ∈  (rounds). An assumption for this game-theoretic model, predeter-
mined by the supply chain game, is that the dealer of Supply Chain 1 always
orders an order quantity iQτ  from the carpenter of Supply Chain 1, who, in turn,
buys from the saw mill of Supply Chain 1. In addition, we assume that the supplier
(carpenter) always delivers the exact quantity ordered. Inventory replenishment
is hence described by t t

i i iy x Qτ= + . Constraints to the subscripts are 0iQτ ≥  and
t t
i iy x≥ . Price per period in the infinite-horizon model is denoted by 0t

ip ≥ .
Since this model reduces the customer base of the dealers to one, the exogenous
demand  ( ; )t t t

i i jD p p  denotes the total demand of the customer from both dealers
as described by (1). Exogenous demand adheres to the constraint:  0t

iD ≥ . Total
exogenous demand is fixed at }{20;28tD ∈ , which marks demand before and after
“market growth” in round 4. Hence, total exogenous demand is given by
 t tt

i jD D D= + . In an infinite-horizon game, whether a dealer ran out of stock in
the previous round also matters. This is why a penalty for non-delivery, given by

t
i∂ , is incorporated by  t t t

i i iD D= ∂ . The penalty has the following characteristics:
 ( )11

11
1

min ;
( ; )

tt
iitt t

ii i t
i

y D
y D

D

−−
−−

−∂ = , where  0 1t
i≤ ∂ ≤ . The optimization condition aims

Figure 13. Infinite horizon game constellation
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at minimizing negative stock deviation or understocking. The inventory balance

equation is:  1 tt t
ii ix y D+ = − . A profit maximizing dealer tries to turn over his total

inventory once per round, whereby the delivery quantities would equal the
inventory levels. When a dealer decides on his inventory level yi

t for the period,
his single-period expected net profit under the lost sale assumption is in
correspondence with (2), given by:

 ( ) { }min ; ; 1 ;2 ; 1,...,
t tt t tt t t
i ii i i ii i iE r y D h y D c Q i t nπ  = − − − ∈ ∀ =   (3)

Thereby, it becomes a profit-maximizing problem, in which stock deviation from
demand needs to be minimized. Corresponding to the last section, “Static, Non-
Repetitive Game Analysis,” cost and revenue parameters of the dealer are the
unit costs ci

t unit revenues ri
t and unit inventory holding costs hi. In analogy to

Netessine et al. (2004), the total profit of the dealer over infinite periods, starting
with initial inventories  1 11

1 2( ; )x x x≡  as is the case in the supply chain game,
amounts to:

 ( )
( )
( )

( )

1

1

11 1

2

1 11 1 1

( ) min ;

min ;

min ;

min ;

t t tt t t t t t
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i iii i i i i i i
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i i iii i i i i i i

t

i iii i i

y D E r y D h y D c Q
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∞

=
∞
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i i iii i i i i i i
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i iii i i i i i i
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E r y D h y D c y c y D
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c x E r y D h y D c y c y D

i t n
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To derive this result,   t t t
i i iQ y x= − and  11 1 tt t t t

ii i i ic x c y D
−− −= −  for t ≥ 2 are

inserted. Further, we assume that the revenue  min( ; )
tt t
ii ir y D  for   

tt
iiy D>  consists

of the sold quantity  ( )  
tt

iir D⋅ , from which opportunity costs  ( )  
tt t

ii ir y D ⋅ −   are
subtracted. Substituting the variable part of the optimization results to:

 
( ) { }1

1
( ) , 1;2 ; 1,...,

tt t t
ii ii i i i

t
y D c x E G y i t nπ

∞

=
> = + ∈ ∀ =∑ (5)

where

 ( ) ( ) ( )( ) ( )( )
{ }1;2 ; 1,...,

t t tt t t t t t t t t
i i iii i i i i i i i iG y r c D r c D y h c y D

i t n

= − − − − − + −

∈ ∀ =
(6)

Now we introduce the notation  t t t
i i iu r c= −  for understocking costs or lost profit

(opportunity costs), and  t t
ii io h c= +  for overstocking costs. The expected single-

period net profit is therefore:

 ( ) ( )
{ }

( )

1;2 ; 1,...,

t t t tt t t t t t t
i i i ii i i i i i iy D E u D u D y o y D

i t n

π  > = − − − −  
∈ ∀ =

(7)

To determine the single-period profit-maximizing combination, the first deriva-
tive is made. Since demand is a function of the order level, the hidden derivate

is given by 
 t

t i
i t

i

DD
y

∂′ =
∂

. It is assumed that the demand distribution  t
iD′  can be

approximated by a non-linear function with inventory-level dependency. The
single-period derivative is:

 

( )

1 1 ( )

1 ( )

t t t t ti t t t t ti i i ii i i i it
i

t t tt t t t t
i i ii i i i i

u D u D o D Br D y
y

u D u o D Br D y

π∂ ′   ′   ′  = − − + − <         ∂
′   ′  = − + − <     

(8)
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( )t t t
i i iBr D y<  defines the best response of i and thereby the profit-maximizing point

with the hidden variable dependencies of t
iy . For 

 
0

t
i
t
iy

π∂ =
∂  we get:

 
{ }( ) ; .; 1;2 ; 1,..., .

1

t tt i it t
ii i t t t

i i i

u DBr D y C C const i t n
u o D

′
< = ⋅ = = ∈ ∀ =

′+ −

(9)

It can be seen that the best response function consists of an endogenous part,
consisting of the variables for unit costs t

ic  and unit revenues t
ir , and an exogenous

part consisting of the quotient derivative of the non-linear demand distribution.
Lippman and McCardle (1997) have demonstrated in their Newsvendor Game
that this Nash equilibrium exists. Netessine and Rudi (2003) show that this is a
unique and globally stable equilibrium.
Re-introducing the notation t t t

i i iu r c= −  for understocking cost or lost profit
(opportunity cost), and t t

i i io h c= +  for overstocking cost gives more insight into the
optimality condition:

 
{ }( ) ; .; 1;2 ; 1,..., .

1

t t tt i i it t
ii i t t

i i i

r c DBr D y C C const i t n
r h D

′−< = ⋅ = = ∈ ∀ =
′+ −

(10)

Figure 14 schematically shows the path of the optimality condition (10). The
profit function in the unique Nash equilibrium of this model shows a hyperbolic
path and the unit costs function shows a linear path.

Both variables, unit costs t
ic  and unit revenues t

ir , span a three-dimensional plain,
which results in a shift of the exogenous part of the best-response function. For
further interpretation of this global Nash equilibrium, refer to the section,
“Outcomes.” The exogenous part is not considered in the graph and can only be
incorporated once precise approximations can be made. Therefore, the graph
only represents an idealized path with linear distribution.

Endogenous, Single-Period, Inventory Game Analysis

The supply chain game constellations analyzed up to now show that the main
game variable relevant for the optimization of a player’s pay-offs is the inventory
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level of an agent i. Therefore, this section follows the same approach, analyzing
the optimal inventory constellation of an agent i within the supply chain. For a
model of the interactions within the supply chain as shown in Figure 3, two
scenarios are given by Netessine and Rudi (2003). The first is a centralized
inventory-management model, where the assumption is made that an overall
inventory management is in place. The second is a decentralized-inventory
model, in which every agent manages his own inventory. The experience made
in the supply chain game shows that it is questionable how high the information
connectivity must be to enable a centralized inventory management across the
supply chain and to which extent supply chain members are prepared to give
these decisions out of hand. The option of centralized inventory management
was, therefore, abandoned in this section. The decentralized inventory-manage-
ment model corresponds to that of Netessine and Rudi (2003). The optimal
decision of agent i depends on the vector of inventory levels of the other agents
in the same supply chain because one agent cannot substitute the product of its
supplier against the product of an agent of the other supply chain. Staying with
the notation of the analysis above, the inventory level of the agent is given by yi
and that of the other agents by yi-. For simplicity of the model, a single-period
model is regarded; therefore, it does not contain time dependency. Demand Di
is then to a great extent influenced by the demand function given by (1). The
function determines the demand of the dealer, which, in turn, is biased by the non-
delivery penalty. An approximation of the demand distribution in this model Di is
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given by a linear demand distribution function of the order quantity of the
predecessor, which is a function of the inventory level of agent i. The expected
profit of agent i in analogy to (4) is therefore given by:

[ ]
( ) ( )[ ]{ } { }

( ; )
; 1;...; ;

i i i i i i i i i i i

i i i i i i i i i i

y y E u D u D y o y D
E u D u y D o y D i n D y

π − = − − − −
= − − + − ∈ <

(11)

A game-theoretic situation arises where agent i will employ the best-response
strategy iy� , which agent i plays to iy − in an competitive environment. The
equilibrium condition is therefore given by:  ( ) ( ); max ;

i
i i i i i i

y
y y y yπ π− −=� . The best

response will be denoted by  ( )i i iy Br y −≡� . Given yi-, it can be verified that πi is
concave in yi. To obtain the best response, the first derivative of πi with respect
to yi results in the following expression:

 
( ) ( )[ ]

( )( )[ ] { }

1 1 ( )

1 ( ); 1;...;

i
i i i i i i i i i

i

i i i i i i i i

u D u D o D Br D y
y

u D u o D Br D y i n

π∂ ′ ′ ′= − − + − <
∂

′ ′= − + − < ∈
(12)

The best response under the condition that  .i
i

i

DD const
y
′∂′ = =

∂
 and  0iD′ ≥  is then

characterized by the following familiar expression for:

 { }( ) ; .; 1;...;
1

i i
i i i

i i i

u DBr D y C C const i n
u o D

′
< = ⋅ = = ∈′+ − (13)

Interestingly, the result is the same as it was for the infinite horizon dealer game.
This insinuates that the optimality condition of the exogenous game corresponds
to that of the endogenous game. For the task of finding globally adequate
incentives, this is a very valuable finding.

Outcomes

For the infinite-horizon game model, we have found a unique, globally stable, pure
strategy Nash equilibrium, which is characterized by:
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{ }( ) ; .; 1; 2 ; 1,..., .

1

t tt i it t
ii i t t t

i i i

u DBr D y C C const i t n
u o D

′
< = ⋅ = = ∈ ∀ =

′+ −

(14)

as was the case for the inventory game with:

 { }( ) ; .; 1;...;
1

i i
i i i

i i i

u DBr D y C C const i n
u o D

′
< = ⋅ = = ∈′+ − (15)

As described above, first indications lead us to the assumption that demand for
the dealer-game can be approximated by a non-linear function of higher order.
Conversely, demand for the internal game can be approximated by a linear
function. A comparison of these results shows that the internal best-response
function then contains a numeric constant, whereas the dealer game’s best
response contains the above-named exogenous function of the order greater
than zero. Since warehousing and product costs increase to the end of the supply
chain,  i endo i exoh h< ,  t t

i endo i exoc c<  and  t t
i endo i exor r< . Using the assumption that they

differ in equal amounts, we can deduce that:

 t
i i

t t
i i i i

u u
u o u o

≅
+ + (16)

If this holds, we can follow from (14) and (15), for a single period that:

 exo endoBr Ext Br= ⋅ (17)

Brexo stands for the best response of the dealer game, and Brendo for that of the
inventory game. The term Ext in (17) is the time-dependant, non-linear factor,
which characterizes a negative externality to the supply chain. Externalities are
effects not directly reflected in the market. In the supply chain, it is the factor
causing higher inventory levels upstream in the supply chain, without an
equivalent remuneration (Pindyck & Rubinfeld, 1989). In this case, it amounts to
the quotient of the endogenous and the exogenous parts of the best-response
functions. Since the critical variable in the profit-optimization problem was that
of inventory levels, the interpretation of these results shows that 0 < Ext < 1.
This implies that the externality naturally induces higher inventory levels for
internal supply chain members in comparison to those members with access to
the market. This finding corresponds to the supply chain game, where an extreme
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profit difference was noted in favor of the downstream supply chain, although the
game settings were biased in favor of the upstream supply chain.
As mentioned before, literature in which game theory was applied to supply chain
or logistics problems, as shown by Netessine et al. (2004), deducted equilibria for
warehousing problems between two agents. Comparing these equilibria for the
internal and external case in the researched game, we found that a natural
disadvantage exists for upstream supply chain members, which induces a risk for
all members. This pinpoints a barrier that in our mind can only be overcome by
means of incentives. These need to fulfill two tasks: aligning supply chain
objectives, and eliminating the risk that defection is a feasible option for a single
supply chain member.

Future Trends

High inventory levels influence the cost reduction capabilities of a supply chain.
Inefficient inventory management causes market price increases when over-
stocking occurs. On the other hand, understocking causes shipment quantity
inaccuracies, a lack of supply availability, and has a negative impact on the
volume mix requirements. All are supply risk characteristics as described by
Zsidisin (2003) and are directly caused by the bullwhip effect. As we showed in
the supply chain game, the bullwhip effect can only be mitigated up to a certain
extent when implementing classical supply chain management measures such as
improved communication and transportation infrastructure. As long as supply
chain members follow different objectives, warehouse management or stocking
along the supply chain will be inefficient and ineffective.
Chopra and Meindl (2004) identified three general categories of incentives for
SCM by which common supply chain risk management objectives can be
coordinated: aligning incentives across functions, pricing for coordination, and
changing sales force incentives from sell-in to sell-through. The first involves
coordinating the objectives of any function with the firm’s overall objective. All
facility, transportation, and inventory decisions should be evaluated based on
their impact on profitability, not total or local costs. Pricing for coordination
shows a model by which the market power of a manufacturer is regarded. If a
manufacturer has no market power but large fixed costs associated with each
lot, he should use lot-sized quantity discounts to achieve coordination for
commodity products. Where the manufacturer has market power, he should
introduce price discrimination by using two-part tariffs and volume discounts to
help achieve coordination (Besanco, Dranove, Shanley, & Schaefer, 2004).
Given demand uncertainty, manufacturers can use buy-back, revenue sharing,
and quantity flexibility contracts to spur retailers to provide levels of product



384   Blecker, Kersten, Späth, & Koeppen

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

availability that maximize supply chain profits. Altering sales force incentives
from sell-in to sell-through reduces the incentives for sales persons to push
products to the retailer. Linking sales directly to the point-of-sale data can give
supply chains a better planning horizon and considerably reduce variation of
manufacturer sales compared to end-consumer demand (Blecker et al., 2005).
Any such incentive has the potential to further reduce inefficiencies like the
bullwhip effect.
As can be seen from our game results, supply chain inefficiencies caused by the
bullwhip-effect had a negative impact on supply chains that did not collude. The
game showed great standard deviations of revenue for these chains, where the
dealers could react fastest to end-consumer demand fluctuations. Thereby, they
gained the highest revenues. The game-theoretic models also show that Nash
equilibrium exists for the non-cooperative settings. Therefore, the only options
supply chain risk managers have to reduce the risk of supply chain members
defecting is to impose high penalties on supply chain members who defect, which
is not very realistic, or to create incentives, which shift the Nash equilibrium to
a more favorable setting.

Conclusion

Competition among single companies is increasingly giving way to competition
between supply chains. SCM has, therefore, gained increasing importance in
corporate management. However, due to the nature of human interaction, the
nonconformity of objectives fosters supply chain risks, which often jeopardize
supply chain competitiveness. This stresses the necessity for new SCRM
approaches in SCM. Such an approach can be an incentive framework whereby
supply chain risk managers can mitigate organizational and interorganizational
risk drivers. We have shown in a game, simulating interactions within and among
organizations, how supply chain management techniques reach their boundaries
when objectives are not aligned. To further analyze and pinpoint the drivers
within these interactions, game-theoretic models of sections within and between
the supply chains have been generated. These have shown that an external
effect exists when comparing the Nash equilibria of the so-called inventory and
dealer games. First indications exist that the externality is responsible for the
profit gradient along the supply chain. If this is the case, incentives or an incentive
framework can be developed to counteract this effect in SCRM.
The analysis of the supply chain game showed that a manual business game can
simulate the complex circumstances of supply chains. With this, an excellent
testing scenario has been developed on which the incentives could be simulated
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without unnecessarily risking unfavorable outcomes for entire supply chains or
having to wait for a long time before the outcomes can be validated.
Contemporary SCM has paid little attention to the alignment capabilities of
incentives. In addition, the risk potential of the nonalignment of supply chains has
been neglected. Therefore, effective incentives can enable the alignment of
decisions across the entire supply chain, by which the efficiency and service level
of the entire supply chain can be maximized while optimizing profitability of all
supply chain members. The importance of incentives, therefore, not only
becomes an asset to SCM, but, in addition, SCRM gains a new field of research
by extending organizational and interorganizational risk drivers by introducing the
risk of the defection of single supply chain members when their objectives are
not aligned with those of the entire supply chain.
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Chapter XIV

Smart Integrated
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Operational Networks and
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in the Digital Environment
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Jan Harestad, OilCamp AS, Norway

Abstract

As the oil and gas (O&G) production business on the Norwegian Continental
Shelf (NCS) stepped into a new development path termed the “3rd efficiency
leap” since the year 2003, Smart Integrated eOperations is widely
acknowledged as the way forward to deal with this inevitable change.
Smart Integrated eOperations appears to be re-engineering the industry
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structure. Within the next few years, new policies and practices will
establish operational networks and collaborative partnerships between
O&G producers and the service-support-supply market through active
integration for effective and efficient management of offshore production
assets. Adaptation of Smart Integrated eOperations is largely stimulated by
rapid development in application technology, large-scale information and
communication (ICT) platforms, and the foreseen substantial commercial
benefits of well-integrated collaborative industry infrastructure. This is a
very novel macro-scale program, and the Norwegian O&G Industry has
already launched major initiatives in this regard to realize its fully
functional status by the year 2010. The sophisticated information and
communication platform called Secure Oil Information Link (SOIL) and
Onshore support centres (e.g., ODC and OOC of ConocoPhillips, Norway)
represents major icons of this digital era. However, as per the existing
circumstances on NCS, this long-range development scenario presents
itself with a multitude of challenges, particularly those relating to human
and organizational interfaces, which have to be overcome to ensure long-
term sustained benefits.

Introduction and Background

In general, the global business environment today is becoming more and more
complex, very dynamic, and highly uncertain. Both short-term and long-term
commercial success in this environment call for the adoption of new thinking and
innovative solutions to reduce risk and to add value (refer to various insights from
Faulkner & Rond, 2001; Hosni & Khalil, 2004; Keen, 1997; Lindgren &
Bandhold, 2003; Neef, 2003; Tidd, 2001). In the new era, complexity has defined
some unique dimensions for competition, and interconnectivity has already
become an imperative (Barabasi, 2003; Lewin, 2001).
North Sea O&G production environment, in particular, has been encountering
significant challenges over the last few years particularly from the beginning of
year 2000, and subsequently the O&G business activity in Norway is currently
undergoing some strategic changes. The major part of the Norwegian O&G
production portfolio is gradually approaching the tail-end phase in its production
life cycle. An interesting observation is also that many small O&G companies are
moving into the Continental shelf with interests on gaining commercial success
by improving overall supply levels through development of marginal fields. Major
concerns under the existing circumstances mainly relate to cost of ownership
and operational efficiency. While technological advancements have been quite
catalytic for a range of developments in this respect, the Norwegian O&G
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Industry is encountering various other challenges, compelling it to reduce
commercial risk and to add more value.
As aforementioned, under the current circumstances, there is an amalgamation
of forces that compel a step change within O&G Industry on NCS. Those that
are of major impact include:

• Declining oil production and rising operating costs on the Continental Shelf
• Serious focus on volatile oil price and its direct implications on profit

performance of offshore production assets
• Subsequent pressure to seek novel ways and means to enhance operational

efficiency and reduce cost of operatorship
• Decline in investments and activity level hampering sustained growth on the

shelf.

Subsequently, the O&G production scenario on the Norwegian Continental Shelf
(NCS) gradually has stepped into its so-called “3rd efficiency leap” since the year
2003. As the Norwegian Oil Industry Association (OLF) points out (OLF, 2003),
this “3rd leap” focuses on a new development path to adapt a smarter and a more
integrated operational environment within the next few years and towards 2010.
Some of the major technical issues of interest, for instance, include:

• Exploiting the advancements in application technologies
• Robust information and communication technology platforms (ICT)
• Adapting novel data management techniques to manage technical and

operational data

A unique feature of these developments is that it re-engineers the industry
infrastructure that supports the activities in offshore assets. It brings the O&G
producers, service contractors, and support & supply organizations closer
together, opening up greater opportunities for active cooperation through opera-
tional networks and strategic partnerships based on advanced technological
capabilities. These developments follow similar trends, for instance, as discussed
in Dyre (2000), Spekman (2003), During, Oakey, and Kauser (2004), Tonchia
and Tramontano (2004), and the like. On NCS, this new setup led to what is
termed Smart Integrated eOperations. Issues related to this new development
scenario were also envisioned in the government white paper, “Storting White
Paper No. 38 (2003/2004) On  Petroleum Activities.”
This chapter aims to elaborate on the unique features of Smart Integrated
eOperations; the nature and scale of integration and collaboration between
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O&G producers, service providers, and support & supply organizations; a brief
overview of some current settings related to large scale ICT network (SOIL);
and the successful implementation and use of onshore support centres such as
those of ConocoPhillips. Those major support programs with socio-political and
macro-industry interests, and major challenges that have to be overcome for
realization of full-scale benefits are also being addressed.

The “3rd Efficiency Leap” and the
Smart Integrated E-Operating Structure

The “3rd efficiency leap” is characterised by those strategic, tactical, and
operational steps that enable a major transition and thus help to realise the long-
range development path against the gradual decline scenario of O&G production
on NCS (see Figure 1).
The new setting, to a great extent, focuses on:

• Efficient exploitation of marginal (i.e., those with limited reserve prospects)
and mature (i.e., those with declining production) fields;

• Effective ways and means to manage economical exposure and operating
risk for large-scale and small-scale producers;
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Figure 1. Reducing commercial risk and enhancing value creation on NCS
through 3rd efficiency leap (OLF, 2003)
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Figure 2. Asset process re-engineering for smart operations through
application technology
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• Strategic use of advanced application technology and joint industry compe-
tence to improve offshore activity and productivity; and

• Efficient and effective data management platforms to enhance real-time
decision support and work process optimization.

As this writing, major initiatives are underway to refine and re-engineer operational
activities across three major asset processes—Drilling and Well Operations,
Reservoir Management and Production Optimisation, and Operations and Main-
tenance. Substantial performance improvements are foreseen through these re-
engineering efforts that will subsequently enable online monitoring and real-time
collaboration involving major players on the NCS (see Figure 2).
The other supportive processes of this integrated environment encompass
mainly license administration and e-commerce (i.e., logistics and procurement).
In principle, the long-range development scenario constitutes twofold specific
features:

• Smart integrated setting:  Implies that both offshore assets and onshore
support systems (i.e., O&G producers, service contractors, support &
supply organizations) are tightly integrated and activities are managed
adopting smart tools, techniques, and methods to enhance operational
efficiency and cost effectiveness.

• eOperations:  Provides an indication of the greater reliance on advanced
application technology and the digital capability to enhance offshore-
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onshore connectivity to ensure that decisions can be made and actions can
be implemented in a far more profitable and a safe manner.

This setting compels the industry to look more closely and strategically towards
establishing necessary collaborative partnerships and operational networks
connecting offshore facilities, O&G producers with third-party organizations
who have core competencies, resources, and capabilities. In fact, in the current
industrial environment, such cooperative strategies and collaborative partner-
ships have become cornerstones for competitive advantage and commercial
success (see, for instance, Dyer, 2000; Faulkner & Rond, 2001; Spekman, 2003;
and the like).
OLF (2003) proclaims that the advancement towards this new integrated
collaborative operational setting on NCS, in general, will have substantial
commercial benefits. Major paybacks are anticipated in terms of:

• Prolonging commercial lives of offshore production assets;
• Improving recovery and regularity by optimising reservoir, well, and plant

performance; and
• Bringing more positive health, safety, and environmental results.

As of this writing, the economical speculations are, in fact, a 10% increment in
oil production from the continental shelf and, at the same time, a 30% reduction
in overall operating costs.

Towards Operational Networks
and Collaborative Partnerships

As aforementioned, Smart Integrated eOperations will redefine and re-engineer
the Norwegian O&G Industry structure by establishing tightly integrated online
and real-time collaborative partnerships with service contractors, support &
supply organizations, and expert services using large-scale ICT platforms, within
the next few years. In principle, this looks into systematic integration of core
competencies, skills, and resources to build operational capability resorting to an
advanced techno-organizational setting. The underlying core interest is in
achieving commercial success in the digital era through highly reliable and secure
collaborative networks eliminating geographical barriers (see also Hosni &
Khalil, 2004; Tonchia & Tramontano, 2004). The new environment on NCS has
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a major emphasis on creating a synergy among core business sectors and is built
upon:

• New forms of interorganizational partnerships and operational cooperation;
• Shared responsibilities and roles, and space for joint competence exploita-

tion;
• Technical integrity, network security, and 24/7 connectivity;
• Rapid access to skills, knowledge, and information; and
• Advanced communication capability to enhance operational intelligence.

To a greater extent, the current activities on NCS are dedicated to acquiring the
preliminary digital capability that establishes the secure and reliable network of
technical expertise connecting largely dispersed discipline experts and compe-
tent organizations for online real-time collaboration. It creates a setting where
a formal land-based physical organization is coupled with an active virtual
organizational environment (also refer to During, Oakey, & Kauser, 2002;
Lipnack & Stamps, 1997; Mankin, Cohen, & Bikson, 1996). Structurally, the new
setting on NCS integrates operational and technical data with well-defined
strategic sources for knowledge and competencies to retain the technical
integrity of offshore assets to reduce underlying commercial risk. Figure 3
illustrates the technical infrastructure of this new setting.
As aforementioned, such an integrated operating environment has sustained
benefits at various levels. Those major benefits that it yields in short and long
terms, both from a commercial and socio-political standpoint, depend on the
following two important issues:

• Level of actual integrity realized and the nature of collaboration agreed
upon between active partners; and

• Level of reliability, security, and agility instituted within the collaborative
network.

From a pure commercial standpoint, it is important and beneficial insofar as it sets
the basis to gradually acquire:

• Decision optimisation capability through connectivity: Enabled through
joint exploitation of advanced technologies and ICT capabilities for remote
monitoring, and real-time operational and technical data sharing.
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• Activity optimization capability through integrity: Enabled through
tighter integration of work processes, cooperative decision loops, and
effective and efficient division of work between offshore assets and
onshore support system.

Decision and activity optimization capability, within the new network and
partnership-based environment, is largely strengthened by the application tech-
nology. A clear progression is seen today in the technology implementation and
exploitation strategies across the industry. Partner industries, particularly those
related to electronic and communication technologies in general, have a major
role in this digital environment to establish a stable and a reliable technical
infrastructure to support decisions and work processes. As of this writing, major
technological advancements are visible in the use of, for instance:

• Fiberoptic-based ICT net and wireless communication capability;
• Real-time visualization, 3D visualization, and simulation tools;
• Smart sensors, intelligent transducers, and equipment with advanced

functionalities;
• Online diagnostic and prognostic engineering capability;

Figure 3. Operational network and collaborative partnership
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• Process automation and real-time data acquisition techniques; and
• Online video monitoring and conferencing facilities.

While such application technology provides the technical infrastructure to create
the operational network, the form of collaboration and level of partnership mainly
depend on the extent to which such a technical infrastructure is actively utilized
for three purposes (Figure 4):

• Electronic information sharing;
• Decentralization of decision loops; and
• Work process re-engineering.

Producers on the NCS, service providers, and the support & supply organizations
have felt the pulse of this change. They have already begun to look more
seriously into interorganizational interface development with competence profil-
ing and mapping to create a mutually beneficial work setting that is compatible
with the technical demands and organizational needs. The joint effort by various
business sectors has already helped towards:

• Challenging conventional organizational barriers between onshore inte-
grated operational centres located at different premises. This is to allow
joint monitoring of activities from different locations yet coordinated at the
premises of the licensee. The major implication as of this writing is on
decision optimisation, where personnel from expert competence sources
are more actively involved. At the core of this lies revision of
interorganizational partnerships for more coordinated use of dispersed
industry’s competence

• Integrated use of advanced engineering products, robust information and
communication tools and techniques, and data management, and interpre-
tation tools. This introduces new work distribution patterns between

Figure 4. Core elements for network-based collaborative operational
environment
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offshore assets and onshore support systems with a great potential to
reduce offshore headcount. It creates a more knowledge-based environ-
ment and redefines competence profile with subsequent demands for highly
educated personnel with multidisciplined backgrounds capable of perform-
ing multiple tasks.

The trend and subsequent demands for new policies and practices seem to have
direct implications across various corners ranging from coordinated competence
management, smart products, to data management and interpretational services.
The progression is more towards re-engineering the conventional practice to
make it more technology based, information dependent, and knowledge driven,
traits acknowledged as the way forward to enhance efficiency and effectiveness
of offshore production activity (see also Dyer, 2000; Spekman, 2003; Tonchia &
Tramontano, 2004).
In its full operational status, Smart Integrated eOperations will pull together a set
of core characteristics within operational, organizational, technological, and
human aspects. The resulting operating environment is subsequently expected to
be a major enabler for:

• More active collaboration between mutually dependent disciplines (e.g.,
between health & safety, engineering modifications, budgeting, etc.), and
also between partner companies (e.g., major producers, service contrac-
tors, and support & supply chain) in an integrated environment.

• Use of more advanced information and communication technology, particu-
larly to bring together discipline experts, producers, and service markets
into a more effectively interfaced corporative platform increasing the
24/7 connectivity regardless of the geographical location.

• Use of processes, techniques, and products to effectively and smartly
integrate voluminous technical and operational data, experience data, and
tacit knowledge into one common operational setting. Real-time access to
data (e.g., using such advance tools as 3D visualization, VisiWear, etc.),
and a broad spectrum of expertise in tightly integrated networks is expected
to facilitate faster and better operational decision making and work-process
optimization.

• New formulae for division of work between offshore and onshore organi-
zations, introducing a new work setting that introduces a new culture of
responsibility sharing between offshore and onshore organizations, and
between major players. It subsequently demands re-engineering of tradi-
tional human-technology-organizational interfaces, at both the macro and
micro scale.
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• Considerable changes to conventional organizations in order to establish
multidisciplinary virtual teams and organizations that consist of skilled and
competent personnel from structurally distinctive yet strategically compat-
ible organizations.

Figure 5 illustrates the major premises where such an integrated and a collabo-
rative environment sustain to actively function.
Large-scale fiberoptic-based ICT network termed “SOIL” and “Onshore online
support centres” remain the major enablers of rapid development today. Such
Onshore online support centres have begun to appear both at the premises of
major producers (ConocoPhillips, BP, Norsk Hydro, Statoil) and service-
support-supply organizations (e.g., BakerHughes INTEQ, OilCamp, RC-DEI,
and the like) that allow 24/7 online real-time connectivity with the offshore
control rooms, offshore equipment, and activities. Such centers represent
principal nodes in the complex digital network.

Secure Oil Information Link
(Soil): The “ICT” Nerve

The network-based and collaborative environment requires a highly robust ICT
infrastructure to support the core tasks and activities (see reflections from
Clarke, Coakes, Hunter, & Wenn, 2003; Gunasekeran, Khalil, & Rahman, 2003;
Tonchia & Tramontano, 2004). Secure Oil Information Link (SOIL) introduced
in 1998 to the NCS, is the result of the current industry demand to acquire
necessary digital capability through a large-scale network and centralized
information system. Such a system needs to be:

Figure 5. Major premises for active functionality within the new collaborative
network
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• highly reliable (stable and dependable);
• secure (control of access and routing); and
• possess a large bandwidth (high-traffic capacity).

Today, SOIL is extended into the UK and functions as a collaboration arena, a
secure interconnection point, and an industry network. This digital network
between offshore facilities, major producers, and third-party organizations
facilitates the connectivity through the use of fiberoptic cables, radio links, and
satellite communications (Figure 6). For enhanced services, SOIL provides
several shared applications including, for instance, RigCamp and SOIL Direc-
tory.

• RigCamp: This is a combined network and an application solution based
on the Norwegian RigNet Standard that was agreed upon by a group of
O&G producers in 1996 to standardize and deliver more efficient IT
solutions on offshore rigs in the North Sea. As of this writing, it is a centrally
managed data, voice, video, and communication service for the O&G
Industry. This enables drilling contractors, O&G producers, and service &
supply companies to operate on one common and secure IP network. The
solution delivers voice, fax, video, and data over the IP-protocol.

• SOIL directory: This is a read-access to a complete directory service
with information on member companies and employees. This further allows

Figure 6. Information and communication capability through SOIL
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a centralized synchronization service that can synchronize a company’s
internal directories with that of the SOIL directory, for instance, to enable
faster access to personnel to call for specific competencies, services, or
expertise under specific circumstances. Directory personnel information is
also utilized for secure access to SOIL services from the Internet.

A unique feature of SOIL application today is that it has moved the information
sharing and communication capabilities from formal “One-to-One” or “Many-to-
Many” project-based setting to a “One-to-Many” collaborative setting.

• One-to-One or Many-to-Many: This describes the conventional setting
where major O&G producers provide limited access to handle complex
technical data only for those contractual business partners on the basis of
project-specific applications and/or complex databases.

• One-to-Many: This setting, on the other hand, is based on the provision of
value-adding collaboration services on top of the established network
infrastructure and allows consolidation of the traditional complex network
infrastructure into one single hub, building 24/7 online and real-time
information-sharing and communication capabilities between O&G pro-
ducers and their business partners. This is one of the most important
application setting for onshore-based remote integrated operations or
simply “e-fields.”

To enhance the interorganizational connectivity for a fully integrated smart
operating environment, SOIL provides some key application services that
include:

• SOIL meeting: A service enabling virtual meetings between member
companies. The users can share applications, a common chat-channel, a
common whiteboard, and file-transfer functions. The participants need to
use a teleconferencing system during the virtual meeting for better voice
quality. SOIL meeting also facilitates cross-company IP-based video
services for conferencing in integrated operations.

• LicenseWeb-based access: Gives the user a secure login to the
LicenseWeb application from the Internet, using a strong authentication
provided by Managed User Directory (MUD) of OilCamp.

• E2E monitoring: A Web-based application that automatically monitors
real-time network performance between operations on offshore rigs and
onshore operation centers, providing a live control panel and trend reports.
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This supplies the users with vital real-time network status information
during remote operations.

• Proex: A Web-based solution to structure, define, execute, and follow up
on tasks and activities in projects and/or work processes. Such projects can,
for instance, involve various partners from different geographical locations,
taking up specific roles and responsibilities in the project.

As of this writing, SOIL-based applications are largely used across the Norwe-
gian O&G Industry by major O&G producers, engineering companies, contrac-
tors, drilling companies, component producers, equipment suppliers, consultancy
services, logistic service providers, and expert services. The membership status
has grown from a total of 20 in 1998 to approximately 160 by the end of 2004 just
before the extension of SOIL to the UK sector. SOIL has opened up substantial
opportunities to build necessary digital information and communication capabili-
ties across the onshore and offshore environment in North Sea.
The O&G Industry, by far, has begun to rely more and more on integrated ICT
solutions. Subsequently, the digital capability it requires, demand for more
innovative solutions that enable faster decisions and quicker actions. For
instance, such smart solutions as VisiWear provide wireless video communica-
tion solutions through a simple man-wearable, intrinsically safe conferencing
system. It comes in handy and gradually appears to become integrated compo-
nents of advanced ICT solutions that the industry is willing adapt to manage
offshore facilities in the current highly challenging environment. Notably, it also
opens up opportunities for manning offshore facilities with relatively fewer
cross-trained people who are connected 24/7 with onshore specialist support
groups. This has very positive economical and safety implications given the
capital-intensive and high-risk nature of offshore activities.

Onshore Support Centers
of Conocophillips

Norway: An Icon of Success

ConocoPhillips Norway (COPNO) is the third-largest energy company in
Norway, with seven production licenses and interests in 25 non-operated
licenses. A major share of COPNO’s O&G activities are concentrated on the
fields in the Ekofisk area that is located in the southern part of the North Sea,
some 280 kilometers southwest of Stavanger. The first discovery of O&G at
Ekofisk in 1969 converted Norway into one of the world’s major petroleum
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producers. Enormous values and invaluable experience were gained in this area
of the North Sea. Ekofisk is still one of Norway’s biggest oil-producing fields, and
COPNO has drawn major plans to retain it on stream for few more decades. The
Ekofisk field has been in production since 1971, and today there are 29 platforms,
with 18 of them are currently in operation. The Norwegian Directorate for
Cultural Heritage has declared the first Ekofisk platforms as a cultural monu-
ment.
COPNO has been working on major plans to enhance the recovery and to
optimize production from the Ekofisk area more strategically, particularly
exploiting advances in application technology. For instance, the wellhead plat-
form 2/7D Embla is remote operated from the Eldfisk Complex. In 1996, the
originally manned production platforms 2/4A and 2/4B were converted for
unmanned use and remote operation from the platform 2/4K. These initiatives
that brought some early signs of a major transition also brought many positive
outcomes, particularly within production, facility maintenance, and operating
costs. For instance, in Ekofisk A area, the reduction in cost by 2001 amounted
to approximately NOK 47 million in comparison to figures in 1995. However,
these technological applications did not introduce notable and significant changes
to the operational organization in the Ekofisk Area.
Since 1998, COPNO has been stepping forward and making necessary commit-
ments to make some significant changes to the operating mode in Ekofisk area.
It has been gradually building the necessary ICT infrastructure with smart
application technology to build remote monitoring capabilities at its premises in
Stavanger. Consequently, in early 2003, the Onshore Drilling Center (ODC)
came into operation after a dedicated project that spread across a period of seven
months, with a total project cost of approximately USD 5.5 million. The ODC is
mainly dedicated to drilling activities and well operations in Greater Ekofisk
asset, and after a mere 23 months of continuous operations, it has become an icon
of success in the exploitation of technology, decision and work process optimi-
zation, and multi-disciplinary interorganizational collaboration. Figure 7 is a
diagrammatic illustration of the physical layout of a generic onshore support
center.
The ODC at COPNO, for instance, is divided into three functional areas, namely:

• Operational room: Where online monitoring of offshore activities is
enabled. This is equipped with tabletop workstations and back-projected
large visual display units (VDUs). Remote work is carried out in this room,
and down-hole tools, severs, PCs are all operated remotely.

• Collaboration room: Where online communication between offshore
facility and onshore support system takes place. This is equipped with
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Figure 7. Onshore support center (An illustrative example)
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video-conferencing facilities, CCTV, and other advanced technological
capabilities (e.g.,VisiWear, Smart boards) for joint decision-making.

• Visualization room: Where complex data from reservoir and production/
injection wells are processed to enhance visualization. This is equipped with
advanced technology to produce 3D images and to run simulations.

The technological capabilities built into ODC, together with the access via the
ICT infrastructure enabled by SOIL, has resulted in the establishment of a form
of virtual support organization for offshore activities in Ekofisk through a
network of collaborative partnership. The current setting has paved the way to
establish a 24/7 online real-time connectivity between:

• Offshore and onshore organization of COPNO;
• Different technical disciplines (e.g., data engineers, operation geologists,

drilling engineers, reservoir engineers, safety risk analysts, etc.);
• ODC and service providers for Ekofisk (e.g., BakerHughes INTEQ,

Halliburton, etc.);
• ODC and ConocoPhillips global (with further expansions to the existing

corporate network to receive expert support, for instance, from Aberdeen,
UK, Houston, Texas, or Alaska, USA, on an as-needed basis); and

• ODC and other competence centers, both national and international (with
further expansions and technical mergers between dispersed application-
service providers and network operators).
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Figure 8. Digital capabilities for collaboration through partnerships and
networks. The setup at ConocoPhillips today for Smart Integrated
eOperations through ODC and OOC.
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The technical and organizational infrastructure that contributes to further
enhance 24/7 connectivity with core-competent third-party sources is still
subject to gradual and systematic expansion.
COPNO has taken further initiatives to establish another shore-based support
center termed the Onshore Operating Center (OOC) to further enhance
collaboration within the Ekofisk operational network. This involves tactical and
operational integration of critical support disciplines such as Planning & Sched-
uling, Logistics, Production optimization, and Operations & Maintenance.
Figure 8 illustrates the current operational configuration that integrates Ekofisk
asset and collaborative onshore support system.
The new setting has brought a major change to the operating environment of
COPNO. After a very successful effort, the ODC has been in successful
operation for a period of over two years. It has brought significant advantages
in various technical, organizational, and operational terms. The payback of initial
engineering and implementation cost, in pure financial terms, was realized in just
seven months. Major savings of up to USD 22 million were reported within the
first two years of operations, where a substantial portion relates to improved
decision making and resource management. Tangible benefits include reduction
in man-days up to 2473, and a subsequent reduction in onshore-offshore
transportation logistics of up to 302 helicopter seats.
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Obviously, not all the benefits of active integration related to operations of high-
risk and capital-intensive assets can financially be justified, particularly those
critical, intangible ones. COPNO has achieved other major benefits of the
collaborative work setting, for instance, in terms of:

• Successful exploitation of cutting-edge application technology to introduce
a change that has resulted in a major boost for a stream of further
developments;

• Development of digital capability for remote monitoring and operation of
offshore facilities from onshore centers;

• Enhanced decision making and optimization of work processes with proven
success;

• Creation of a continuous learning environment where different expertise
can be brought to a common platform for joint data analysis and simulation,
where experience can be transferred more effectively to solve on-the-job
problems;

• Directly addressing current critical problems associated with the aging
workforce and the subsequent impact on the tacit and explicit knowledge
that gradually leaves the company;

• More flexible use of the best of competence inclusive of those that remain
elsewhere within the organization and those that remain external to the
organization;

• Substantial reduction in occupational health and safety-related risk with the
transfer of personnel from offshore to onshore based monitoring and
support environment; and

• Much stronger partnerships that have long-term commercial benefits.

Certainly, the new network-based and collaborative operating environment has
already proven its ability to deliver commercial success. The new thinking and
practice has brought great potential for expansions on a substantial scale that can
lead to a completely different technological setting and operating mode. The
ongoing developments, at some stage, will be directly coupled with major
technological achievements, for instance, related to down-hole separation, geo-
steering, reservoir stimulation, and the like.
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Major Programs Under
Professional Support Pillars

Given the direct implications of new plans and current activities at the socio-
political level, some support initiatives have also been commenced by major state
and public institutions. For instance, the actions taken by Norwegian Petroleum
Directorate (NPD)/Norwegian Safety Authority (Ptil) and Norwegian Oil
Industry Association (OLF) represent serious underlying interests, primarily at
the political and macro-industry levels to ensure the achievement of targeted
benefits through a smooth transition process. This mainly has a historical
standpoint particularly relating to commercial risks (see, for instance, Duffey &
Saull, 2003; Perrow, 1999; Wong, 2002).

E-Operations Forum at the Norwegian Petroleum
Directorate (NPD)

The introduction of eOperations on the Norwegian shelf represents an important
step towards major achievements from the viewpoints of resource exploitation
and prudent resource management capability. NPD’s primary interest, simply
put, is on the new formulae that the new developments introduce to enhance
recovery efficiency in the most attractive manner from economical, safety, and
environmental perspectives, bridging conventional gaps within the industry.
The government has a major interest in the ongoing developments owing to the
long-term implications of the new development scenario. It implies that there are
continuing efforts from authorities to actively be involved and to play a strong and
supporting role. The government and the authorities seem to have understood
that the success in the digital era from high-risk offshore activities calls for an
effectively integrated industrial infrastructure that enhances the corporation
among various core business sectors. This has major implications on the more
strategic use of advanced technological capabilities and bridging the existing
gaps among the fairly diversified industry competence. The effective supportive
structure needs to be established in such a way that it enables better regulation
of the integrated infrastructure through a productive synergy.
Thus, as the authoritative body, NPD has made early arrangements to initiate
active collaboration within the O&G Industry to promote more effective and
efficient use of eOperations on NCS. This helps target significant results based
on meaningful integration and active collaboration among the core business
sectors within the industry, breaking the conventional barriers that may pose a
real threat due to nonstandard, ill-defined, and inconsistent practices. The NPD,
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thus, has taken an important initiative establishing a Forum for eOperations
(“eDrift Forum”), where licensees, service contractors, support & supply
companies, R&D institutions, IT companies, and authorities meet to share
information, knowledge, and experience on this subject matter. The aim is to
actively look for comprehensive solutions, rather than those that are highly
customized with a sole reference to specific internal customs. It also is to ensure
that the underlying interests of the Norwegian state are satisfied, yielding the
best of benefits through a productive synergy between major players in core
business sectors.

Programs and Activities by Norwegian Oil Industry
Association (OLF)

The OLF has undertaken the task of addressing some of the important areas,
seeking to navigate the new development path through a practice with assured
consistency for common standards across the industry. Within the thematic
interests of OLF, it has defined some major technical disciplines that provide the
necessary basis for a collaborative and a supportive infrastructure. These
include:

• Data integration;
• Digital infrastructure;
• ICT security;
• Information quality;
• Knowledge-based industry; and
• Integrated work processes.

OLF has formed a steering group to support the ongoing activities and programs
with representatives from core business sectors to work on a 5-10 year road
map. This has greater emphasis on creating an industry infrastructure that is
cooperative and effective in the best possible way to enhance resource exploi-
tation on NCS, while meeting statutory and regulatory demands. To a greater
extent, the task of the steering group relates to the quality of digital services in
the new setting that positively contribute to:

• Quality assurance of robust solutions for effective management of real-
time data from subsea and top-side facilities, and activities to provide rapid
solutions;
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• Third-party access to the digital infrastructure on NCS for the development
of systems and routines for information safety, particularly on systems
where authoritative demands exist, because of the impact on the society;

• Development of a common data-integration platform for various production
phases, discipline areas, and organizations, based on international standards
and Web technology;

• Development of multidisciplinary digital services on the basis of data
integration of various disciplines and active use of multidisciplinary knowl-
edge and competencies; and

• Establishment of an effective dialogue with all interested parties in industry,
R&D institutes, and authorities to enhance communication to clarify
industrial standpoints in relation to major challenges and critical issues.

To realize the principal expectations, promoting industry-wide cooperation for
programs and activities, disciplinary experts are actively involved from O&G
producers, service providers, and support & supply organizations. OLF, in
particular, has a major role in the establishment of the most productive collabo-
rative environment and professional network bridging the traditional gaps
between major players and various sectors across the Norwegian O&G Indus-
try.

Future Development

In general, the entire industry remains optimistic about the future and the positive
impact of recent initiatives. With reference to the nature of the ongoing re-
engineering process, it appears that the full-scale transition will occur through
three successive phases:

• Integration across core disciplines: This phase largely focuses on the
establishment of onshore support centres, formal division of work and
personnel between offshore-onshore organization, competence mapping,
and compilation across integrated disciplines that allow greater space for
in-sourcing core expertise and competencies from service, and support &
supply markets. This is more localized mini-scale integration within the
producers’ premises, creating a collaborative environment across major
disciplines for joint decisions and activity planning.

• Integration across assets and business sectors: Here the focus will be
on production asset-based integration. The emphasis will mainly be on the
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establishment of collaborative environment bringing service-support-sup-
ply markets closer to the producers’ operational environment. Digital ICT
capabilities will be used more actively to bridge the dispersed onshore
control centres located at the premises of service-support-supply organiza-
tions with that of the producers. This has direct implications on the client-
service-support-supply interface management. This is more localized
micro-scale integration within the industry infrastructure, bringing different
business sectors closer together by creating collaborative networks and
B2B partnerships.

• Integration across portfolios and global operational regions: At the
third phase, integration will take place across all the production assets in the
portfolios of major producers and across their global operational regions.
This enhances the global connectivity through more active use of wireless
ICT networks. This is more global macro-scale integration, where critical
political and authoritative issues will have to be addressed.

In fact, the level of success that such a systematic and incremental development
path can yield will also be defined by the underlying efforts that are required to
cross some major hurdles (see discussions, for instance, in Glico & Mohr man,
1990). While development of technology and its successful implementation are
challenges themselves, a major requirement is also to resolve those critical issues
at the very micro-organizational level that induce major resistance as change
impediments. A great proportion of such critical issues remain within human and
organizational aspects. Some of those challenges, in general, include:

• Trade union matters related to, for instance, employment conditions,
compensations, and so on;

• Division of work between onshore-offshore and implications of headcount
reduction;

• Formal offshore work schedules and work handovers;
• Organizational concerns about significant changes in offshore-onshore

“customs” and its direct implications on operational risk;
• Organizational infrastructure to support change and change absorption

capacity of humans; and
• Security and the reliability of the common ICT infrastructure.

Furthermore, with the forthcoming expansion of activities to a global scale, the
path to establish the best practice and thus to achieve commercial excellence has
to overcome some critical issues at the macro-organizational level that particu-
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Figure 9. From contract-based relationships to B2B collaborative
partnerships
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larly relate to building strategic interfaces and networking with fairly diversified
industry infrastructures in other strategic regions. This includes, for instance:

• Client-service provider strategy and organizational interface;
• Technical interface for extended onshore-based communication network;
• Data filtering logic, data security, and interorganizational trust;
• Political divisions and differences in authoritative regimes;
• Risk- and gain-sharing frameworks and liabilities;
• Performance assessment frameworks and performance incentives;
• Technical standards and consistency in technical language; and
• Rate and scale of change versus change absorption capability.

In general, the industry appears to have already understood that the success in
the new setting is defined by a partnership-based network and the level of
collaboration. It has already started to break down the conventional barriers
between major O&G producers and the service-support-supply organizations.
This implies that the industry structure is gradually moving from a demand-
supply-based contractual relationship to a more risk- taking and gain-sharing
B2B collaborative partnerships  (Figure 9).
The new setting will also have notable impact on the compensation format
(Figure 10). The formal contractual relationship that agrees on the lowest cost
or flat market rate will greatly be challenged to adapt a share-winning policy.
Such a policy will be based on a scenario where compensations will be agreed
upon based on the extent of risk undertaken and the level of performance
enhancements.
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While the most productive interface between O&G producers and the service/
support/supply market needs to be carefully addressed and redefined, the
industry-push and the technological-pull will continue to directly influence rapid
development seeking immediate commercial benefits without too much of risk
exposure for all parties involved.
A critical general concern—both at socio-political and industrial levels—is that
ill-defined interfaces and increasing complexities of systems and data solutions
can lead to unforeseen consequences, greater vulnerability, and greater risk.
This pays considerable attention to the important human, organizational, and

Figure 10. From market-based compensation to share-winning policy
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Figure 11. Synchronizing the dispersed development trend
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technical aspects. The experience today is that the rate of growth of technologi-
cal applications is relatively far ahead of the rate of absorption of change and
change adaptation by the formal organizational environment and the personnel
(Figure 11). It implies that the current development trends along technological,
human, and organizational aspects are largely dispersed and the pace of
development takes place at different rates and scales. With the growth of
realization that this setting will actively contribute to chaos and complexities
exposing the stakeholders to greater risks, a major portion of the industry has
begun to look more seriously at a more synchronized development path that
establishes a harmonized setting across critical human, organizational, and
technological aspects.
Even though this has a greater tendency to slightly prolong the integration efforts,
the argument is that such a systematic move will have substantial long-term
payback rather than a rapid solution that would eventually induce a stream of
unforeseen events requiring “ad-hoc solutions” or “quick fixes” that will be too
costly to bear (see examples from Chapanis, 1996; Dekker, 2002; Mill, 1992;
Noes & Bransby, 2001; Perrow, 1999; Wong, 2002). It implies that there is a
growing necessity for more cautious review of the current pace of the develop-
ment, underlying demands, and a more sensible framework to resolve those
strategic, tactical, and operational issues before advancing into a rapid develop-
ment path. They can remain in the shadow; yet can induce major barriers to
active collaboration (for further information, see Liyanage, 2004a, 2004b, 2004c,
2005a, 2005b).

Conclusion

Since 2003, the Norwegian O&G Industry has stepped into a long-term devel-
opment path termed the “3rd efficiency leap” as the solution to dealing with the
gradual decline of O&G activities and production on NCS. This has introduced
what is termed Smart Integrated eOperations that greatly emphasize the more
active exploitation of application technologies, new data- and knowledge-
management techniques, and re-engineering of the industry infrastructure to
actively integrating O&G producers with the service-support-supply market
during the next few years towards 2010. The principal focus is to enhance cost
effectiveness and operational efficiency of offshore O&G production activities
for sustained major commercial benefits, capitalizing on smart tools, techniques,
methods, and applications to establish a fully integrated environment. The large-
scale ICT network called SOIL and onshore remote monitoring centers (e.g.
ODC and OOC of ConocoPhillips) represent the major icons of the rapid-change
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process that currently is in place on NCS. SOIL provides the necessary ICT
infrastructure for one-to-many connections and E2E monitoring capability, while
onshore control centers represent major nodes of an active network for 24/7
online real-time connectivity. The new setting has already started to introduce
major changes within decision loops and work processes, actively involving
service contractors, support & supply organizations. Current developments on
NCS and underlying long-range plans are typical examples as to how digital
capabilities can smartly be exploited to manage high risk and complex production
assets to establish operational networks and collaborative partnerships between
owners of such assets and service-support-supply organizations in a challenging
environment for sustained commercial benefit.
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