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ABSTRACT 

"Where are we now in the evolution of supply chains and what has to occur to 
advance along the continuum? " (Bowersox et al., 2000) 

This thesis aims to go some way to answering this question, by undertaking an empirical 

investigation of two major evolutionary issues emanating from the literature: 

1. The increasing importance of managing knowledge in supply chains, 

2. The application of supply chain practices beyond manufacturing- into services. 

Existing supply chain literature largely focuses on asset and information elements of 

exchange between supply chain partners in manufacturing contexts. Yet the exchange 

and management of knowledge is not so well understood despite its increasing 

'importance as more complex business dynamics shift towards competing supply chains. 

The above issues are developed through a synthesis of the supply chain literature, and 

analysed through adopting perspectives from knowledge management and service 

operations research streams. Three particularly relevant supply chain knowledge 

dimensions emerge: knowledge transfer, competence and maturity. Investigating the 

impact upon performance of these dimensions within manufacturing and/ or service 

supply chain contexts constitutes the research focus of this thesis. 

Literature-based definitions of the main constructs are adopted and three sequential 

essays developed. The first essay explores the transfer of structural and procedural 

components of knowledge in manufacturing supply chains. The second essay investigates 

the cultivation of this knowledge into specific skills comprising supply chain 

competence. Direct comparisons are made between manufacturing and service contexts. 

The final essay develops the supply chain maturity concept, as defined by level of 

collaborative knowledge sharing across appropriate practices, and assesses impact in the 

evolving service-oriented supply chain context of Healthcare. 

The empirical investigation is based upon rigorous mail, telephone and Internet survey 

data collection methodologies and multivariate data analysis techniques such as multiple 

regression, structural equation modelling and set correlation analysis. 
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CHAPTER 1- INTRODUCTION 

"In my mind, business practices of the future will be defined in a new unit of 
analysis: the supply chain (not the individual organisation)... Based on my 
observations of trends in industry, the supply chain will become the effective unit 
of competition. " (Handfield, 2002) 

This current and commonly held viewpoint in the operations management literature has 

not come `out of the blue'. Operations management has been evolving as a subject of 

study from its foundations in factory management, production engineering and industrial 

engineering, to a more inclusive subject encapsulating operations and manufacturing 

strategy, service operations management, and supply chain management (Voss, 1995; 

Meredith, 2001). In particular, a steady evolution of literature and practice has been 

taking place on supply chain issues over the last 15 years or so. 

"During the latter part of the 1980s and all through the 1990s the field of 
operations management was exposed to a host of research opportunities... Perhaps 
the greatest impact on the operations management research stream in this time 
frame was supply chain management. " (Krajewski, 2002) 

This impact of supply chain management upon the operations management research 

community has not been surprising, given that its wider impact upon modern society as a 

whole has been profound. As New (1997) clearly argues: 

"The activities, processes and relationships which fall under the supply chain 
label are central to industrial modernity. To a very large extent, the details of life 
for all of us are deeply affected by supply chain phenomena... The shape of cities 
and the evolution of the countryside are driven by the logistical and locational 
decision making... The ways in which firms deal with suppliers and customers 
determine the contours of the economic terrain. The flow of goods through the 
supply chain is the life-blood of the modern world. " 

And he summarises: 

"[Supply chain management] is simply the most practically and intellectually 
significant theme within current managerial and economic research. " 

The original moves into supply chain research came as a result of realising that what had 

been studied for single firms should now be examined from the perspective of a chain of 
firms. Material and information dependencies between firms brought on a great number 

of interesting issues ranging from the strategic to the operating level. A considerable 
body of supply chain literature has emerged, with empirical researchers as well as 
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modellers working on the very real problems experienced by business managers 

(Christopher, 1992; Lamming, 1996; Saunders, 1998; Hines, 2000). Clearly, 

practitioners have been keen to stay up-to-date with supply chain management issues and 

have implemented important concepts that have emerged from the many published 

papers on the topic. These concepts have been put into practice by managers striving to 

achieve the combined benefits of improved cost, flexibility, delivery and quality (Hayes 

& Wheelwright, 1984 ). In fact, such is the extent of current practitioner interest in the 

development of supply chain management, that the Harvard Business Review recently 

launched a special three-issue ̀ spotlight' on the 2l century supply chain: 

"Managing the modern supply chain is a job that involves specialists in 
manufacturing, purchasing, and distribution... it is also vital to the work of chief 
financial officers, chief information officers, operations and customer service 
directors, and, certainly, chief executives. Changes in supply chain management 
have been truly revolutionary, and the pace of progress shows no signs of 
moderating. " (HBR Spotlight, 2004) 

Supply chain theory and practice have evolved hand-in-hand through the 20th century 

resulting in the emergence of modern lean, agile and leagile paradigms (Lamming, 1996; 

Harrison et al., 1999; Christopher & Towill, 2001. Nevertheless, at the beginning of the 

21s` century, many organisations still find that the competitive benefits of developments 

in supply chain management remain elusive (Davenport, 1998; Bowersox et al., 2000; 

Fawcett & Magnan, 2002). This indicates a failure to fully get to grips with the 

complexities of managing modern real-world supply chains. At least it would appear that 

there are still fundamental gaps in academic and practitioner understanding that need to 

be investigated (Frohlich & Westbrook, 2001). 

One major area for improving understanding relates to the twin concepts of integration 

and collaboration that lie at the heart of modern supply chain thinking. Many studies 

relating to flexibility in supply chains, buyer-seller power, inventory replenishment, and 

the `bull-whip' effect have made clear that organisations have to break down inter- 

organisational barriers to smooth uncertainty and enhance the control of supply chains 

(Lee et al., 1997a). However, it is evident that the value of collaborative integration with 

upstream suppliers and downstream customers (Stevens, 1989) is limited if it is 

restricted to `hard' asset, data and information levels of exchange. 
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Exemplary companies, such as Dell, have shown that there are tremendous future 

benefits for those companies that `go the extra mile' in terms of supply chain integration 

and collaborative working with supply chain partners (Magretta, 1998). Academics and 

practitioners alike feel that it is the mechanisms underlying supply chain integration and 

collaboration that hold the key to better understanding and improvements in supply chain 

management. Yet an aura of `je ne se pas' still surrounds just how such collaborative 

supply chain integration is achieved in practice (Lee, 2004; Slone, 2004). 

Important academic research has identified that acquiring the benefits of true 

collaborative supply chain integration is likely to require broader arcs of integration that 

go beyond asset, data and information levels to incorporate the exchange of opinions, 

expertise and knowledge (Frohlich & Westbrook, 2001). Yet, managing such `soft' 

dimensions as opinions and expertise may incur a step-change in terms of theory 

development and practice implementation. In fact, supply chain academics and 

practitioners are coming to a similar conclusion to the one the manufacturing stream did 

some years ago: 

"The hard stuff is easy. The soft stuff is hard. And the soft stuff is more important 
than the hard stuff. " (Hayes & Pisano, 1996) 

Academics have argued that it is precisely the softer issues of managing expertise and 
knowledge within the supply chain that are likely to be the key to the continuing 

evolution of theory and practice (Bowersox et al., 2000). It seems common sense that to 

achieve true collaboration between supply chain partners requires developing knowledge 

sharing. Yet, very little work has been done to explore such crucial and complex 
knowledge dimensions of supply chain management (Croom et al., 2000) and this 

represents a significant gap in the literature. 

To address this conceptual literature gap, as well as answer calls for new perspectives to 

be brought into the supply chain field from other disciplines *(Stock, 1997), this doctoral 

study seeks to transfer appropriate theories and concepts from the emerging knowledge 

management literature. Krajewski (2002) stresses the importance of interdisciplinary 

research to the field of supply chain management, stating: "I think we still have a long 

way to go. " As with supply chain management, the knowledge management stream of 
literature is multidisciplinary and offers particularly relevant and useful new insights 

regarding inter-organisational knowledge creation and transfer (Ingram & Baum, 1997), 
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knowledge adoption and development (Cohen & Levinthal, 1990), and knowledge 

evolution (March, 1991; Levinthal & March, 1993; Miller & Chen, 1994). Such new 

perspectives gained through applying the `knowledge lens' (Amundson, 1998) could 

prove invaluable in deepening understanding of the mechanisms underlying truly 

collaborative integration. 

In addition to conceptual development, new supply chain contexts are also evolving. 

Whilst the great majority of the supply chain management literature has advanced with 

manufacturing organisations in mind (Slack & Bates, 1997), it is clear from practitioner 

organisations such as the Supply Chain Council that service organisations are also keen 

to benefit from the implementation of appropriate. supply chain concepts and practices. 

Bringing managerial principles from manufacturing to service operations contexts per se 

is not always recommended, however it can often impart beneficial results (Levitt, 1976; 

Bowen & Youngdahl, 1998). Giannakis (2001) recognises that this consideration of 

evolving service supply chains versus `traditional' manufacturing settings is another 

significant gap in the literature. 

Thus to address this contextual literature gap, this doctoral study seeks to investigate 

conceptual knowledge dimensions within appropriate manufacturing and/ or evolving 

service supply chain contexts. In the process, relevant concepts from the manufacturing 

and service operations literatures are considered. These include perspectives taken from 

studies on service quality (Roth & Jackson, 1995; Zeithaml et al., 1996), new service 

development (Froehle et al., 2000), and service strategies (Kellogg & Nie, 1995). Also, 

studies from the services stream of literature have highlighted two particular service 

contexts as potentially benefiting from implementing supply chain concepts and worthy 

of study- the financial services industry and the healthcare service sector. 

In summary, to gain a more profound understanding as to how supply chain theory and 

practice will continue evolving into the 21S` century, important conceptual and contextual 

gaps in the literature need to be addressed. The following section outlines the research 

focus of this doctoral study and how it aims to contribute to the continued development 

of the evolving supply chain. 
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1.1 THE RESEARCH FOCUS 

"Where are we now in the evolution of supply chains and what has to occur to 
advance along the continuum? " (Bowersox et al., 2000) 

This dissertation aims to go some way to answering this question, by undertaking 

empirical investigations of what emerge from the literature as being important conceptual 

and contextual issues in the way that supply chains, and their management, are evolving. 

In particular two gaps are identified in the literature, analysis of which should improve 

understanding as to what has to occur to advance along the evolutionary continuum. 

These evolutionary gaps highlight the need for research in the following areas, and 

represent considerable opportunities for this doctoral study: 

Consideration of knowledge dimensions in supply chains, 

2. Consideration of manufacturing and service supply chain contexts. 

Furthermore, any judgement relating to progressing along the evolutionary continuum 

requires consideration of the impacts upon supply chain performance. Thus this doctoral 

study addresses the Bowersox et al. (2000) evolutionary question by synthesising supply 

chain literature and adopting new perspectives, mainly from the knowledge management 

streams of research, to investigate the following overall research question: 

What is the impact of knowledge dimensions in manufacturing and service supply 
chain contexts? 

Three particularly relevant knowledge dimensions that emerge from the combined supply 

chain and knowledge management literature are: supply chain knowledge transfer, 

supply chain competence and supply chain maturity. These correspond to a logical 

progression from creation and transfer; through knowledge acquisition and improvement; 

and finally to the evolution of knowledge in the supply chain. Such mechanisms 

underlying knowledge development are recognised by different literature streams as 
being crucial to organisational evolution and form the basis of a unifying framework that 

this study proposes for supply chain knowledge management. The unifying framework is 

further developed to formulate the overall conceptual research model for this doctoral 

study. 

Consideration of the specific knowledge transfer, competence and maturity conceptual 

constructs within manufacturing and/ or service supply chain contexts identifies three 
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focused topics for investigation. Each topic addresses a specific primary research 

question relating to the impact of each of the above knowledge dimensions in fitting 

supply chain contexts. Subsequent development and analyses of these research questions 

forms the content of three consecutive essays in Chapters 5,6 and 7. 

In essence, each essay constitutes an empirical investigation of one of the above 

knowledge dimensions within particular context(s). The three essays follow the 

developmental sequence of. i) an exploratory study of knowledge transfers in 

manufacturing supply chains; ii) the direct comparison of an established competence 

construct in manufacturing and service supply chain contexts; and iii) the development 

and investigation of a `supply chain maturity' conceptual framework, as defined by 

collaborative knowledge sharing across appropriate integration practices, in the evolving 

healthcare service supply chain context. 

Each essay is based upon a separate empirical data collection, respectively implementing 

and developing `best practice' mail, telephone and Internet survey methodologies. The 

data collected includes objective measures of supply chain performance and allows for 

the appropriate creation of scales based upon existing literature. In order to address the 

stated research questions appropriate multivariate data analysis techniques, such as 

multiple regression analysis, factor analysis, structural equation modelling and set 

correlation analysis are employed. 

The following sub-sections outline the more precise research focus for each of the three 

essays. 

1.1.1 Investigating Knowledge Transfer in Manufacturing Supply Chains 

The majority of existing supply chain literature and empirical research has focussed on 

asset, data and information levels of exchange. Whilst these are relatively well 

understood and widely considered by literature, there is another element of exchange that 

is not so clearly comprehended- knowledge (Giannakis & Croom, 2004). Yet, as the 

emphasis of competition shifts from individual companies towards competing supply 

chains, the management of the more extensive knowledge transfers amongst supply chain 

partners is becoming increasingly important (Bowersox et al., 2000). More specifically, 

there is a need to explore the effect upon operational performance of inter-firm 
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knowledge flows. Such knowledge flows can take the form of. i) structural, or 

declarative, knowledge such as shared information on inventory level, delivery frequency 

etc.; and ii) procedural aspects of knowing and collaboratively acting in terms of 

planning, forecasting, coordinating etc. (Kogut & Zander, 1992). The increase in 

complexity involved in this move from an asset, data and information level of analysis to 

one of knowledge sharing between supply chain partners leads to new insights with 

future implications upon supply chain research and practise. In particular, the knowledge 

management field of research offers new and helpful perspectives as supply chains and 

their management evolve, and is called-upon to address the research question 

investigated by the first essay: 

RQ I: "What is the impact of knowledge transfer in manufacturing supply 
chains? " 

This research question is explored by the essay in Chapter 5, which investigates the flows 

of knowledge between a manufacturer's upstream suppliers and downstream customers. 

The impact upon performance of these knowledge transfers is assessed. The literature 

suggests that manufacturers rely on knowledge generated up and down the supply chain. 

A set of hypotheses is evaluated using data from the International Manufacturing 

Strategy Survey (IMSS) on 338 European companies to test predicted impacts upon 

performance. Findings show that while knowledge inflows from both upstream and 

downstream directions are related to a manufacturer's performance, knowledge derived 

from customers is especially important. Furthermore, the interaction between upstream 

and downstream knowledge has the strongest link to performance. This paper extends 

both the existing knowledge management and supply chain management literature, and 

its theoretical contributions are discussed. The managerial implications of upstream and 

downstream sources of knowledge in the supply chain as well as further research are also 

discussed. 

1.1.2 Comparing Supply Chain Purchasing Competence in Manufacturing and 

Service Contexts 

Supply chain concepts that have been developed and observed in manufacturing contexts 

are being extended and implemented in service supply chain contexts. These relatively 

new evolving supply chain contexts pose new challenges both to practitioners and to 

researchers, and present interesting comparative opportunities for doctoral investigation. 

16 



One particular opportunity for direct comparative research between manufacturing and 

service contexts lies in investigating the links between organisational competence and 

performance (Cox, 1997; Knight, 1998). A definition of supply chain competence 

emerges from both knowledge management and operations management literature as the 

improvement of knowledge into specific individual and organisational skills. 

Manufacturing and service contextual implications show that there are particularly good 

comparative opportunities on the supply (upstream) side of the supply chain. Therefore, 

this study contributes to the literature by investigating relationships between the supply 

chain knowledge dimension "purchasing competence" (Narasimhan et al., 2001) and 

performance across service and manufacturing contexts. Thus the second essay develops 

and investigates the following overall research question in Chapter 6: 

RQ2: "Is supply chain purchasing competence equally applicable to 
manufacturing and service supply chains? " 

This essay empirically compares purchasing competence in financial services and 

manufacturing sectors, and assesses the respective impact upon purchasing performance 
levels. Data was collected using rigorous telephone survey methodologies on 200 

European companies with turnovers in excess of $400 million, evenly distributed 

between financial services and manufacturing sectors. Established scales for both 

purchasing competence and purchasing performance are adopted from the literature 

(Chao, 1993; Narasimhan et at., 2001). The findings have relevance for supply chain 

professionals and academics. 

1.1.3 Investigating Supply Chain Maturity in an Evolving Service Context: 

Healthcare 

Academics have viewed the supply chain, rather than the individual organisation, as 

becoming the effective unit of future competition. Fundamental to this thinking are the 

beneficial impacts that arise from collaborative integration concepts underpinning 

important paradigms such as lean, agile and leagile supply chains (Lamming, 1993; 

Harrison et al., 1999). Nevertheless, significant disparities exist between organisations 

and sectors with regard to the assimilation of these ideas and practices, and the goal of 

collaborative supply chain integration remains elusive for many -companies. Yet no 
detailed frameworks exist to help with the question as to `where' we are now and what 

has to happen to advance along the continuum of supply chain evolution (Bowersox et 
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al., 2000). Thus there is the need to formulate conceptually consistent and sufficiently 
detailed measures of supply chain maturity to enable assessment of current and future 

development. In keeping with the maturity concept coined by Bowersox et al. (2000), 

this doctoral study defines supply chain maturity as the level of collaborative knowledge 

sharing across `appropriate' supply chain integration practices (Bessant et al., 2003) as 
identified by the widely used Supply Chain Council SCOR model. The evolving 
Healthcare supply chain is particularly appropriate to commence the quest for a maturity 

`roadmap' with which to help academics and practitioners regarding the collaborative 

supply chain integration journey (Fawcett & Magnan, 2002). Furthermore, the 

Healthcare sector is an ideal arena for investigating the effects of supply chain maturity 

upon operational performance, and thus the following research question: 

RQ3: "What is the impact of supply chain maturity in an evolving service- 
oriented context? 

The concluding third essay empirically explores this question in Chapter 7. To enable 

assessment of collaborative knowledge sharing across `appropriate' practices an 
innovative web-based survey was implemented to collect data for the varying supply 

chain configurations and operations of 154 1St tier suppliers to the UK healthcare sector. 

Structural equation modelling techniques are used to validate appropriate supply chain 

maturity scales and frameworks comprising the SCOR dimensions Plan, Source, Make, 

Deliver, New Product Development and Returns. Hypotheses relating to the impact of 

maturity dimensions upon multiple performance measures are supported through set 

correlation analyses assess. Results indicate that certain dimensions have more 

significant impact than others and that supply chain maturity can be underdeveloped, 

appropriately developed or overdeveloped. Managerial implications and areas for further 

research are discussed. 

The work carried-out for each of the above essays is entirely that of the thesis author- 

Adrian Done. Nevertheless, in preparing these essays and the thesis as a whole, academic 

advice and opinion has been sought from and given by Professors Mark Frohlich and 

Chris Voss at London Business School. Their input has been purely in a supervisory 

capacity. In addition, the second essay sought to replicate and extend the work of 
Professor Ram Narasimhan (Michigan State University), and as such several 

conversations were held with him to discuss the value of extending his research and the 
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relative merits and processes of different analysis techniques to ensure research 

compatibility. Each of the above essays is currently in the process of being further 

developed for submission to academic journals. In this respect Professors Frohlich, Voss 

and Narasimhan are providing academic support in terms of editing suggestions and 

publication advice. 

1.2 CONCEPTUAL PERSPECTIVES AND DEFINITIONS 
ADOPTED 

Supply chain management can be studied from several different perspectives. Giannakis 

and Croom (2004) identify several bodies of literature associated with the investigation 

of supply chains along with their respective theories and models. They state that: 

"Research in the field of supply chain management has evolved from its core 
concerns around logistics/ operations processes through the incorporation of 
theoretical concepts and research in strategic management, industrial 
organisation, institutional and production economics (transaction costs), inter- 
organisational relationships, knowledge management and systems theory. " 

Whilst recognising that the study of supply chains can take several alternative 

perspectives, this thesis primarily adopts viewpoints, theories and frameworks from the 

operations management (OM) and logistics literatures. The OM/ logistics perspective is 

consistent with the author's own research motivations (see Section 1.3) and is deemed to 

represent the area of greatest potential academic contribution for this thesis. In addition, 

researchers consider supply chain management as a field of study to have largely 

developed within the OM and logistics literatures (New, 1997; Croom et al., 2000). 

Halldorsson et al. (2003) state that much of the conceptual foundation of supply chain 

management originates in OM and logistics and thus these literatures constitute the 

conceptual `point-of-departure' for the literature review in Chapter 2. The overall 

research questions considered in this thesis are raised by the OM/ logistics literatures and 

thus this perspective is maintained on a broad level in an attempt to ensure consistency. 

Nevertheless, supply chain researchers also note limitations to the OM/ logistics 

perspective that potentially restrict further theory development in this field (see Section 

2.1.9. ) In this respect this thesis follows-up on researchers' proposals that further insights 

could be obtained through combining a core OM/ logistics perspective with concepts 
from the knowledge management literature (Stock, 1997; Amundson, 1998). Therefore 
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potentially insightful theories relating to knowledge transfer and organisational learning 

from the field of knowledge management are considered in Section 2.2 and further 

applied in Chapters 5,6 and 7. 

Other perspectives for investigating supply chain management could have been taken 

from potential alternative bodies of literature such as purchasing, economics and political 

science. The fact that this thesis does not draw so heavily upon research in these 

literatures does not detract from the value of such research. Rather, a pragmatic decision 

was taken in favour of adopting a broad OM/ logistics perspective over these alternatives 

for the following reasons: 

1. The purchasing and supply literature offers a rich body of knowledge relating to 

the purchasing function and upstream buyer-supplier relationships (e. g. Ellram & 

Pearson, 1993; Pearson et al., 1996; Narasimhan et al., 2001). This body of 

literature includes topics such as JIT, supply networks, purchasing strategies (e. g. 

multiple sourcing, short-term contracting, competitive bidding) and the strategic 

importance of the purchasing function. Such topics are very important to supply 

chain operations. Nevertheless, the focus of the purchasing and supply literature 

upon the upstream-oriented operations renders such a perspective to be of limited 

value for this thesis. In addition to upstream issues relating to procurement and 

sourcing, this thesis also sets-out to consider important downstream elements of 

delivery and overall supply chain planning. Thus, whilst certain concepts from the 

purchasing and supply literature are drawn-upon in those parts of the thesis that 

specifically consider upstream issues (e. g. Chapter 6), the more holistic approach of 

the OM/ logistics literatures is more in keeping with the general aims of this 

investigation. 

2. Economics literatures divide into micro and macro bodies of research. Of relevance 

to supply chain researchers are specific research streams associated with industrial 

organisational economics concerned with structures of governance and ownership, 

and institutional economics related to the nature of the firm and its boundaries 

(Giannakis & Croom, 2004). Particularly relevant research within these literature 

streams include work on organisational and institutional theory, value chains, 

transaction cost economics (TCE), agency theory, and the firm as a nexus of 

contracts (Stock, 1997). Research in these areas primarily attempts to answer 
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questions relating to issues such as: i) why organisations are structured the way 

they are; ii) why firms behave the way they do; and iii) how organisations adapt 

and change (Amundson, 1998). These are important areas of consideration for 

supply chain researchers, but do not accurately correspond to the research focus of 

this thesis. Certain very specific areas of microeconomics literature relating to the 

importance of knowledge and learning to organisational evolution are considered 

relevant to this investigation and are subsumed within the multidisciplinary 

knowledge management perspective (see Section 2.2.1. ) 

3. The emphasis of political science oriented supply chain research addresses issues 

relating to the social and ideological constitution of supply chains, and the ethical 

and political implications (New, 1997). With increasing levels of globalisation, 

social and environmental awareness of consumers, and anxiety towards the impact 

of political conflicts, companies are apparently being forced to review their 

relationships with supply chain partners (New, 2003; Schrage 2004). Thus political 

science issues are of relevance to supply chain researchers, and in particular 

conceptual areas of political science literature relating to issues such as coalition 

formation, trust, power and governance. Stock (1997) identifies the field of political 

science as having already made specific conceptual contributions to supply chain 

logistics research through the theory of "exit, voice and loyalty"- a theory of 

political dissent or disagreement that identifies the possible behaviours of 
individuals in politics or organisations within a supply chain system. Whilst each of 

these topics and concepts are very relevant to supply chain research, they do not 

correspond to the specific research questions that this thesis seeks to investigate. 

Thus a decision was taken not to adopt a political science perspective. 

Further to the decision to adopt an OM/ logistics perspective, it has been recognised that 

this thesis makes use of potentially ambiguous terms. The main potential causes for 

misunderstanding have been identified as the specific terms: integration, evolution, first- 

tier supplier and coordination. Such terms can have widely differing meanings in 

different contexts and therefore it is important to recognise semantics and the particular 

usage adopted within this thesis. Refined definitions and explanations as to how each of 

these terms is adopted and used in the context of this thesis are given below: 
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Integration 

The Oxford and Collins English Dictionaries provide the following relevant definitions: 

Integrate: 1. To make or be made into a whole; 2. To incorporate or be incorporated. 

Integration: 1. The process of combining or being combined to form a whole; 
2. To bring or come into participation in an institution or body. 

The integration of processes within and between companies and organisations can take- 

on several forms. The term `vertical integration' is commonly used in business literature 

as referring to the degree of in-house responsibility and ownership of upstream and 

downstream operational processes. For example, the Ford Motor Company was 
historically considered highly vertically integrated through Ford's ownership and direct 

control over "everything connected with his cars from the basic raw materials up" 

(Womack et al., 1990, p. 33). Hayes and Wheelwright (1984, p. 275) relate the issue of 

vertical integration to "process positioning" within the competitive environment. They 

consider the importance of fundamental integration decisions such as: 1. "What 

boundaries should a firm establish over its activities? " and 2. "How should it construct its 

relationships with other firms- suppliers, distributors, and customers- "outside" its 

boundaries? " Frohlich and Westbrook (2001) explain the move from the vertical 

integration ownership of internal operations to the horizontal integration of processes, 
including integration of processes with external supply chain partners: 

"If the 1980s were about vertically aligning operations with business strategy, the 
1990s have been about aligning operations across processes... The most 
successful organisations seem to be those that have carefully linked their internal 
processes to external suppliers and customers in unique supply chains. In short, 
for the new millennium upstream and downstream integration with suppliers and 
customers has emerged as an important element of strategy. " 

Harrison and van Hoek (2002, p. 131) define integration in terms of forging 

relationships and improving communication between departments and organisations, 

with the aim of aligning value-adding activities, that would otherwise be disconnected, 

so that supply chain partners can work more closely together to improve overall 

performance. Similarly, Towill et al. (2002) define integration as supply chain partners 

"thinking and acting as one", and is achieved "by extending the scope of management 

outside the company to embrace the suppliers and customers. " Fawcett and Magnan 

(2002) discuss supply chain integration in terms of efforts to align objectives and 
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resources across company boundaries to deliver greater overall value. They identify four 

types of supply chain integration: 

1. Internal, cross-functional process integration 

2. Backward integration with external suppliers 

3. Forward integration with external customers 

4. Complete forward and backward integration to the supplier's supplier and the 

customer's customer. 

In the context of this thesis, Essay I in Chapter 5 considers both backward and forward 

integration with external suppliers. Essay 2 in Chapter 6 investigates internal, cross- 

functional process integration. Essay 3 in Chapter 7 studies complete forward and 
backward integration with external suppliers and customers. Throughout the context of 

this thesis the emphasis is upon integration to align processes, forge relationships, 

improve communications and leverage knowledge across appropriate parts of the supply 

chain. This usage of the term is consistent with the existing supply chain literature 

definitions outlined above. 

Evolution 

The Oxford and Collins English Dictionaries provide various definitions: 

Evolution: 1. (Biological) A gradual change in the characteristics of a population of 

animals or plants over successive generations. 2. A gradual development to a more 

complex form. 3. (Chemistry) The giving-off of gas, vapour, heat etc. 4. A pattern 
formed by a series of movements or something similar. 5. (Algebra) An algebraic 

operation in which the root of a number is extracted. 6. (Military) An exercise carried 

out in accordance with a set plan. 

Clearly, therefore the term `evolution' can be taken to mean different things in different 

contexts. Apparently, only the first two of the above definitions are adopted by broader 

business research streams. For the first biological definition of the term, both Darwinian 

and Lamarckian theories of biological evolution and natural selection are considered by 

certain streams of evolutionary economics (e. g. Alchian, 1950; March, 1994). Nelson 

and Winter (1982, p. 41) state that: 
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"The general idea that market competition is analogous to biological competition 
and that business firms must pass a survival test imposed by the market has been 
a part of economic thought for a long time. " 

To the author's knowledge, however, such `survival-of-the-fittest' evolutionary theories 

have not been applied or tested within supply chain contexts. As such, this thesis does 

not attempt to adopt definitions relating to biological evolution of populations or species 

over successive generations. Instead, this thesis adopts the second of the above 

evolutionary definitions relating to gradual development towards a more complex form. 

This definition is most appropriate to the contexts considered within this thesis and is 

consistent with usage of the term within the supply chain literature. Supply chain 

literature broadly uses the term `to evolve' as being synonymous with `to develop', `to 

progress' and ̀ to mature'. For example, Lee and Billington (1996) investigated "the 

evolution of supply chain management models and practice at Hewlett-Packard". They 

observed benefits throughout the organisation of developing supply chain maturity, 

stating that: 

"The [HP] supply chain methodology is now mature. " 

Another example of usage of the evolutionary term within the supply chain management 

literature is given by Christopher and Towill (2001). They define and characterise four 

"supply chain evolution phases" relating to the progressive development from product 

driven lean supply in the early 1980s, to the incorporation of elements of agile market 

driven supply chain paradigms in the late 1980s and early 1990s, towards the 

development of customised "leagile" supply chains in the late 1990s. 

Bowersox et at. (2000) use the evolutionary term to describe the development of supply 

chains towards more sophisticated management practices: 

"The transitions underlying some of the mega-trends represent the challenges of 
the emerging decade for logisticians and supply chain executives and identify the 
direction for change. A critical question is: Where are we now in the evolution of 
supply chains and what has to occur to advance along the continuum? In the 
opinion of the authors, the current maturity of the mega trends is uneven. " 

The Bowersox et al. (2000) mega-trend analysis gives an indication of where and how 

supply chain management should evolve in order to attain performance improvements. 

See Section 2.1.7 for further discussion of Bowersox et al. (2000) relating to the 

evaluation and development of supply chain maturity in specific areas. 
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Within the supply chain context of this thesis the term `evolution' corresponds to 

progress towards more sophisticated forms of supply chain management, the 

development of supply chain maturity and, ideally, the consequential improvement in 

supply chain performance. Such usage of the term is consistent with the above supply 

chain literature. 

First-tier (or tier 1) supplier 

According to Brown et al. (2005, p. 229), the term `first-tier supplier' was first coined by 

observers of Japanese industrial structure to describe the suppliers that delivered 

components, materials and products directly to the household name manufacturers 

(OEMs) of cars, consumer durables and capital equipment that were part of Japan's post- 

war revival. Brown et al. (2005, p. 230) warn that, whilst in the Japanese keiretsu supply 

organisations the tiers are clearly marked, elsewhere the definition may not be so clear: 

"The image of tiers is so strong that there is a tendency to call suppliers 'first tier' 
or `second tier' without a logical basis. A tier, after all, is a very specific feature 
of a structure: it has a hierarchical position and lateral links to others in the same 
tier... The danger of referring to organisations in the supply chain, base or 
network as ̀ first tier' (or second tier, and so on) is that the expectations thus 
created bear no resemblance to the activity that will be addressed by the 
organisation in question. " 

There are two main issues with the tier concept. Firstly, use of the term tends to assume 

that communications only occur between the tier levels, when in fact it is quite possible 

that more complex forms of communication can occur. For example, suppliers may 

communicate with other suppliers in the same tier, and similarly, second- or third tier 

suppliers may communicate directly with the OEM customer. Secondly, it is quite 

possible to arbitrarily change the tiered position of a supplier. For example, the allocation 

of one first-tier supplier as a systems integrator may arbitrarily reposition other 

previously first-tier suppliers as second-tier suppliers. 

Nevertheless, whilst it is important to consider more complex forms of communication 

within and between tiers and the arbitrary nature of tier positioning, Harrison and van 

Hoek (2002, p. 8) provide the following simplified definition relating to tier I suppliers: 
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"The supply chain is tiered in that supply side and demand side can be organised 
into groups of organisations with which we deal. Thus if we place an assembler 
such as the Ford plant at Valencia as the `operation', tier 1 comprises suppliers of 
major parts and subassemblies who deliver directly to Ford, while tier 2 suppliers 
deliver to the tier 1s etc. " 

This notion of a supply chain structure whereby first-tier suppliers are designated as 

those communicating with and delivering directly to a specified focal company within 

the supply chain, and second- tier suppliers delivering directly to first-tier suppliers (and 

so on), is commonly adopted by the supply chain and broader operations management 

literature. For example, Slack et al. (1998, p. 152) define a first-tier supplier as being part 

of the immediate supply network in direct contact with an operation: 

"On the supply side is a group of operations that directly supply the operation; 
these are often called `first-tier' suppliers. They are supplied by `second-tier' 
suppliers. " 

Similar definitions are given by other supply chain and operations management texts 

(e. g. Hill, 2000, p. 400). Furthermore, usage within the literature of tiered supply chain 

terminology assumes a closer relationship, with more dominant levels of communication, 

between the focal company and first-tier supplier than between focal company and 

second-tier supplier (Fawcett and Magnan, 2002). Strength of relationship is implied to 

decrease with increasing tier levels. 

Within this thesis the term `first-tier supplier' is used mostly in relation to the third essay 

(Chapter 7) and is applied in the same manner as the above Harrison and van Hoek 

(2002, p. 8) example. That is, for a given product supply chain the immediate upstream 

supplier with whom the `operation' has direct contact (i. e. the supplier with whom the 

customer has most communication) is designated the first-tier supplier. Instead of Ford, 

however, the term is applied in Chapter 7 specifically to those suppliers that deliver 

goods or products directly to major UK Healthcare service providers (i. e. NHS, Bupa, 

BMI-General). These are the product suppliers with whom the healthcare service 

providers have direct relationships and with whom they have initiated major efforts to 

develop closer relationships with the aim of improving supply chain performance 

(Argyle, 2002). In this thesis, supply chain tiering terminology is used to differentiate 

between companies that supply direct to the healthcare providers and those companies 

that are the supplier's supplier (second-tier), the supplier's supplier's supplier (third-tier), 

and so on. The overall research model of this thesis comprises linear supply chains (See 

Figure 3.3 on page 126) not more complex keiretsu style supply networks or 
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associations. Thus, whilst they potentially represent a worthwhile area of investigation, a 

consideration of more complex forms of tier communication or tier positioning is beyond 

the scope of this thesis. 

Coordination 

Excluding specific mathematical, geometrical, military, biological and chemical 

definitions, the Oxford and Collins English Dictionaries provide the following relevant 

definitions: 

Coordinate: 1. To integrate diverse elements in a harmonious operation. 2. To 

bring the different elements of (a complex activity or organisation) into a 
harmonious or efficient relationship. 3. To work together harmoniously. 4. To 

take or be in the form of a harmonious order. S. To negotiate with (others) in 

order to work together effectively. 6. Of or involving coordination. 

Coordination: 1. The act or process of coordinating. 

Clearly such definitions have high relevance within the context of supply chains. In the 

chapter on "Coordinating the supply chain" Womack et al. (1990, p. 138) outlines the 

challenges of bringing complex supplier and automotive assembler organisations 

together in harmonious and efficient relationships: 

"The key to a competitive parts-supply system is the way the assembler (for 
example, Ford or Renault or Toyota) works with its suppliers. " 

Harrison and van Hoek (2002, p. 131) outline practices for coordination of value adding 

activities between supply chain partners in order to help with improving performance in 

areas such as lead-time. Harrison and van Hoek (2002, p. 225) go on to link supply chain 

coordination with the related terms of cooperation and collaboration in supply chain 

partnerships. They characterise cooperation, coordination and collaboration as the supply 

chain relationship types in Table 1.1, stating that increasing levels of commitment and 

trust as relationships move towards collaboration are linked to success. 
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Table 1.1 Supply Chain Cooperation, Coordination and Collaboration 

Partnership 
Activities Time Horizon Scope of Activities 

Type 

Fewer suppliers Single functional 
Cooperation Longer-term contracts 

Short-term 
area 

Information linkages 
Multiple functional 

Coordination WIP linkages Long-term 

EDI exchange 
areas 

Supply chain integration Firms see each 
Long-term with 

Collaboration Joint planning other as extensions 
no fixed date 

Technology sharing of their own firm 

Source: Harrison and van Hoek (2UU2, p. 226) 

The broader supply chain literature also relates the term `coordination' to upstream and 

downstream information exchange. For example Lee et al. (1997a) state that: 

"One important mechanism for coordination in a supply chain is the information 
flows among members of the supply chain. " 

Similarly, Frohlich and Westbrook (2001) discuss the "coordination of information 

technologies and the flow of data" with external supply chain partners: 

"As companies have aggressively pursued cost cutting over the years, they have 
begun to reach the point of diminishing returns within their organisation's own 
boundaries and now believe that better coordination across corporate boundaries- 
with suppliers and distributors- presents the greatest opportunities. Happily, the 
growing acceptance of this view has coincided with the emergence of electronic 
networks that facilitate closer coordination. " 

Frohlich and Westbrook (2001) clarify that "better coordination in the supply chain 

reduces uncertainty throughout the manufacturing networks", and that "tighter 

coordination helps eliminate any non-value-adding activities from internal and external 

production processes. " Fawcett and Magnan (2002) identify the link between 

coordination and collaboration: 

"Early adopters of supply chain practice have discovered that real collaboration 
goes beyond information exchange and are working diligently to establish other 
integrative mechanisms to enhance coordination with truly important first-tier 
suppliers and customers. " 
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In the supply chain context of this thesis the term `coordination' is used in a manner 

consistent with the above literature examples. More specifically, usage of the term in this 

thesis is consistent with Harrison and van Hoek (2002, p. 225) in that coordination is 

considered as an important form of supply chain relationship as supply chain partners 
develop mutual commitment and trust and move from cooperative to fully collaborative 

partnerships. This thesis therefore regards the coordination of data and information 

between supply chain partners as being a prerequisite for enabling the collaborative 
leveraging of expertise and knowledge across appropriate parts of the supply chain. 

1.3 PERSONAL BACKGROUND TO THIS DOCTORAL STUDY 

"There are at least three major philosophical questions that should be addressed at 
the outset of the research. These are: Why research? What to research? And how 
to research? " (Remenyi et al., 1998, p. 23) 

Answers to these questions depend, at least partly, on the researcher's previous education 

and experiences and the resulting personal conceptual and cognitive frameworks. As 

most research methodology texts recommend, any piece of research should begin with a 

reflection upon personal reasons, conceptual standpoints and potential biases behind a 

researchers interest in a particular topic. Whilst the third of these questions relating to 

how to research is addressed in detail in Chapters 3 and 4, a personal reflection of the 

first two questions serves to identify the `catalyst' behind my doctoral research in this 

particular area. As Singleton and Straits (1999, p. 66) state: I 

"To carry out a research project, with its inevitable complications, obstacles, and 
demands for time and money, requires considerable interest and commitment on 
the part of the investigator. What sustains this interest more than anything else are 
highly personal motivations for doing research on a particular topic. Thus an 
investigator may choose a topic not only because it is considered theoretically 
important, novel, or researchable, but also because it piques the researcher's 
interest. " 

My own educational background and career trajectory as a Chartered Engineer have led 

me to view rigorous academic research in operations management- and particularly 

supply chain management as a fundamentally stimulating and important occupation. I 

have been exposed, as a practitioner, to the implementation and development of many 

operations management philosophies and techniques from the mid-1980's. I started as a 
`fast-track' trainee mechanical engineer with Ford Motor Company, at a time when the 

company was fighting to stay competitive and to stave-off the growing superiority of 

29 



Japanese manufacturers. My sponsored `sandwich' degree course at Loughborough 

University interspersed with 6-monthly Ford work placements across the UK and in all 

areas of operations afforded maximum academic and practical exposure to `new' 

engineering techniques such as CAD/ CAM, Finite Element Analysis, Failure Modes and 

Effects Analysis, automated Statistical Process Control, Taguchi Methods and Robotic 

Production. 

In the early 1990's my automotive experience moved upstream as a Project Engineer, 

Internal Consultant and then Production Manager with GKN- a major global supplier of 

transmission and other engineered components to most automotive OEMs including 

Ford, Toyota, Nissan, Rover, GM, Peugeot, Citroen, Renault, and VW. Exposed to the 

enormous pressures put upon suppliers by automotive OEMs and in positions of 

responsibility at a time of intense. and sustained competition instilled in me a grass-roots 

understanding of many of the emerging management philosophies such as Total Quality 

Management, Just-In-Time, Total Productive Maintenance, Cellular and Flexible 

Manufacturing, Quality Function Deployment, Kanban, Continuous Improvement and 

the broader Toyota Production System. 

During my automotive experience I developed a high regard for academic research 

aimed at helping managers deal with real issues. Seminal works such as "The Machine 

that Changed the World" (Womack et al., 1990) fired my enthusiasm for getting to the 

heart of problems and the arena of operations management research. In fact, I started 

with Ford in 1985, the same year that the International Motor Vehicle Program kicked- 

off at MIT. As a young engineer I was working on the Ford Mondeo `world-car' project 

(the CDW 27 Tempo/ Topaz/ Sierra replacement) whilst this important book was being 

researched and written, and as methods of lean production were being recognised in the 

west. For anyone involved in the sector it was hard not to be enthused with statements 

like: 

"Lean production is a manufacturing system that results in a better, more cost- 
efficient product, higher productivity, and greater customer loyalty. [Its 
hallmarks] are teamwork, communication, and the efficient use of resources. And 
the results are remarkable: cars with one-third defects, built in half the factory 
space, using half the man-hours. " (Womack et al., 1990, p. 4) 
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And, as someone gaining both upstream and downstream automotive experience in this 

dynamic period, I was particularly excited by the supply chain coordination aspects of 
lean production: 

"The modern car is almost unimaginably complicated. A typical model is made 
up of more than 10,000 parts, each of which must be designed and made by 
someone. Organizing this enormous task is probably the greatest challenge in 
manufacturing a motor vehicle. Yet it is the one least understood and appreciated 
by the outside world. " (Womack et al., 1990, p. 138) 

This struck a chord and stimulated me to dig deeper into the concepts and mechanisms of 

supply chain management theory and practice and has led to this doctoral research. As an 

ex-practitioner a specific emphasis of my research is to investigate important `real-world' 

issues with a view to helping practitioners with the "What should I do? " question 

(Krajewski, 2002: See below) when they are faced with the tremendous challenges of 

supply chain coordination. 

1.4 OVERALL GUIDING RESEARCH PRINCIPLES 

In seeking to make a useful contribution to the operations management (OM) field, this 

doctoral study adopts general guidelines recently proposed by eminent researchers in the 

area. This section summarises the main principles and guidelines expressed by respected 

OM academics in dealing with concerns as to the direction that the field is taking. 

In his "Hopes for the Future of Operations Management", Meredith (2001) makes the 

point that research in the field should be of interest to both academicians and to 

practicing managers- and yet still "demand the rigour and depth of knowledge that have 

historically characterised our field. " Also Meredith (2002) points out that one of his 

editorial goals was to encourage OM researchers to develop relevant, managerial theory 

that was focused on real situations. This focus on real situations is explicit in the 

definition of the OM field as addressing "the operating problems of managers who are 

responsible for the direction and control of the processes that transform inputs into 

products and services" (Krajewski, 2002). 

Regarding the future of the OM field, Krajewski (2002) states: ' 

"The decade of the 1990s fostered a resurgence of the importance of operations 
management in the eyes of the practitioner. The popular press was full of 
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instances where Cinderella dot-com companies were failing because they did not 
match the importance of operations with that of marketing.. . As a field of 
researchers, we are indeed more relevant by virtue of the problems we address. 
Our thrust into empirical research has helped in this regard. Further, we have 
done a better job of putting the word "management" back into operations 
management... As we develop our field, let us not lose sight of our roots. We need 
to provide answers when a manager asks, "What should I do? ".. 

Regarding the question of whether to use management science/ operations research (MS/ 

OR) or empirical research avenues, Krajewski (2002) states that both are needed by the 

OM field. Both have their pros and cons. "Whilst "MS/ OR modelling is useful for 

providing the means for making rational decisions... its findings are often limited to very 

stringent conditions that make general applications difficult. Too often the focus is 

narrow, and the "big picture", so important to operations management, is not 

considered. " On the other hand, whilst being limited to the current field data, this study 

adopts an empirical research approach as being "appropriate for understanding what is 

currently happening in our field. " 

Hill (2002) proposes five principles for rising to the challenges of future research in the 

operations management community. In urging OM researchers to avoid "selling snake- 

oil" yet not "miss the penicillin", Hill makes the point that they should examine 

assumptions and be critical of the assumed `facts', without being too cautious or 

rejecting ideas because they are outside our narrow research methods and paradigms. The 

principles he puts forward are: 

" Use strong research methodologies 

" Nurture new ideas 

" Continue to rejuvenate the area with expansive thinking about problem domains 

" Be innovators and leaders, not just reporters 

" Address relevant and important problems ("make sure the ladder is against the right 

wall"). 
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1.4.1 Methodological Rigour, Scientific Method and Managerial Relevance 

Handfield (2002) adds to the above principles by stipulating guidelines particularly with 

respect to the issues of methodological rigour, scientific method, and managerial 

relevance. He states: 

"OM has been slow to shrug off its roots in operations research (Handfield & 
Melnyk, 1998). It should be noted that empirical research in OM spans a broad 
diversity of methods... the nature of the problem should drive the research 
method chosen... a solid set of precedents exists for empirical methods which 
must be utilised to drive methodological rigour into OM empirical research. If 
there is any weakness to the recent set of OM empirical research, it is that they 
suffer from poor research and sampling designs (Malhotra & Grover, 1998) or 
poor underlying theory development. " 

Regarding managerial relevance, Handfield (2002) believes "in conducting research that 

contributes to our field as a scientific discipline and to apply this knowledge to the 

practice of management as a profession. " To this end, he suggests that OM researchers 

force themselves to develop an intimate understanding of the problems facing OM 

practitioners. 

This doctoral study aims to comply as far as possible with these overall guiding 

principles of rigour, method and relevance. 

1.5 SUMMARY 

This chapter introduces supply chain research and the particular motivations and focus of 

this doctoral study. Supply chain literature has had a considerable impact upon the wider 

operations management research stream, as well as upon practising managers- to the 

point that supply chains are seen as the main units of future competition. Theory and 

practice have evolved resulting in the emergence of modern lean, agile and leagile 

paradigms. Yet, fundamental deficiencies in understanding' still pervade and constitute 

potential barriers to further evolution of theory and practice, particularly relating to the 

important concepts of collaboration and integration that underpin supply chain thinking. 

To gain a more profound understanding, the conceptual scope of supply chain research 

needs to go beyond asset, data and information levels of exchange. Truly collaborative 

supply chains necessitate broader `arcs of integration' encompassing the exchange and 
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development of knowledge. Greater comprehension of how to manage knowledge 

dimensions within supply chains is likely to be a key to continuing evolution of theory 

and practice. Yet little work has been done to explore these more complex dimensions 

and this represents a significant conceptual gap in the supply chain literature. 

Furthermore, supply chain concepts traditionally developed in manufacturing are 

increasingly being applied in evolving service supply chain contexts. However, few 

studies have investigated such service-oriented supply chains and this represents a 

significant contextual gap in the literature. 

This study aims to explore these gaps by applying conceptual perspectives from the 

emerging knowledge management literature and , contextual insights from the service 

operations literature. In particular, this study investigates three knowledge-based 

dimensions that emerge from the combined literatures: knowledge transfer, supply chain 

competence and supply chain maturity in manufacturing and evolving service contexts. 

The impacts of these knowledge dimensions upon supply chain performance are 

investigated empirically and discussed in three consecutive essays: 

Essay 1: Investigating Knowledge Transfer in the Manufacturing Supply Chain 

Essay 2: Comparing Supply Chain Purchasing Competence in Manufacturing and 
Service Contexts 

Essay 3: Investigating Supply Chain Maturity in an Evolving Service Context: 
Healthcare 

A variety of appropriate data collection and multivariate analysis techniques are used in 

the empirical investigations that constitute these essays. As a whole, this doctoral study 

attempts to comply with recognised principles regarding methodological rigour, 

scientific method and managerial relevance in operations management research. 

The following chapter looks at the major concepts and themes within the relevant bodies 

of literature. Potential gaps in the supply chain literature are reviewed with the aim of 

identifying particular areas where this study could make a valuable contribution. Chapter 

3 goes on to develop the overall conceptual framework and builds-up specific 

propositions and refined research questions to be addressed. Chapter 4 outlines the 

study's survey and analysis methodologies. Chapters 5,6 and 7 then develop the three 

consecutive essays. Finally, Chapter 8 draws overall conclusions, and implications for 

academics and managers are considered. 
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CHAPTER 2- LITERATURE REVIEW 

Whilst the main focus in this literature review chapter is upon the Supply Chain 

Management stream, three other academic streams are also considered to varying 
degrees: Knowledge Management, Manufacturing Operations and Service Operations. 

These additional streams are included with a view to obtaining enriching new insights 

and concepts with which to address specific outstanding supply chain issues. The 

streams of supply chain management, manufacturing operations and service operations 

are considered in this review as largely `belonging' to the broader Operations 

Management area of literature. The knowledge management! organisational learning 

stream, however, is composed of perspectives from numerous fields beyond the generally 

considered realm of operations management. 

With a view to informing the direction of research in this study, and to identifying 

potential gaps in the literature where possible contributions could be made, this chapter 

starts from a broad literature review and then hones in upon specific issues of interest. 

Since the research focus of this study is based in the supply chain literature, this 

constitutes the main thrust of the review in Section 2.1. The other literature streams are 

reviewed afterwards, in the light of identified deficiencies in the supply chain literature, 

and in terms of distinct perspectives and novel conceptual and contextual dimensions that 

they could add. Section 2.2 conducts a conceptual overview of the knowledge 

management and organisational learning literatures, identifying particular theories that 

could help address conceptual gaps in supply chain management research. Section 2.3 

reviews the limited literature that has considered the overlap between supply chain 

management and knowledge/ learning literatures. Section 2.4 summarises contextual 

differences between manufacturing and services and implications with regard to the 

scope of this doctoral research. Finally, in attempting to ensure this is an original piece of 

work making new contributions to the literature, Section 2.5 considers recent, 

unpublished, doctoral theses that address similar issues. 

2.1 SUPPLY CHAIN MANAGEMENT 

"Traditionally, supply chains created value through low price and broad product 
assortment. Today, however, supply chain managers are learning to accommodate 
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customers who demand greater control of the buying process, have the financial 
ability to make choices, and are willing to utilise a variety of ways to purchase 
goods and services to satisfy their lifestyle requirements... How should a firm 
and its supportive supply chain be structured to create end-customer value as it 
moves into the 2 15` century? " (Bowersox et al., 2000) 

In view of the above comment, this supply chain management literature review explores 

traditional, current and potential future developments in the evolution of supply chain 

theory and practice. The `flow' of the review takes the following course. Firstly, the 

scope of supply chain research is examined in Section 2.1.1. Section 2.1.2 follows with 

an overview of bodies of literature associated with the field of supply chain management. 

Existing research is then put into context in Section 2.1.3 by an historical consideration 

of the challenges of coordinating supply chains that led to the emergence of lean supply 

in the 1980's. Section 2.1.4 considers the last 20 years of continued evolution of supply 

chain management from lean, agile to leagile paradigms. Two key conceptual issues 

emerge as underpinning these new evolving philosophies: supply chain integration and 

collaboration, and these issues are reviewed in Section 2.1.5. Subsequently, Section 2.1.6 

analyses current `good' practice, as promoted by reputable consulting companies and 

practitioner organisations, and shows concurrence with evolving literature in stressing 

the need to go beyond pure asset, data and information sharing between supply chain 

partners. 

Discussion from previous sections provides the basis upon which Section 2.1.7 then 

focuses upon the `thought' paper of Bowersox et al. (2000)- which reflects upon `mega 

trends' for the future evolution of supply chain theory and practice. The importance of 

managing knowledge dimensions emanates as a fundamental supply chain evolutionary 

`mega-trend' and Section 2.1.8 explores the three key conceptual supply chain 

knowledge dimensions that emerge: knowledge transfer, competence, and maturity. 

Finally, Section 2.1.9 examines recent comprehensive literature reviews identifying 

important gaps in the supply chain literature that warrant further research. Specific 

conceptual gaps correspond to the knowledge dimensions highlighted by the earlier 

mega-trend discussion. This, combined with recent calls for new cross-functional 

conceptual perspectives, suggests that exploring the organisational learning/ knowledge 

management literatures could bring useful insights to the supply chain literature and this 

is reviewed in Sections 2.2 and 2.3. Also a significant contextual gap is identified in that 

most supply chain research has been conducted within manufacturing contexts, with 
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scant regard to service supply chains. This suggests benefits to the field of supply chain 

management could accrue from a comparative literature review of manufacturing and 

service operations, and this is carried out in Section 2.4. 

2.1.1 The Scope of Supply Chain Management Research 

"Supply chain management is far too important to be considered either a 
temporary fad or a parochial arena for a guild of specialist researchers. Instead, it 
is simply the most practically and intellectually significant theme within current 
managerial and economic research. It is not in any sense a new area; what is new 
is having a label under which diverse research can be connected. " (New, 1997) 

In their seminal work on the automotive sector Womack et al. (1990, p. 138) encapsulate 

the importance of supply chain management and give a clear view as to the huge 

challenges it presents to managers: 

"The modern car is almost unimaginably complicated. A typical model is made 
up of more than 10,000 parts, each of which must be designed and made by 
someone. Organising this enormous task [of coordinating the supply chain] is 
probably the greatest challenge in manufacturing a motor vehicle. Yet it is the 
one least understood and appreciated by the outside world. " 

Clearly, such complexity and lack of understanding presents considerable challenges to 

the academic research community. In his review of the scope of supply chain 

management research, New (1997) recognises that research in supply chain management 

is suited to explanatory approaches which adopt multidisciplinary methodological 

pluralism, but is concerned with "the problem of defining the conceptual boundaries of 

supply chain management as a field of study. " Croom et al. (2000) agree that "supply 

chain management has received attention since the early 1980's, yet conceptually the 

management of supply chains is not particularly well understood. " 

Supply chain management and other similar terms, such as network sourcing, supply 

pipeline management, value chain management, and value stream management have 

become subjects of increasing interest in recent years, to academics, consultants, and 

business management (Christopher, 1992; Hines, 1995; Saunders, 1995; Lamming, 1996; 

Saunders, 1998). This has developed to such an extent that it is recognised in some parts 

of the literature that the supply chain should be seen as the central unit of competitive 

analysis (Cox, 1997). The development of the idea of the supply chain owes much to the 

emergence from the 1950s onwards of systems theory, and the associated notion of 
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holism (i. e. that the whole is greater that the sum of the parts) (Cavinato, 1992). This can 

be summarised by the observation that the behaviour of a complex system cannot be 

understood completely by the segregated analysis of its constituent parts (New, 1997). 

Related to the philosophy of considering the whole supply chain rather than individual 

companies within it is one of the key themes that companies should not seek to achieve 

cost reductions or profit improvement at the expense of their supply chain partners, but 

rather seek to make the supply chain as a whole more competitive. In short, the 

contention that it is supply chains, and not single firms, that compete is emerging as a 

central tenet in the field of supply chain management (Christopher, 1992; Macbeth et al., 

1992). 

Whilst there are several common supply chain management themes emerging, many 

authors have highlighted the necessity of clear definitional constructs and conceptual 

frameworks in the field (New, 1995; Cooper, Lambert, & Pagh, 1997; Babbar & Prasad, 

1998; Saunders, 1998). Yet Saunders (1995) warns that pursuit of a single universal 

definition may be fruitless given the fragmented nature of the field of supply chain 

management- that draws upon various antecedents such as industrial economics, system 

dynamics, marketing, purchasing and inter-organisational behaviour. Nevertheless, the 

scientific development of a coherent supply chain management discipline does require 

that advancements be made in the development of common theoretical models to inform 

our understanding of supply chain phenomena. Such a model is the Forrester (1961) 

industrial dynamics model which translates to supply chain contexts in the form of the 

"Forrester Effect". Its value lies in the ability to aid understanding of the actions of 

material flows across a chain, and has provided a basis for further advancement of 

understanding supply chain dynamics by subsequent academics in the field (for example, 

Sterman, 1989; Van Ackere, Larsen, & Morecroft, 1993; Towill, 1996; Lee et al., 

1997a). Cooper et al. (1997) support this view of the field evolving through building 

upon key works, pointing to the fact that whilst supply chain management as a concept is 

a recent development, much of the literature is based on the adoption and extension of 

older, established theoretical concepts. 

New (1995) and Saunders (1995) contend that within the supply chain management 

literature there is a confusing profusion of overlapping terminology and meanings. In the 

literature, many labels can be found referring to supply chain and to practices for supply 

chain management, including: integrated purchasing strategy (Burt, 1984), supplier 
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integration (Dyer, Cho, & Chu, 1998), buyer-supplier partnership (Lamming, 1993) 

supply base management, strategic supplier alliances (Lewis, Naim, & Towill, 1997), 

supply chain synchronisation (Tan, Kannan, & Handfield, 1998), network supply chain 
(Nassimbeni, 1998), value-added chain (Lee & Billington, 1992), lean chain approach 
(New & Ramsay, 1995), supply pipeline management (Farmer, 1996), supply network 
(Nishiguchi, 1994), and value stream (Jones, Hesterly, & Borgatti, 1997). Harland, 

Lamming et al. (1999) prefer the term `supply strategy': 

"The reasons for moving from supply chain management to supply strategy are to 
broaden the concept, extending it beyond the materials and information flows 
orientation of much of the work to a more strategic domain, and to overcome the 
confusion caused by the label being used to represent purchasing relationships, 
internal supply issues and logistics issues all at once. " 

Croom et al. (2000) set out to provide a taxonomy with which to map and evaluate 

supply chain research. In an attempt to delineate or define the subject domain, they come 

up with a "topology" of the field of supply chain management as shown in Table 2.1. 

They highlight a sample of definitions associated with the concept of supply chain 

management. As they state, "this is not intended to provide a comprehensive review of 

supply chain definitions, rather the purpose is to highlight some of the contrasting 

approaches to supply chain management existing in the literature. " 

Analysis of the sample of supply chain management definitions in Table 2.1 confirms 

that they share at least one thing in common "... they focus on the external environment 

of an organisation, with the boundaries of the latter defined conventionally in terms of an 

entity identified legally as a company or some other form of business unit" Saunders 

(1997). Yet, even in this `external' respect the literature has not gained complete 

consistency since certain management fields do study internal supply chains (Harland, 

1996); notably the business re-engineering (Lee & Dale, 1998) and operations 

management literature (Slack et al., 1998). 
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Table 2.1 A Sample of Definitions of Supply Chain Management 

Authors Definition 
Tan et al. (1998) Supply chain management encompasses materials/ supply management from the 

supply of basic raw materials to final product (and possible recycling and re-use). 
Supply chain management focuses on how firms utilise their suppliers' processes, 
technology and capability to enhance competitive advantage. It is a management 
philosophy that extends traditional intra-enterprise activities by bringing trading 
partners together with the common goal of optimising efficiency. 

Berry et al. Supply chain management aims at building trust, exchanging information on 
(1994) market needs, developing new products, and reducing the supplier base to a 

particular OEM so as to release management resources for developing 

meaningful, long-term relationship. 
Jones and Riley An integrative approach to dealing with the planning and control of the materials 
(1985) flow from suppliers to end-users. 
Saunders (1995) External chain is the total chain of exchange from original source of raw material, 

through the various firms involved in extracting and processing raw materials, 
manufacturing, assembling, distributing and retailing to the ultimate end 
customers. 

Ellram (1991) A network of firms interacting to deliver product or service to the end customer, 
linking flows from raw material supply to final delivery. 

Christopher Network of organisations that are involved, through upstream and downstream 
(1992) linkages, in the different processes and activities that produce value in the form of 

products and services in the hands of the ultimate consumer. 
Lee and Networks of manufacturing and distribution sites that procure raw materials, 
Billington (1992) transform them into intermediate and finished products, and distribute the 

finished products to customers. 
Kopczak (1997) The set of entities, including suppliers, logistics services providers, 

manufacturers, distributors and resellers, through which materials, products and 
information flow. 

Lee and Ng A network of entities that starts with the suppliers' supplier and ends with the 
(1997) customers' customer, involving the production and delivery of goods and 

services. 

Such a confusing array of terms and definitions present in the supply chain management 

literature could be seen as inconvenient for the purposes of this doctoral thesis. In 

addition, in several ways this doctoral research is in tune with alternative supply chain 

terminology, such as the `supply strategy' developed by Harland, Lamming et al. (1999). 

Thus this study could adopt the more broadly defined term of `supply strategy' instead of 

`supply chain management'. Certainly the definition of supply strategy fits closely to the 

conceptual stance adopted throughout this doctoral thesis: 

"Supply strategy relates to the integration of supply activities within firms, in 
dyadic relationships, in chains of firms and in inter-organisational networks... 
Common to all these levels is the flow of supply and the activities and decisions 
associated with that flow. The concept of supply may therefore be summarised as 
a holistic approach to managing operations within collaborative inter-organisation 
networks, allowing the formulation and implementation of rational strategies for 
creating, stimulating, capturing and satisfying end customer demand through 
innovation of products, services, supply network structures and infrastructures in 
a global, dynamic environment. " 
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Nevertheless, in noting that terminology and definitions are often based upon metaphors 
(chains, pipelines, networks etc. ) or "ideal types" rather than objective entities, Saunders 

(1997) concludes that "... attempts to pursue universal definitions may lead to 

unnecessary frustration and conflict". Thus the decision was taken to stay with the term 

`supply chain management' as the more widely used and accepted in the operations 

management literature, and to remain within the conceptual scope of the term as used by 

the broader operations management academic community. 

Furthermore, Croom et al. (2000) state that "the lack of a universal definition of supply 

chain management is in part due to the way the concept of supply chain has been 

developed... The concept of supply chain has been considered from different points of 

view in different bodies of literature. " Hence they believe the absence of consistent 

terminology or universal definitions to be almost inevitable, given the multidisciplinary 

origin and evolution of the field. Croom et al. (2000) argue that what is considerably 

more concerning is the lack of robust conceptual frameworks for the development of 

theory in the field. They go further to say that: 

"As a consequence the schemes of interpretation of supply chain management are 
mostly partial or anecdotal with a relatively poor supply of empirically validated 
models explaining the scope and form of supply chain management, its costs and 
its benefits. " 

Such a serious concern provides considerable motivation for this piece of doctoral 

research to aim to contribute to the literature by empirically validating literature-derived 

supply chain models and investigating impacts upon performance. 

The next section conducts a review of the bodies of literature associated with supply 

chain management. 

2.1.2 Bodies of Literature Associated with Supply Chain Management 

"The performance of an organisation is... widely agreed in contemporary 
management and organisational literature to be influenced to a greater or lesser 
degree by the actions of the organisations that make up the network or supply 
chain in which it operates. " (Giannakis & Croom, 2004) 

And yet; "The origins of the concept of supply chain management are unclear" (Croom 

et al., 2000). According to Giannakis and Croom (2004) the term "supply chain 

41 



management" was first used in its popular sense through a consideration of strategic 

issues within the Logistics literature by Oliver and Weber (1982). The term was then 

replicated in a series of articles by Houlihan (1988) in the logistics and strategic 

management literatures to describe the management of materials flows across 

organisational boundaries. The development of the supply chain management concept 

was initially along the lines of physical distribution and transport, using the techniques of 

industrial dynamics, derived from the work of Forrester (1961). Another antecedent can 

be found in the Total Cost approach to distribution and logistics (Heckert & Miner, 1940; 

Lewis, 1956). Both of these approaches showed that focusing on a single element in the 

chain cannot assure the effectiveness of the whole system. Since then, several researchers 

have investigated the concept of supply chain management (Ellram, 1991; Harland, 

1996), establishing its theoretical and operational bases as we know them today. 

Supply chain management is an increasingly important topic, however a significant 

challenge for supply chain scholars is the diverse, yet growing bodies of literature on the 

topic not only in the specialised supply chain journals but also in general popular 

management journals (Giannakis & Croom, 2004). Supply chain management has been 

examined from different perspectives, encompassing a multidimensional field of 

research. As a result, a rich body of knowledge regarding supply chain management 

phenomena has been built and continues to grow. However, the literature concerning 

supply chains "is patchy and unconnected" (Harland, 1996) and as Giannakis and 

Croom (2004) reflect "this adds to the ataxia around the explanation of-the term". 

Researchers in the field of supply chain management (Saunders, 1995; Cooper et al., 

1997) have stressed the fact that supply chain management has evolved largely through 

an increasing trend toward the "externalisation" of performance measurement in the field 

of operations management (Harland, 1996). This was accelerated mainly by rapid 

changes in information technology and the new competitive global environment created 

by economic, demographic and political developments. Research in the field of supply 

chain management thus evolved from its core concerns around logistics/ operations 

processes through the incorporation of theoretical concepts and research in strategic 

management, industrial organisation, institutional and production economics (transaction 

costs), inter-organisational relationships and systems theory. This indicates that the fields 

of research associated with supply chain management research cut across the physical, 

functional and legal boundaries of companies (Giannakis & Croom, 2004). 
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The above discussion indicates that supply chain management, as a term, has been 

applied beyond logistics activities and planning and control of materials and information 

flows. Some authors have used the term to describe strategic, inter-organisation issues 

(Cox, 1997), others to discuss an alternative organisational form to vertical integration 

(Thorelli, 1986). Yet others have used it to identify and describe the relationship a 

company develops with its suppliers (Sako, 1992; Lamming, 1993; Hines, 1995). 

In their extensive review of the supply chain literature, Croom et al. (2000) identified 

eleven "core" subject areas that have contributed to the building-up of the supply chain 

management stream. These are: 

1. Purchasing and supply literature, 

2. Logistics and transportation literature, 

3. Marketing literature, 

4. Organisational behaviour, industrial organisation, transaction cost economics and 

contract view literature, 

5. Contingency theory, 

6. Institutional sociology, 

7. System engineering literature, 

8. Network literature, 

9. Best practises literature, 

10. Strategic management literature, 

11. Economic development literature. 

In presenting these core subject areas, they note that there is partial overlapping among 

them, and that the same subject can be considered from different perspectives in more 

than one subject area. 

In an attempt to clarify the agenda for future research Giannakis and Croom (2004) 

refined the previous content overview of the existing literature of Croom et al. (2000). 

They conducted a survey of European and North American expert academicians' 

perceptions of the topics that constitute supply chain management- classifying responses 

according to the element of exchange between supply chain partners and the level of 

analysis considered. Table 2.2 shows the supply chain literature content identified. This 
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table is repeated and discussed further in the analysis of conceptual gaps in the supply 

chain literature in Section 2.1.9.1. 

Table 2.2 Supply Chain Literature Content Matrix 

Element of exchange considered 
Level of Analysis 

Assets Information Knowledge Relationships 

Transaction cost Information Collaborative Outsourcing/ Dyadic Suppl. 
Manuf. (specificity of assets) technology support design subcontracting 

Transportation Tools for analysis of Guest engineer Trust/ power/ 
routes rationalisation information flow commitment 
Exchange of Interplant planning HR development Supplier development 
technology and logistical 

integration (EDI) 
Redesign HR Transaction cost 
organisational approach 
incentives 

Manuf. Distribution channel Information Product teams Logistic partnership 
Distr. redesign technology support (with logistic service 

providers) 
Facilities location Interplant planning Trust/ power/ 
(warehouses, etc. ) and logistical commitment 

integration (EDO 
Transportation Communication Outsourcing/ 
routes rationalisation processes subcontracting 

Chain Suppl: Quick response, Industrial dynamic Supply chain Scenarios good for 

Manuf: ECR, etc. approach councils supply chain 
Distr. management 

Industrial dynamic 
approach 
Reverse supply chain 
management 

Total cost of 
ownership 

Information 
Technology support 
Structured systems 
analysis and design 
method 
Modelling the 
information flow 

Opportunism/ trust/ 
power/ commitment 
Positioning in the 
supply chain 

Influence of product 
technology on supply 
chain relationships 

Value system 
analysis 

Communication 
processes 

Network Upstream Supply network Information Suppliers Partnership sourcing 
sourcing technology support meetings 
Transportation routes Supply Network Lean supply 
rationalisation communication 

processes 
Supply network Interplant planning Network sourcing 
structure and logistical 

integration (EDI) 
Redesign HR Supply base 
organisational integration 
incentives 

Downstream Transportation routes Information Trust/ power/ 
rationalisation technology support commitment 
Distribution channel Supply network Logistic partnership 
redesign communication (with logistic service 

processes providers) 
Facilities location Interplant planning Opportunism/ trust/ 
(warehouses, etc. ) and logistical power/ commitment 

integration (EDI) 
Design for supply Outsourcing/ 
chain management subcontracting 

Whole Business network Information Value stream analysis 
redesign approach technology support 
Value system Business network Supply network 
analysis redesign approach partnership 
Design for supply Supply network Trust/ power/ 
chain management communication commitment/ 

processes opportunism 
Industrial dynamic 

approach 
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Giannakis and Croom (2004) then conducted an "axial coding" classification to assist in 

the identification of underpinning and antecedent literatures related to the content of the 

supply chain literature. Sixteen bodies of literature were identified with associated 

theories and models. These are outlined in Table 2.3. 

Table 2.3 Principle Component Bodies of Supply Chain Literature 

BODIES OF SUBJECT OF RESEARCH ASSOCIATED THEORIES 
LITERATURE AND MODELS 

HRM Personnel management Guest Engineer 
Industrial Organisational Structure of the supply chain Organisational Theory, Value 
Economics Governance/ Ownership Chain, TCE, Institutional Theory 
Information Technology E-commerce, Internet, EDI Information Theory 
Institutional Economics Nature of the firm, Boundaries of the TCE, Property rights theory, 

firm, Ownership Agency Theory, Firm as a Nexus 
of Contracts 

Inter-Organisational Relationship dynamics, Trust, Interaction Model, Systems 
Relationships Resource dependence, Agency Theory, Agency Theory, 

theory Transformation Model, Resource- 
Based Theory 

Knowledge Knowledge transfer, Learning Theories 
Management Organisational learning 
Law Contracts design Contract Law Model 
Management Accounting Management of financial assets 

flows 
Marketing Relationship marketing, Customer Relationship Marketing, Reverse 

satisfaction Marketing 
Network Analysis Embededness, Integration of Governance, Embededness 

companies 
Operations Research Inventory management, Decision Game Theory, Linear Dynamic 

making Programming 

Operations Integration of flows of Materials Transformation Model, Systems 
Management and Information Theory 

Logistics, Transformation, 
Production planning, Forecasting, 
Capacity management, Inventory 
management, Distribution channels, 
Procurement, Planning control, 
Postponement, Reverse logistics 

Organisational Behaviour Power, Trust, Capabilities 
management 

Sociology Social networks, Relationship Chaos Theory, Fuzzy Logic 
dynamics 

Strategic Management Decision making, Outsourcing, Resource Based View, Agency 
Position in the supply chain, Value Theory, Transformation Model, 
chain, Integration of companies, Systems Theory, Portfolio 
Structure of the supply chain, Management, Contingency Theory 
Partnerships/ Alliances, 
Benchmarking, Postponement, 
Supplier management 

Systems Engineering Industrial dynamics, Resonance Forrester & Burbridge Effect, 
Chaos Theory 

In relation to the above content overview, several of the cross-functional issues are 

considered in the literature review for this doctoral thesis and raised in subsequent 
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analysis and discussion chapters. In particular, the review focuses upon issues within the 

operations management arena- more specifically the aspect of integration of materials 

and information flows is considered. In addition, the knowledge management body of 
literature is reviewed with regard to particular aspects of "organisational learning" and 

"knowledge transfer". The reasons for focusing upon these particular aspects becomes 

clearer when considering the considerable historical challenges faced in coordinating 

supply chains over the last century. These challenges are reviewed in the following 

section. 

2.1.3 The Historical Challenge of Coordinating the Supply Chain 

The previous sections give some idea of the complex issues of defining conceptual 

boundaries and of the proliferation of literature streams that could be reviewed as part of 

a doctoral study in the field of supply chain management. At this point I return to the 

personal background, motivations and objectives behind this research. As noted in 

Section 1.2 this study set-out to investigate important `real-world' issues with a view to 

helping practitioners with the "What should I do? " question when faced with the 

tremendous challenges of supply chain coordination. Thus a brief overview of the 

historical challenges facing the supply chain professional is conducted here with the aim 

of identifying the most pertinent areas for further supply chain literature review. 

In the literature, perhaps the clearest account of the historical challenges of coordinating 

supply chains is given by Womack et al. (1990) in their seminal work "The Machine that 

Changed the World: The Story of Lean Production". They devote considerable attention 

to the challenges of managing and coordinating supply chains. They coined the term 

`lean supply' as a form of `idealised' supply chain management in the context of the 

automotive sector. In particular Womack et al. (1990) highlighted the crucial importance 

of the relationship between the automotive supplier and, assembler, and how this 

relationship works in practice. 

Womack et al. (1990, p. 138) illustrate very clearly the hugely complex, yet fundamental, 

problems involved in obtaining reliable, flexible and economical supplies by considering 

the evolution of automotive industry supply issues during the twentieth century: 
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"Henry Ford thought he had solved the problem by the time of World War 1: Do 
it all yourself in your own company. However his solution raised as many 
questions as it answered: How do you organize and coordinate hundreds of 
thousands of employees in hundreds of factories and engineering offices? What 
do you do with your machines and factories, all dedicated to making specific 
parts for our own parts, when demand shifts or the economy goes sour? " 

Alfred Sloan thought he had found one answer to these problems: 

"Do it all in your own company, but set up decentralized parts-making divisions 

as independent profit centers... [to] impose the cost and efficiency discipline of 
the market while preserving the coordination advantages of a unified company... 
Sloan had a solution to the problem of the cyclical car market as well: When the 
market slumps, lay off workers in the supply system just as you lay off workers in 
the assembly plant. " 

But by the 1950's Ford had largely returned to the world of "arm's length, market-based, 

short term interactions with independent supplier businesses", whereby "the lowest 

bidder generally won a one-year contract. When the market slumped, these suppliers 

were laid off by means of cancelled contracts, just like workers. " 

At the time of researching "The Machine that Changed the World", the mass-production 

automotive companies of the 1980's were using these approaches around the world- and 

failing! Various `cost-comes-first' style bidding games were played between automotive 

assembler giants (e. g. Ford, GM) and suppliers. For obvious reasons, suppliers (even in- 

house ones) jealously guarded information about their operations to avoid being 

`squeezed' down on prices in follow-on contracts. Such practices usually backfired on 

the assembler customers when it came to the inevitable post-launch processes of 

`debugging' car models, when intense interaction between assembler and supplier was 

needed. Often this required renegotiation of contracts and respecification of quality 

requirements, at the assemblers' expense. Such steps inevitably led to supplier-assembler 

conflict, frequently leading to fully tooled-up suppliers, already supplying below cost in 

order to win the contract, being dumped for `mid-process' lower bidders. Additionally, 

"as if these hurdles weren't enough, there's the added problem of fluctuating volume" 

with rapid shifts in the volume and mix of products that consumers demand. In such 

hostile a climate, mass-producers usually took the view that any oversupply of parts as a 

result of demand fluctuation was the suppliers' problem and were prone to sudden 

cancellation of orders. As a result, suppliers would "build overstock contingencies into 

their bids, and, in the end, the consumer pays for the erratic flow of business. " 
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As the automotive sector was beginning to wake-up to the benefits of lean production 

("in the twilight of [automotive] mass production") many companies reduced the fraction 

of parts obtained from in-house suppliers, inspired by the belief that lower wages in 

outside supplier companies were the competitive secret of the Japanese supply systems. 

Yet, as Womack et al. (1990, p. 140) stressed, these companies were missing the point: 

"The key to a competitive parts-supply system is the way the assembler works 
with its suppliers. " 

One of the keys to successful supply chain coordination for Japanese car manufacturers, 

specifically Toyota, was "managing the relationship" in a far more cooperative way so as 

to provide incentive for suppliers to "merge their learning curves" (i. e. sharing findings 

about how to make parts better, cheaper, faster and with less effort) with the customer 

and other suppliers. 

Lamming (1993) built-upon the work of Womack et al. (1990) , characterising such 

cooperative supply relationships as "beyond partnership". In "Squaring Lean Supply with 

Supply Chain Management", Lamming (1996) goes on to outline the importance of such 

cooperative supply chain coordination beyond the automotive sector, but emphasises that 

differences exist: 

"Inter-firm supply relationships exhibit very different natures when sectors of 
commerce and industry, and indeed different products within one sector, are 
contrasted with one another. " 

Whilst Lamming (1996) indicates that many organizations in different sectors (e. g. high 

street retail and computer manufacture) have moved to adopt cooperative lean supply 

type relations, he makes it clear that this not necessarily the norm: 

"The degree to which product technology flows between customer and supplier 
depends on the relationship between the two organizations, which is itself usually 
deemed to be affected by the different levels and types of power which each may 
exercise. One might expect that, in situations in which the customer is dependent 
on the supplier because of the nature of the product the inter-firm relationship 
would exhibit attitudes and behaviour indicative of common interests and 
collaboration. In fact, such relationships appear to exist only rarely, suggesting 
that the crude commercial power (i. e. buyer's market or seller's market) has more 
influence than the potential benefits... which might accrue from efficient flows of 
technology. " 

Thus Lamming (1996) poses "lean supply as a challenge for supply chain management" 

and as a way that supply chains could, and possibly should, be managed. As such he 
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infers that the attainment of lean supply may be seen as a potential goal of good supply 

chain management (though the supply chain management precepts of `vantage point' and 
`customer superiority' are contrary to lean supply): 

"The challenge of lean supply for proponents of supply chain management is to 
redesign the way in which responsibility for value management is shared, in order 
to exploit expertise wherever it lies in the chain and to recognise the impacts in 
one part of the chain, of decisions made in another. " 

Theoretically, "in lean supply, the entire flow from raw materials to consumer is 

considered as an integrated whole. Interfaces between stages (i. e. between companies- 

suppliers and customers) are thus seen as artificial- created not as natural transformation 

stages in the development (or addition) of value, but as a result of economic arrangement 

of assets (boundaries of firms) governed by other factors... " Whilst Lamming (1996) is 

careful to point out that lean supply may, in theory, appear an absolute, in practice it may 
be acceptable to be leaner than competitors while never achieving total `leanness'. At the 

level of the total supply chain it may therefore be impractical to achieve such 

philosophical perfection. This acceptance of different `levels of leanness' being 

appropriate also infers scope for further evolution of the lean philosophy according to 

development in differing business contexts, and is addressed in the next section. 

2.1.4 The Continuing Evolution of Supply Chains: Lean to 'Leagile' 

The previous discussion, outlines how supply chains evolved through' the 1900's to the 

adoption of the lean supply concept in the 1980's (Womack et al., 1990; Lamming, 

1996). Whilst this development represented a huge step for the development of supply 

chain management, the evolution of theory and practice has continued such that it is now 

supply chains that compete, not individual companies, and the success or failure of 

supply chains is ultimately determined in the marketplace by the end-consumer 
(Christopher, 1992). Getting the right product, at the right price, at the right time to the 

consumer is not only the linchpin to competitive success but also the key to survival. 
Supply chain initiatives strive to match supply to demand, thereby reducing uncertainty 

within the supply chain as much as possible. Sometimes, however, uncertainty is 

impossible to remove from the supply chain due to the type of product involved (e. g. 
fashion garments). Thus, certain supply chains are faced with the situation whereby they 
have to accept some uncertainty but still need to develop a strategy that enables them to 
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still match supply and demand (Christopher & Towill, 2001). Thus new supply chain 

paradigms have evolved: 

"The latter part of the twentieth century saw the lean production paradigm 
positively impact many market sectors from automotive through to construction. 
In particular there is much evidence to suggest that level scheduling combined 
with the elimination of muda [waste] has successfully delivered a wide range of 
products to those markets where cost is the primary order winning criteria. 
However, there are many other markets where the order winner is availability. 
This has led to the emergence of the agile paradigm typified by "quick response" 
and similar initiatives. Nevertheless, "lean" and "agile" are not mutually 
exclusive paradigms and may be married to advantage in a number of different 

ways. " (Christopher & Towill, 2001) 

As Lamming (1996) had brought the lean paradigm into the realms of supply chain 

management, Harrison et al. (1999) broadened the agile manufacturing debate into the 

supply chain management literature. Naylor et al. (1999) provide useful summarised 

definitions to contrast the lean and agile paradigms: 

"Leanness means developing a value stream to eliminate all waste [muda], 
including time, and to ensure a level schedule. " 

"Agility means using market knowledge and a virtual [integrated] corporation to 
exploit profitable opportunities in a volatile market place. " 

Mason-Jones et al. (2000) elaborate upon these definitions, in the light of Hill's (1993) 

manufacturing strategy `order winners and qualifiers', and create the matrix shown in 

Figure 2.1. This illustrates the crucial differences in focus between lean and agile supply 

chains. They expand the order winners and qualifiers to encompass 'market winners and 

qualifiers', where the notion is that to be truly competitive requires not just the 

appropriate manufacturing strategy, but rather an appropriate holistic supply chain 

strategy. 

Figure 2.1 Lean and Agile Supply Chains- Market Winners and Qualifiers 

Agile Supply Chain 

Lean Supply Chain 

1. Quality 
2. Cost Service Level 
3. Lead Time 
1. Quality 
2. Lead Time Cost 
3. Service Level 

Market Qualifiers Market Winners 

Mason-Jones et al. (2000) stress that each of the criteria are important for both lean and 

agile paradigms, lean supply chains are most powerful when the winning criterion is 
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cost; agile supply chains are likely to be most powerful when service and customer value 

enhancement are prime requirements. 

Naylor et al. (1999) highlight the prerequisite characteristics of the lean and agile 

paradigms, identifying similarities and differences between them, as shown in Table 2.4. 

Table 2.4 The Importance of Characteristics of Leanness and Amy 

Keyword Lean Agile 

Use of downstream knowledge 000 000 
Integrated supply chain 000 000 
Lead time compression 000 000 
Eliminate muda 000 o0 
Rapid reconfiguration o0 000 
Robustness o 000 

Smooth demand/ level scheduling 000 0 
Note: o00= Essential. o o= Desirable. o= Arbitrary 

Van Hoek, Harrison et al. (2001) state that "the relevance of agility depends very much 

on the operating environment of the supply chain in which a company operates. " Fisher 

(1997) suggests two specific operating environments as shown in Figure 2.2. Functional 

products with predictable demand benefit most from "physically efficient" supply chain 

operating structures; innovative products demand "market responsive" supply chain 

processes that are focused on speed and flexibility rather than cost. (The Fisher 

Framework and its implications for supply chain integration and collaboration are 

discussed in more detail in Section 2.1.5) 

Figure 2.2 The Fisher Framework 
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Van Hoek, Harrison et al. (2001) relate both lean and agile to the two operating 

environments proposed by Fisher (1997) reasoning that "efficiency" has been defined in 

the lean terms of productivity and quality, and "responsiveness" corresponds to the agile 

philosophy. Lamming et al. (2000) also support and build-upon the work of Fisher 

(1997) to derive and study a similar product-based classification for lean/ agile supply 

networks "consisting of sets of intercorrelated supply chains". Their cross-sector research 

similarly found clear distinctions between "innovative-unique" and "functional" product 
based supply networks, concluding that: 

"The most evident difference between supply networks, of innovative-unique 
products and those of functional products was the nature of information and 
knowledge sharing... " Lamming et al. (2000). 

Based on the notion that there are operating environments that favour lean and others that 

favour agile, and that there is no single best solution, van Hoek and Harrison (2001) 

propose the respective applicability of each paradigm under differing demand and supply 

conditions. This is shown in Figure 2.3. 

Figure 2.3 Lean and Agile Under Demand and Supply Conditions 
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Plan and Execute Hedge and Deploy 
Long 

Lead-time LEAN Hold Inventory 

Short JIT React and Execute 
Lead-time 
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Unpredictable 
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Van Hoek and Harrison (2001) take the discussion further: 

"The reasoning behind different operating environments for the two approaches 
has progressed to the introduction of "leagility". The thinking here is that if 
agility requires development of lean capabilities to start with, the two approaches 
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may co-exist within a single supply chain. The notion of leagility is that before 
the customer order decoupling point (the point in the supply chain from which 
operations are order driven) operations can be lean, whereas downstream they 
need to be agile. This "hybrid" approach recognises the good in both approaches: 
no supply chain will fit into one single box of [Figure 2.3]. " 

Naylor et al. (1999) illustrate the "leagility" concept with case studies, such as Hewlett 

Packard, emphasising that lean and agile paradigms are equally valid and complementary 

within the correct supply chain strategy. Naylor et al. (1999) also point out the 

importance, in combining lean and agile components, of correctly locating the 

`decoupling point' - separating "the part of the supply chain that responds directly to the 

customer from the part of the supply chain that uses forward planning and a strategic 

stock to buffer against the variability in the demand of the supply chain. Downstream 

from the decoupling point all products are pulled by the end-user, that is, they are market 

driven. Upstream from the decoupling point the supply chain is initially forecast driven. 

However, with the advent of Kanban driven supply this has become more than simply a 

push system. " Naylor et al. (1999) conclude that: 

"Manufacturers should not be looking at operations in isolation from the rest of 
the supply chain. Whether to develop an agile or a lean manufacturing structure 
will be dependent upon where in the supply chain the members are located. This 
total supply chain perspective is essential and companies should be striving for 
"leagility"- that is carefully combining both lean and agile paradigms. " 

"The use of either paradigm has to be combined with a total supply chain strategy 
particularly considering [downstream] knowledge and positioning of the 
decoupling point as agile manufacturing is best suited to satisfying a fluctuating 
demand and lean manufacturing requires a level schedule. " 

Christopher and Towill (2001) incorporate the previous issues, and outline the evolution 

of supply chain management from the 1980's in terms of lean and agile characteristics, 

leading to a customised hybrid "leagile" supply chain. They present this evolution from 

product driven to customer driven philosophies as shown in Table 2.5. 

As the previous discussion indicates, many important and worthy research issues arise 

from the evolution of lean, agile and leagile supply chains and several researchers have 

focused upon developing these management philosophies further (e. g. Huang et al., 

2002). Nevertheless, the previous discussion also indicates that at the core of the lean, 

agile, leagile supply chain evolution outlined by Christopher and Towill (2001) are the 

two inter-related concepts of integration and collaboration. These concepts underpin 

much of the lean and agile research. For example, in addition to emphasising the need to 
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consider the total supply chain, Naylor et al. (1999) identify supply chain integration and 

use of downstream knowledge to be of equal, "essential" importance to both lean and 

agile paradigms. Thus, inherent in both paradigms is the fundamental need for high 

levels of supply chain integration "to remove all boundaries to ease the flow of material, 

cash, resources and information". 

Table 2.5 The Phases of Recent Supply Chain Evolution 

Supply Chain 
Evolution I II III IV 

Phase 
Supply Chain 

' Time Marker Early 1980 s Late 1980's Early 1990's Late 1990's 

Supply Chain Product Driven Market Oriented Market Driven Customer 
Philosophy Driven 

Supply Chain Lean functional Lean supply chain Leagile supply Customised 
Type silos chain leagile supply 

chain 
Market Quality Cost Availability Lead time 
Winner 
Market 1. Cost 1. Availability 1. Lead Time 1. Quality 
Qualifiers 2. Availability 2. Lead Time 2. Quality 2. Cost 

3. Lead time 3. Quality 3. Cost 3. Availability 

Performance 1. Stock turns 1. Throughput time 1. Market share 1. Customer 
Metrics 2. Production cost 2. Physical cost 2. Total cost satisfaction 

2. Value added 

According to Huang et al. (2002) the development of lean, and subsequently agile, 

supply chains occurred directly as a result of issues such as: i) inadequate integrated flow 

of information upstream leading to suppliers not being fully informed- and the 

"bullwhip" effect, ii) weaknesses arising as a result of insufficient collaboration and 

manufacturing companies not forming good relationships. Literature dealing with such 

issues is reviewed in the next section. 

The concept of the supply chain as an "integrated whole" is central to the lean 

philosophy (Womack et al., 1990; Lamming, 1996). Lamming (1996) characterises such 

integration as "customers and suppliers being "in the same boat", or perhaps, by the 

concept of "mutual destiny" recognised by neighbours in the supply chain. " This 

understanding of "mutual destiny" leads to the "beyond partnership" type relationships 

between customers and suppliers, and realises the value of high levels of cooperation and 

collaboration. Such integration and collaboration issues are also implicit within the 

important lean concepts of cost and value `transparency'- "the two-way exchange of 

54 



information and knowledge between customer and supplier" (Lamming, 1993; Lamming 

et al., 2001). 

Certainly, as companies strive towards incorporating aspects of agile and achieving 

leagile supply chains, there is an even greater need to work together with supply chain 

partners to determine such complex issues as positioning the decoupling point (Harrison 

et al., 1999). Such issues would require unprecedented levels of cooperation and 

collaboration between supply chain partners (Christopher & Towill, 2001). As van Hoek, 

Harrison et al. (2001) state: 

"Over the past decade literature has managed to communicate a number of 
lessons from business experience very accurately. One is that companies have to 
align with suppliers, suppliers' suppliers, customers and customers' customers to 
streamline operations... Another lesson is that within the supply chain, 
companies should work together to achieve a level of agility beyond the reach of 
the individual company. Companies as wide as raw materials suppliers, 
manufacturers and retailers may need to be involved in the process of achieving 
an agile supply chain. " 

Thus this literature review now takes a step back from the specific evolving philosophies 

of lean and agile- and turns towards exploring the fundamental concepts of integrated 

supply chain relationships and collaborative ways of working that explicitly underpin 

these important paradigms. The next section concentrates upon the supply chain 

literature specifically addressing the core issues of integration and collaboration. 

2.1.5 The Continuing Evolution of Supply Chains: Integration to Collaboration 

"Benetton was the first fashion apparel manufacturer of any scale that was able to 
change its product range during the fashion season to satisfy consumer demand, 
particularly for the colour of the garment that emerged as fashionable for the 
season. Benetton achieved this through... an integration of what have been 
traditionally viewed as logistics, operations management, purchasing and supply 
management, industrial marketing and service management, conducted as a 
coordinated, integrated inter-organisation network of which it owned very little. " 
(Harland et al., 1999) 

One thing that most of the supply chain related literature streams agree upon is that with 

challenging economic climates and ever-heightened competitive pressures, companies 

are being driven to constantly change their business operating strategies. Furthermore, 

for some time organisations throughout the world have been taking bold steps to break 

down both intra and inter-organisational barriers to smooth uncertainty and enhance 
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control of supply chains (Stevens, 1989). Thus the previously outlined definitions of 

supply chain management could translate to cross-functional integration activities 
beyond the borders of individual organisations to encompass channel participants (Stank 

et al., 2001). 

As with lean supply outlined above, supply chain integration is not a new concept (Stank 

et al., 2001). To match developments in the business world, approximately 15 years ago 

academics broadened their focus of research from the narrower analysis of logistics to a 

more comprehensive view of the entire value chain system from suppliers to customers. 

This growing supply chain literature stream has given growing consensus concerning the 

strategic importance of integrating data and information between suppliers, 

manufacturers and customers (Reck & Long, 1988; Leender & Blenckhorn, 1988; 

Bowersox et al., 1989; Syson, 1989; Freeman & Cavinato, 1990; McGinnis & Kohn, 

1990; Morris & Calantone, 1991; Cammish & Keough, 1991; Eloranta & Hameri, 1991; 

Burt & Doyle, 1992; McGinnis & Kohn, 1993; Clinton & Closs, 1997). As Bowersox et 

al. (2000) clarify: 

"The goal of integrated supply chain logistics is to enhance end-customer value. " 

With such a crucial business goal, the issue of supply chain integration has emerged as 

the major concept in this literature stream- to such an extent that proponents such as 
Ragatz et al. (1997) claim that "effective integration of suppliers into product value/ 

supply chains will be a key factor for some manufacturers in achieving the improvements 

necessary to remain competitive. " For practitioners, the importance of integration is 

reflected in the Supply Chain Council's popular Supply Chain Operations Reference 

(SCOR) model that assumes all businesses should include sourcing, making, and 
delivering processes to strategically link suppliers and customers to manufacturers. (The 

SCOR model is explored further in Section 2.1.6. ) 

The case for improving supply chain integration through asset, data and information 

coordination has consistently found support in the increasing wealth of mathematical 

modelling and empirical analysis based supply chain literature (Narasimhan & Jayaram, 

1998; Johnson & Scudder, 1999; Krause, 1999). 

From a modelling standpoint, Lee et al. (1997a) investigated the root causes of the 

"Bullwhip effect"- a hitherto little understood information distorting phenomena 
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observed by practitioners, and possibly best illustrated by the well-known "beer game". 

The bullwhip effect is recognised to have catastrophic ramifications upon coordination 

amongst supply chain partners. Lee et al. (1997a) state that: 

"One important mechanism for coordination in a supply chain is the information 
flows among members of the supply chain. These information flows have a direct 
impact on the production scheduling, inventory control and delivery plans of 
individual members in the supply chain. We study the demand information flow 
in a supply chain and report on the systematic distortion in demand information 

as it passes along the supply chain in the form of orders. [The results]... clearly 
highlight the distortion in demand information. The retailer's orders do not 
coincide with the actual retail sales.. . 

The bullwhip effect refers to the 

phenomenon where orders to the supplier tend to have larger variance than sales 
to the buyer (i. e. demand distortion), and the distortion propagates upstream in an 
amplified form (i. e. variance amplification. )" 

They illustrate the bullwhip effect as shown in Figure 2.4. 

Figure 2.4 Increasing Variability of Orders up the Supply Chain 
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Put simply, Lee et al. (1997b) say that "distorted information from one end of a supply 

chain to the other can lead to tremendous inefficiencies in terms of excessive inventory 

investment, poor customer service, lost revenues, misguided capacity plans, ineffective 

transportation, and missed production schedules. " 

This seminal works of Lee et al. (1997a) and Lee et al. (1997b) identified and reported 
four root causes of the bullwhip effect: 

1. Demand signal processing 

2. Rationing 

3. Order batching 

4. Price variations 

To minimise the bullwhip effect Lee et al. (1997a) established that: 

"The combination of sell through data, exchange of inventory status information, 
order coordination and simplified pricing schemes can help mitigate the bullwhip 
effect. Traditionally, sales data and inventory status data have been considered to 
be proprietary to retailers with no obligation or reason to share it with others. But 
the prescription for overcoming the bullwhip effect demands that the 
manufacturer be given access to these data. " 

Lee et al. (1997b) uncover three categories of initiative to combat the bullwhip effect, 

namely: information sharing, channel alignment and operational efficiency. Each of these 

categories involves the integration of assets, data and information between supply chain 

partners, thus supporting the general notion that data and information sharing in the 

supply chain is desirable in order to avoid operational inefficiencies. 

Further model-based research upholds and extends these findings. For example, Cachon 

and Fisher (2000) investigate the value of shared information in inventory management. 

They share the general belief that capturing and sharing real-time demand and inventory 

data through information technology systems such as electronic data interchange (EDI) is 

one of the keys to improved inventory performance. However their simulation does find 

that information technology that smoothes the flow of physical goods is more valuable 

than that which expands the flow of information. Lee et al. (2000) also model the value 

of integrated demand information. Their simulation shows that information sharing can 
lead to inventory and cost reduction, especially when the demands are significantly 

correlated over time. 
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Yet, mathematical modelling approaches are necessarily limited by relatively simplistic 
dimensions and assumptions. Whilst the discussion around the above analyses alludes to 

more complex mechanisms of activity coordination and knowledge sharing related 

activities between downstream and upstream sites, they go no further than considering 

pure data and information levels. 

In this aspect, the empirically based academic work has perhaps gone further- to include 

more complex dimensions of integration. Armistead and Mapes (1993) conducted a field 

study of managers in the U. K. to investigate the extent to which greater integration along 

the supply chain improves quality and operating performance. Strength of integration 

was measured as a composite index of ratings: 1) extent of shared ownership of 

production schedules, 2) level of adherence to manufacturing plans, 3) use of job titles 

spanning functions (e. g. Supply chain manager), 4) extent of integration of information 

systems, 5) level of visibility and spread of information. The results indicated that 

increasing the level of integration does increase performance. Narasimhan and Jayaram 

(1998) 
. conducted a broader empirical study of causal linkages in supply chain 

integration. They propose a "decisions-oriented" framework for supply chain integration 

rather than the previously used materials or information flow frameworks. Their analysis 

supports the notion that an integrated supply chain involves aligning sourcing decisions 

to achieve manufacturing goals that are set to respond favourably to the needs of 

customers. 

In their empirical analysis, Frohlich and Westbrook (2001) add further support to the 

supply chain integration view, stating that "in the new millennium upstream and 
downstream integration with suppliers and customers has emerged as an important 

element of manufacturing strategy. " Quoting Anderson and Katz (1998), and Lummus et 

al. (1998), Frohlich and Westbrook (2001) reason that the goal of integration is typically 

to create and coordinate manufacturing processes seamlessly across the supply chain "in 

a manner that most competitors cannot very easily match. " 

Frohlich and Westbrook (2001) find in the existing literatures two interrelated forms of 
integration that manufacturers regularly employ at tactical levels: i) "the forward 

physical flow of asset deliveries between suppliers, manufacturers, and customers"; and 
ii) "the backward coordination of information technologies and the flow of data from 

customers to suppliers". They represent this as in the Figure 2.5. 
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Figure 2.5 Integration in the Supply Chain 

Information Integration 

Delivery Integration 

Suppliers Manufacturer Customers 

The empirical work of Frohlich and Westbrook (2001) in which the direction and degree 

of supply chain integration are designated as "arcs of integration", finds that higher 

operational performance is indeed strongly associated with broader arcs of integration. 

This concept is indicated in Figure 2.6. Thus they find empirical support for the hitherto 

held view that integration of data and information is beneficial for operational 

performance- and basically the greater the level of this data and information integration 

the better. 

Figure 2.6 Arcs of Integration 

Narrow Arc of Integration 
\A----º/ 

Extensive No Extensive 
Integration Integration Integration 

Suppliers Manufacturer Customers 

Yet, Frohlich and Westbrook (2001) go further in their concluding discussion, 

enhancing the pure data and information sharing view of integration to include 

collaboration: 
"In this millennium, enhanced competitiveness not only in control but also in 
issues such as product design will require that manufacturers increasingly open 
out their arcs of integration and collaborate within a network of organisations. 
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New technology is already facilitating such developments. The Internet allows 
any member of a supply chain to connect to any other organisation. In other 
words, the widest possible arc of integration has rapidly changed from a 
theoretical concept to an operational reality. Manufacturers can now link to 
customers using e-commerce on the sell side of the Internet in what is popularly 
termed the "Dell direct" model. The more information that manufacturers have 
concerning end consumer's requirements the simpler supply and demand 
decisions become, and the lower the risks of stockouts or obsolete inventory. " 

They extend this reasoning to the integration with suppliers, suggesting that: 

"on the buy-side extensive electronic supply base management is increasingly 
feasible... Internet technology, with its world-wide interconnectivity and ease of 
access, is far less costly and permits many more suppliers, even quite small ones, 
to be integrated electronically into a supply chain. 

One consequence for supply chain integration of this cheaper, easier Internet 
communication may be to extend the types of information exchanged. Not only 
the delivery schedules and billing data of an EDI system, but also new product 
ideas, on-line product support material, training aids, and technical knowledge 
can be transferred. Thus, the nature of collaboration may increase in range and 
intensity, and a broad arc of integration will be defined in terms of more or 
different variables. " 

Practitioner-oriented literature has echoed the benefits of wide arcs of integration with 

supply chain partners- often demonstrating with examples such as Dell the benefits to 

organisations that are capable of managing the complex processes of transferring and 

sharing data and information between supply chain partners (Magretta, 1998). The 

practitioner literature has also been quick to adopt the term supply chain collaboration as 

an apparent extension to or ideal form of supply chain integration. Yet it is difficult to 

see exactly "how" collaboration differs from integration- since both terms are usually 

expressed in terms of sharing and exchanging data and information between supply chain 

partners. It would appear that the often fairly `fuzzy' use of the term collaboration simply 
implies sharing more, and more data faster (Horvath, 2001). 

However, Frohlich and Westbrook's (2001) use of the word `collaboration' goes far 

beyond the integration of more data and information faster. Their logical development is 

that degree and extent of supply chain integration technologies and practices is liable to 

evolve so that "opinions, expertise and knowledge" can be exchanged. Since "in the 

foreseeable future the logistics process will remain human centric" (Bowersox et al., 
2000) there is a lot to be gained from the sharing and coordination of opinions, expertise 

and knowledge between personnel working in supply chain partner organisations. It is 
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the potential for sharing opinions, expertise and knowledge, facilitated by modem 
communications, that could open up the possibility for supply chain collaboration. 

Horvath (2001) argues that collaborative technology infrastructures (e. g. c-business 

networks) will go beyond data and information sharing systems. She reasons that such 

collaborative systems will not only have to include access to order tracking, logistics and 
billing information, but also include "intelligence" capabilities for issues such as product 

configuration or joint decision taking. Thus collaboration will go beyond integrated 

information systems towards a collaborative state whereby competitive advantage will 

reside in the ability of the business to "leverage the intelligence inherent in the supply 

chain network". 

This move from integration to collaboration that incorporates sharing knowledge and 
intelligence is also key to the Harland, Lamming and Cousins (1999) concept of supply 

strategy: 

"Supply strategy relates to the integration of supply activities within firms, in 
dyadic relationships, in chains of firms and in inter-organisational networks... [It 
is] a holistic approach to managing operations within collaborative inter- 
organisation networks, allowing the formulation and implementation of rational 
strategies for creating, stimulating, capturing and satisfying end customer demand 
through innovation of products, services, supply network structures and 
infrastructures in a global, dynamic environment. " 

Though according to the Harland, Lamming and Cousins (1999) concept: 

"Collaboration is not defined in a restrictive sense; strategies may range from 
close interfacing (verging on integration) to marriages of convenience. " 

Yet, Stank et al. (2001) do define collaboration as: 

"A process of decision making among interdependent parties. It involves joint 
ownership of decisions and collective responsibility for outcomes... key 
dimensions are a cross-department (or organisation) scope, a commitment to 
working together, and some common bond or goal... The success of 
collaboration depends upon the ability and willingness of managers to build 
meaningful relationships and create trust. " 

Stank et al. (2001) continue, stating: 

"At an operating level, collaboration requires significant change from standard 
business practice, particularly in the area of information exchange. " 
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Thus, an important distinction emerges between the concepts of integration and 

collaboration. On the one hand integration is widely interpreted as constituting the 

automatic `mechanical' exchange of data and information- such as shared order data, 

inventory level data, logistics and billing information etc. Whereas collaboration 

apparently requires the more complex, sophisticated and sometimes subtle `human' 

intelligence exchanges such as working together, joint decision taking, shared expertise 
and knowledge. Fawcett and Magnan (2002) clarify the move from integration to 

collaboration concept: 

"Early adopters of supply chain practice have discovered that real collaboration 
goes beyond information exchange and are working diligently to establish other 
integrative mechanisms to enhance coordination with truly important first-tier 
suppliers and customers. " 

Fawcett and Magnan (2002) suggest that supply chain collaboration is the ultimate goal 

of the "integration journey", in a similar fashion to Christopher and Towill (2001) 

indicating leagility as being the target in developing lean-agile capabilities. 

Yet, some uncertainty and inconsistency still prevails. There are still some awkward 

mixed messages within the literature suggesting that theory and practice have not 

evolved sufficiently to fully understand the issues surrounding integration- let alone 

collaboration. In their combined survey and case study interview investigation of supply 

chain integration Fawcett and Magnan (2002) found that few companies fully understand 

or are actually engaged in extensive supply chain integration- despite -88% of managers 

regarding it as an important part of their business strategy and important contributor to 

organisational competitiveness. 

From a practitioner standpoint, Davenport (1998) issues the following warning, citing 

many top companies such as FoxMeyer Drug, Mobil Europe, Applied Materials and even 

Dell Computer that have failed in some way due to information integration: 

"If you're not. careful, the dream of information integration can turn into a 
nightmare... Enterprise systems appear to be a dream come true. These 
commercial software packages promise the seamless integration of all the 
information flowing through a company... But are these enterprise systems living 
up to companies' expectations? The growing number of horror stories should 
certainly make managers pause. " 
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Also, whilst Narasimhan and Kim (2002) empirically demonstrate the importance of 

"collaborative supply chain integration" to product diversification and differentiation, 

Fisher (1997) makes clear that a devotion to data and information integration alone is not 

a supply chain magic wand: 

"Never has so much technology and brainpower been applied to improving 
supply chain performance. Point-of-sale scanners allow companies to capture the 
customer's voice. Electronic data interchange lets all stages of the supply chain 
hear that voice and react to it by using flexible manufacturing, automated 
warehousing, and rapid logistics. And new concepts such as quick response, 
efficient consumer response, accurate response, mass customisation, lean 
manufacturing, and agile manufacturing offer models for applying the technology 
to improve performance. Nonetheless, the performance of many supply chains 
has never been worse. " 

Fisher's (1997) work on product-oriented responsive and efficient supply chains, is 

closely paralleled by the emerging literature in the lean and agile manufacturing 

paradigms (and their application to the supply chain context as discussed earlier in 

Sections 2.1.3 and 2.1.4) Fisher contends that the root cause of the problems plaguing 

many supply chains is a mismatch between the type of product and the type of supply 

chain, and that this goes beyond simply sharing data and information with upstream and 

downstream companies. It is not just demand data that is important, but "the first step in 

devising an effective supply chain strategy is to consider the nature of the demand for the 

product's ones company supplies. Many aspects are important- for example, product life 

cycle, demand predictability, product variety, and market standards for lead times and 

service. " 

Furthermore, the question, raised by Fisher (1997), "What is the right supply chain for 

your product? " cannot be answered by any one company in isolation of its supply chain 

partners. The decision to match functional products to efficient supply chains or 

innovative products to responsive supply chains is not one that can be taken without co- 

operative decision making with partners- certainly way beyond just exchanging data and 

information. For a supply chain to function in the correct quadrant of Fisher's framework 

shown above in Figure 2.2 requires a high degree of collaborative thought, planning and 

action. On the one hand, supply chains for innovative products need to be able to cope 

with demand uncertainty. This translates to cutting lead times and increasing flexibility 

in order to produce to order or at least manufacture the product at a time closer to when 
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the demand can be accurately forecast. This calls for high levels of collaboration and 
knowledge sharing between supply chain partners. 

Similarly, efficient supply chains for functional products need to relentlessly pursue cost 

reductions. Fisher (1997) cites the example of the Campbell Soup Company who, 

through extensive cooperation, collaboration and knowledge sharing with manufacturers 

and retailers, has managed to achieve an efficient supply chain for their functional 

product. In this respect he reinforces the points made by Frohlich and Westbrook (2001) 

above by stating: 

"Cost reduction is familiar territory, and most companies have been at it for 
years. Nevertheless, there are some new twists to this old game. As companies 
have aggressively pursued cost cutting over the years, they have begun to reach 
the point of diminishing returns within their organisation's own boundaries and 
now believe that better coordination across corporate boundaries- with suppliers 
and distributors- presents the greatest opportunities. Happily, the growing 
acceptance of this view has coincided with the emergence of electronic networks 
that facilitate closer coordination. " 

The above discussion indicates that the concepts of integration and collaboration are 

fundamental to the evolution of supply chain management theory and practice. Yet, it 

would seem that there are still gaps in understanding. One area where further 

development of the concepts is apparently needed relates to the "rhetoric and realities of 

supply chain integration" and the fact that "supply chain practice seldom resembles the 

theoretical ideal" (Fawcett & Magnan, 2002). Another area of uncertainty surrounds the 

issue that most supply chain integration research stops at the data and information levels 

of exchange. Whilst the literature recognises the importance of supply chain 

collaboration as an ideal- little research has empirically explored the more expansive and 

sophisticated dimensions (joint decision and risk-taking, working together, knowledge 

sharing etc. ) that distinguish the concept from supply chain integration. This clearly 

opens up important new opportunities and challenges both for academics and 

practitioners. (For further explanation of what distinguishes knowledge from simple data 

and information- see Section 2.2.2. ) 

The next section moves on to consider current supply practices- as promoted by leading 

consulting companies and practitioner organisations. 
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2.1.6 Current 'Good' Supply Chain Practice- The SCOR model 

Having conducted a broad review of the formal academic supply chain management 

literature, a review of current supply chain practice is undertaken here with the aim of 
informing this doctoral research study and ensuring it is in tune with developments in the 

business world. Various eminent operations management researchers make a strong case 

for academics to be well aware of what is happening with practitioners and thus to also 

consider relevant practitioner publications (Meredith, 2001; Meredith, 2002; Handfield, 

2002). Clearly, whilst scanning practitioner publications and consultancy promotional 

material for current supply chain practices, it is essential to be aware of the significant 

limitations of such literature. Care needs to taken especially with that practitioner 

literature that portrays itself as formal, learned literature and `pure research'. Therefore 

in reviewing both academic literature and practitioner-oriented publications important 

caveats should be recognised and applied, including: 

1. The standards of scientific method and rigour that are required of formal 

academic literature do not necessarily apply to practitioner studies. A lack of 

theoretical foundation, logical reasoning or analytical integrity can result in a 

tendency of practitioner literature towards over emphasising anecdotal evidence 

and superficial analysis. Therefore. specific findings or recommendations of such 

practitioner literature should be interpreted with great caution. 

2. The standards of ethics and trust that are required of formal academic literature 

do not necessarily apply to practitioner studies. In most practitioner literature 

there is an underlying commercial incentive. With such ulterior motives there is a 

strong possibility of any such investigations and subsequent reporting being 

distracted from otherwise-noble research aims, erring from impartiality, 

obscuring possible alternatives and so on, thus detracting from the validity of any 

potentially biased results, claims or suggestions made. 

Nevertheless, whilst extreme caution should be exercised before placing undue 

confidence in specific findings and recommendations emanating from practitioner 
literatures, their inclusion in a review of current practices is important to ensure that: 
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"As academics we should get ahead of current practice and lead the way for 
improved, more effective operations in the future, while never losing sight of 
what is happening in the business world around us. " (Krajewski, 2002) 

With the above caveats in mind, an overview of practitioner-oriented supply chain 
literature clearly indicates that practitioners have taken many of the concepts emerging 
from the academic supply chain literature to heart- including those of supply chain 
integration and collaboration. This has manifested itself in the development of the Supply 

Chain Operations Reference (SCOR) model by the Supply Chain Council that is 

becoming entrenched in supply chain practice (Supply Chain Council, 2004). 

The Supply Chain Council website (www. supply-chain. org) provides an impressive list 

of companies across various sectors that have implemented the SCOR model with 

apparent success. These include: Alcatel, AT&T Wireless Services, Avnet IMS, Boeing, 

Borden Chemical, Carter Holt Harvey, Charoen Pokphand Group, Coca-Cola, Compaq, 

Daimler Chrysler, Fonterra Co-Operative Group, Gensym Corp., Gist Ltd., Gold'n 

Plump Poultry, Inc., Greene, Tweed & Co., i2, IBM, ICI, Imation, Intel Corporation, 

Kühne and Nagel Management AG, Lockheed Martin, Logistics Management Institute, 

Mead Johnson, Nabisco Inc., New Zealand Dairy Board, Philips, Pragmatek, Queensland 

Rail, Siemens, Sonoco, Systems Solutions, Tilion, Inc., United Space Alliance, United 

States Department of Defence, US Navy, and USMC. 

According to the Supply Chain Council website: 

"Companies worldwide are using SCOR to examine the configuration of their 
supply chains, identify and measure metrics, determine weak links, and achieve 
best practices in order to increase the efficiency of their operations. The Model is 
more than a tool for charting supply processes or activities. It is a business 
process reference model that links process description and definition with 
metrics, best practice, and technology. While remarkably simple, it has proven to 
be a powerful and robust tool set for describing, analysing, and improving the 
supply chain. " 

The scope of the SCOR model (Supply Chain Council, 2004) includes all elements of 
demand satisfaction beginning with the initial signal of demand (the order or forecast) 

and ending with the final signal that demand has been satisfied (final invoice and 

payment). As shown in Figure 2.7 the boundaries of the model are defined as being 

"from the supplier's supplier to the customer's customer", and the framework uses a 
`building block' approach based on the five management processes of 
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" Plan 

" Source 

" Make 

" Deliver and 

" Return 

Figure 2.7 Diagrammatic Representation of the SCOR Model Version 6.1 

The aim is that this allows a supply chain to be `assembled' across organizations, internal 

and external, across industry segments, and across geographies. One of the primary uses 

of SCOR is as a tool for evaluating and improving supply chain integration and 

collaboration efforts between different companies. 

In carrying out a review of supply chain practices, it is also necessary to include the up- 

to-date work that exists in the commercial consulting literature. Such supply chain 

consultant companies include Oracle, SAP, JDEdwards, i2, PRTM (Pittiglio, Rabin, 

Todd & McGrath), and Manugistics. 

Along with relevant academic literature that propose good supply chain practises in 

certain parts of the SCOR model (e. g. Rogers & Tibben-Lembke, 1999; Frohlich & 

Westbrook, 2001; Narasimhan et al., 2001), a review of consulting company supply 

chain products and services also indicates the practices that companies are currently 

trying to adopt under each of the SCOR dimensions of Plan, Source, Make, Deliver, and 
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Returns (Oracle, 2003; SAP, 2003; JD Edwards/ Peoplesoft, 2003; i2,2003; PRTM, 

2003; Manugistics, 2003). In addition, certain academic literature (e. g. Petersen et al., 
2003) and consulting companies suggest that the process of `New Product/ Service 

Development' be included within the SCOR management processes. Table 2.6 provides a 

summary of what is considered to be good practice under each of these SCOR processes, 

and constitutes a significant review of academic and current commercial consulting 
literature relating to collaborative supply chain integration best practice. 

Table 2.6 Summary of `Good' Practice Related to the SCOR Model 

SCOR 
Dimension 

Practice Source of 
Information 

PLAN " Strategic Network Optimisation: Optimising supply chain Academic Literature: 
networks, rationalise business combinations, handle crisis Smaros et al., (2003); 
situations, plan tactical sourcing, pre-builds or capacity Finarelli & Johnson, (2004); 
allocations Mentzer & Moon (2004); 

" Demand Planning: Predict future demand based on historical Frohlich & Westbrook (2001; 
demand and market intelligence Svensson (2004); Wright 

" Demand Consensus. Collaborate with channel partners and (2003) 
internal departments who have insight and/ or influence on 
demand Commercial Consultants: 

" Production Planning: Create optimal raw material sourcing, Oracle (2003); SAP (2003); 
manufacturing and deployment plans across all production sites JD Edwards/ Peoplesoft 

" Order Promising: Rapidly calculate order delivery dates based (2003); i2 (2003); PRTM 
upon real-world capabilities and constraints of the multi-site (2003); Manugistics (2003). 

enterprise 
" Production Scheduling: Create detailed, constraint based factory 

production schedules and material plans 
" Transportation Planning: Design effective transport networks; 

Create optimal shipment plans; collaborative contractual 
negotiations with carriers; manage entire transportation execution 
including exceptions; visibility of shipment status; highly utilised 
transportation assets even during "off-peak" seasons. 

" Distribution Planning Optimise the levels of finished goods 
inventory to ensure targeted customer service levels are met; plan 
replenishment builds, seasonal pre-builds, and inventory 
movements between stocking locations 

" Promotions Planning Align the supply chain with sales and 
marketing activities; optimise promotions to achieve maximum 
profitability; organise promotions appropriate to the stage of 
product/ service life cycle; reduce promotional spending whilst 
monitoring real time results 

" Service and Parts Management Planning Create a coherent 
service and parts management planning system aimed at 
sustaining end customer satisfaction; including service and parts 
network, part redistribution, part repair forecasting, field service 
scheduling, service part troubleshooting, customer returns. 

SOURCE " Share capital investment and inventory risks Academic Literature: 

& DELIVER " Share visibility of inventory demand Akacum & Dale (1995); 
" Nurture long term relationships Disney et al. (2004); Steckel 
" Participate in supplier development et al. (2004); Narasimhan et 
" Share cost savings al. (2001) 

" Engage in joint-venture operations 
" Coordinate agreements/contract management Commercial Consultants: 

" Participate in on-line auctions Oracle (2003); SAP (2003); 

" Make use of e-procurement and automated transactions JD Edwards! Peoplesoft 

" Make use of exchanges and supplier portals 
(2003); i2 (2003); PRTM 
(2003); Manugistics (2003). 

" Use Vendor Managed Inventory (VMI) 
" Outsource to 3'1 Party Logistics 3PLs 
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Table 2.6 Summary of `Good' Practice Related to the SCOR Model (Cont. ') 

SCOR Practice Source of 
Dimension Information 

MAIS, " Implement information and communications technologies and/ or Academic Literature: 
Enterprise resource planning software. Shah & Ward (2003); Hines 

" Implement pull production (e. g. reducing batches, set-up time, et al. (2004); 
using Kanban systems) 

" Implement programmes for quality improvement and control Commercial Consultants: 
(e. g. TQM programmes, 6 sigma, quality circles) Oracle (2003); SAP (2003); 

" Restructure manufacturing processes and layout to obtain process JD Edwards/ Peoplesoft 
focus and streamlining (e. g. reorganize plan-within-a-plant, (2003); i2 (2003); PRTM 
cellular layout) (i. e. reengineered business processes from a (2003); Manugistics (2003). 

functional towards process orientation) 
" Promote actions to increase level of delegation to and knowledge 

of workforce (e. g. empowerment, training, improvement or 
autonomous teams) 

" Dedicated positions for supply chain professionals or "supply 
chain champions" 

NEW " Collaborative and interactive product design, and product Academic Literature: 
improvement. Petersen et al. (2003) 

PRODUCT " Controlling an integrated paperless engineering change order 

DEVELOP- system throughout a product's lifecycle Commercial Consultants: 

MENT " Coordinating production capacity for NPD prototypes Oracle (2003); SAP (2003); 
JD Ed d /P l ft " Coordinating purchasing for prototypes war s eop eso 

" Coordinating ramping-up/ priming of the supply chain for (2003); i2 (2003); PRTM 

product launch (2003); Manugistics (2003). 

" Designing "for" effective supply chain management 
" Coordinating production of new products 

RETURNS " Coordinating collection, sorting and routing of products returned Academic Literature: 
from supply chain partners/ and or end users (due to stock Morton (2003); Tibben- 
balancing, excess from marketing promotions, end-of-season, Lembke (2002); Rogers & 
end-of-product life or transit damage, due to defective/ unwanted Tibben-Lembke (1999) 
products, warranty returns, recalls, and environmental disposal 
issues) Commercial Consultants: 

" Coordinating collection, sorting and routing of products returned Oracle (2003); SAP (2003); 
from end users JD Edwards/ Peoplesoft 

" Coordinating collection, sorting and routing of packaging (2003); i2 (2003); PRTM 

returned from supply chain partners (due to reusable totes, multi- (2003); Manugistics (2003). 

trip packaging, disposal requirements) 
" Coordinating collection, sorting and routing of packaging from 

end users (due to reuse, recycling, disposal restrictions) 
" Ensuring processing capability is sufficient to deal with product/ 

packaging return levels. 
" Working to reduce returns inventory held 
" Identifying and authorising legitimate returns 
" Working to reduce processing cycle times 
" Calculating the cost of the returns process 
" Maintain customer confidence in the returns/ repair process. 

The dimensions in Table 2.6 are used in subsequent sections to ensure that existing 

operations practices are included in the empirical investigations. 

2.1.7 The Future Evolution of Supply Chains- Mega-Trends 

Bowersox et al. (2000) bring the development of supply chain practice back into the 

academic literature and ask the question: 

"Where are we now in the evolution of supply chains and what has to occur to 
advance along the continuum? " 
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They build upon the broadened view of the need for integration and collaboration in 

different forms of modem supply chains. Their argument is that, in addition to a 

commitment to operational excellence, and implementation of supply chain management 

principles and practices, firms need to be aware of the changing environment in and 

around the firm in order to not be "in the position of doing things extremely well that no- 

one values. " To this end, Bowersox et al. (2000) outline ten "mega-trends". They 

consider these mega-trends as reflecting: 

"fundamental paradigm shifts exhibited by leading firms as they transform their 
supply chain capabilities to accommodate the long-term transition from industrial 
to information technology driven society. These mega-trends imply substantial 
change in logistics practises between supply chain partners as they struggle to 
establish efficient, effective, and relevant product! service solutions for end- 
customers. " 

Bowersox et al. (2000) consider the ten mega-trends to be precursors to revolutionising 

supply chain logistics. They go on to say that: 

"The transitions underlying some of the mega-trends represent the challenges of 
the emerging decade for logisticians and supply chain executives and identify the 
direction for change. " 

They coin the term "supply chain maturity" and give an indication of how well 
developed firms generally are with respect to each of their outlined mega-trends. In 

essence, their I to 10 assessments of current realisation levels of the mega-trends gives a 

simplistic "maturity" scale for each- showing how developed or advanced organisations 

are in terms of implementing practices pertaining to each particular mega-trend. With 1 

representing no meaningful implementation and 10 representing total implementation, 

their scale provides some indication as to where the greatest opportunities exist for the 

further evolution of the supply chain. 

Closer inspection reveals that three of the mega-trends have particularly low maturity 

scores, and are inter-related. The following text is a summary of the relevant parts of the 

Bowersox et al. (2000) mega-trends: "Adversarial to Collaborative"; "Information 

Hoarding to Sharing"; and "Towards Knowledge-Based Learning". 

Adversarial to Collaborative 

"In most business relationships today, suppliers sell to customers. Often there is 
considerable conflict in these buyer/ seller arrangements as each party seeks the 
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best financial deal. Neither side fully trusts the other. Vendors must guess 
customers' needs since the specific demand or planning information is not shared. 
In such situations, the potential for achieving overall operating efficiency is 
limited as firms manoeuvre for short-term benefits at the expense of their trading 
partners. The concept of integrated supply chain management highlights the 
leveraged benefits of firms collaborating to achieve common goals. " 

It is clear, however, that `collaboration' is talked about much more than it is actually 

practiced (a point that is also made by Fawcett and Magnan (2002) in the previous 

section. ) This mega-trend receives a score of only 2 to 3 on the ten-point maturity scale, 

and given its widely recognised importance, the move towards collaboration constitutes a 

major step in the future evolution of supply chains. 

As suggested in the previously reviewed literature, central to this collaboration mega- 

trend is the need for supply chain participants to share information. This issue is outlined 

in the next mega-trend. 

Information Hoarding to Sharing 

Amongst academics and practitioners there is an awareness of the benefits of integration 

and collaboration, and the underlying need to share information. And yet Bowersox et al. 

(2000) stress: 

"The shift from a need-to-know mentality to relevant information sharing is a 
difficult transition for old school managers. Most, with years of experience in the 
trenches, have learned the hard way that information is power. It is becoming 
increasingly clear, however, that those who hoard information can only exploit it- 
they cannot leverage it. The immediate gains that are generated from such 
information hoarding pale in comparison to the cost savings and enhanced service 
that progressive firms find attainable through sharing relevant information with 
supply chain partners. The open deployment of information across the supply 
chain is the catalyst that enables effective integration. It serves as the key that 
unlocks the power of supply chain integration. " 

With an average firm maturity level of only 3 to 4 on the Bowersox et al. (2000) ten- 

point scale, it is clear that information-sharing practices need to be further developed for 

the continued evolution of supply chain management. 

These first two mega-trends clearly identify the need for even more extensive forms of 

collaboration and information sharing in future supply chains. This is developed further 

by the third knowledge-based learning mega-trend that emphasises the need to go beyond 
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information sharing between supply chain partners and also share, capture and apply 

skills, expertise and knowledge. 

Towards Knowledge-Based Learning 

Bowersox et al. (2000) argue the importance of knowledge and learning to the future 

evolution of supply chain logistics: 

"In the foreseeable future the logistics process will remain human centric. 
Effective management of the logistics process, however, is complicated by the 
fact that over ninety percent of all logistical work takes place outside the vision of 
the supervisor. No other employees within the typical business enterprise are 
expected to do so much critical work without direct supervision as those that 
make logistics happen... There is a critical need in these areas for employees that 
understand supply chain dynamics and can use information-based tools to 
develop and implement effective strategies. " 

With the lowest average industry ten-point scale maturity of 1 to 2 on this dimension, it 

is clear that moving towards effective skill development, knowledge sharing and 

organisational learning represents a significant step in the evolution of supply chains. 

"Among all the mega-trends, the development of effective knowledge-based 
learning may be the least developed. This represents a substantial challenge and 
opportunity... " 

Interestingly, "it is estimated that as little as 20 percent of the scope of a typical logistical 

change initiative is within the direct control of a firm's logistics organisation". Therefore, 

it is necessary to collaboratively share information, expertise and knowledge with 

external supply chain partners in order to control the remaining 80 percent. 

Thus the first two mega-trends of Bowersox et al. (2000) indicate that those firms that 

are fastest in evolving their supply chains in terms of collaborative sharing of 

information are likely to reap benefits. Furthermore, the third "knowledge-based 

learning" mega-trend indicates that evolution of supply chains will go beyond the 

information sharing level towards the collaborative transfer of knowledge and learning. 

Bowersox et al. (2000) highlight the knowledge issue as essential to the continued 

evolution of supply chain theory and practice. Yet, as was found from the broader review 

in Section 2.1.5, the majority of the integration and collaboration supply chain literature 

has overlooked this since it rarely goes beyond the data and information level of analysis. 
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Considering the Bowersox et al. (2000) `thought' work discussion in the light of the 

previously reviewed supply chain integration and collaboration literature yields 

interesting insights regarding supply chain evolution. In particular, consideration of the 

collaborative information sharing and knowledge-based mega-trends leads to three 

specific conceptual dimensions which can be summarised as follows: 

Dimension 1: Collaborative information sharing and knowledge transfer 

Dimension 2: Employee and organisational skill and knowledge-based competence 

Dimension 3: Level of collaborative practice implementation- or maturity level 

Bowersox et al. (2000) identify these collaborative knowledge-based dimensions as 

being crucial to understanding "what has to occur to advance along the continuum" in the 

evolution of supply chains and yet as being at a relatively low stage of development in 

theory and practice. These knowledge dimensions are reviewed in more detail in the next 

section. 

2.1.8 Supply Chain Evolution: Knowledge Transfer, Competence and Maturity 

Following the Bowersox et al. (2000) reasoning, the knowledge-based dimensions of 

knowledge transfer, competence and maturity are likely to determine the operational 

success of supply chains as they continue to evolve to cope with new business 

environments and contexts. 

Supply Chain Knowledge Transfer 

The case put forward by Bowersox et al. (2000) for moves towards more collaboration 

and knowledge sharing, clearly relies on there being the possibility of knowledge transfer 

between organisations in the supply chain. They postulate that successful collaboration 

requires structures, frameworks, and metrics that encourage cross-organisational 

knowledge transfer. Bowersox et al. (2000) show that these transfers of knowledge may 

take several explicit forms, including "the exchange of data files and provision of direct 

access to databases". They also discuss more complex forms by which information and 

knowledge may be transferred between supply chain partners, including: 
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a) "shared employees... extend the process by providing a managerial conduit 
though which information flow between organisations can be coordinated and 
translated", 

b) "through third party logistics suppliers who assign dedicated employees to 
shipper locations to ensure coordination. " 

Whilst much of this knowledge transfer is likely to be in explicit or codified forms, a 

significant proportion is also likely to be of a more tacit nature (See section 2.2). 

Bowersox et al. (2000) gives an idea of the complexity involved in supply chain 

knowledge transfer with the following example of a less formal- but no less important, 

knowledge transfer process between separate supply chain organisations: 

"... an unsupervised truck driver performs almost all the value created by moving 
a product from a shipping location to a customer destination. Truck drivers in 
fact, may spend more time face-to-face with key customer representatives than 
any other company employee. The truck driver may not even be an employee of 
the firm that is making the shipment to the customer. " 

This leads to the necessity of developing appropriate employee skills and organisational 

competences. 

Employee and Organisational Competence 

In discussing the importance of the knowledge-based learning mega-trend, Bowersox et 

at. (2000) highlight the importance of employee and organisational skills and 

competencies. Whilst Bowersox et al. (2000) make no clear distinction between what 

constitutes skill and competence, Gammelgaard and Larson (2001) differentiate the two 

within a supply chain context as follows: 

"Skills cover general context-independent knowledge; competencies refer to 
experience-based and context dependent knowledge. Skills are general tools and 
rules taught in most logistics classes, which are vital to the practitioner. However, 
to reach a competence level in the logistics discipline, practitioners acquire 
context dependent knowledge through organisational experience. Witt (1999) 
suggests workers must remain on the job to become competent. Dreyfus and 
Dreyfus (1986) argue that a competent practitioner makes decisions based upon 
rules and analysis, but with organisational experience can depart from rule-based 
analysis and make synchronic, intuitive, and holistic decisions. " 

Regarding employee competence, Bowersox et al. (2000) state that: 

"Training must shift from emphasising individual employee skill training to develop 
knowledge-based learning. This means that skill development must be placed in the 
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context of the overall process in terms of objectives, dynamics and measurements. 
For example, a truck driver certainly must be skilled in all facets of driving. 
However, they must also possess knowledge concerning how they fit into the 
logistical process and how to access expert data warehouses, tracking capabilities, 
and adaptive decision support systems to resolve and prevent operating problems. 
Some forms of knowledge generation are as simple as learning how to cooperate. 
Others may require astute skills to identify emerging trends. " 

And, furthermore: 

"It is becoming increasingly clear that firms must build the knowledge competencies 
of key managers and planners. These individuals must be provided the education and 
experience that enables them to build an understanding of the risks and benefits 
inherent in supply chain integration... In a world where all logistics and supply chain 
employees are relatively high paid specialists, the firms that develop and maintain 
broad-based supply chain managers will exploit. the winning formula. " 

And, similarly they argue that the level of successful collaboration will depend upon 

organisational competence that manifests itself in "structures, frameworks, and metrics 

that encourage cross-organisational behaviour. " This organisational competence should 
be sufficient to "clarify leadership roles and shared responsibilities, delineate guidelines 

for sharing proprietary planning and operational information, and create financial 

linkages that make firms dependent upon mutual performance. In addition, formal 

guidelines that define joint operating policies and procedures for handling both routine 

and unexpected events should be derived. " At the same time competence levels should 

be such that an organisation is "highly sensitive to the potential negative aspects of 
interlocking agreements. " 

Level of Supply Chain Maturity 

In adopting their supply chain maturity scale, Bowersox et al. (2000) clearly indicate that 

differences exist between organisations in terms of their development of different 

collaborative supply chain practices- and especially those related to collaborative 

information sharing and knowledge-based learning. Additionally, they show that such 

differences could also exist at a business or industry sector level. 

Bowersox et at. (2000) define maturity in terms of level of collaborative supply chain 

practice implementation. Applying this to the Bowersox et al. (2000) collaborative 

information sharing and knowledge-based learning mega trends leads to a conceptual 

construct corresponding to the level of collaborative knowledge sharing concerning 
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`best' (or most `appropriate') supply chain practice implementation. Thus their 

knowledge-based maturity scale is essentially a measure of level of collaborative two- 

way communication to ensure "shared vision and objectives among customers and 

suppliers about interdependency and principles of collaboration". Similarly, knowledge- 

based maturity therefore indicates the level of mutual effort regarding "the adoption of 
integrative supply chain management operating practices" between supply chain 

partners. 

Bowersox et al. (2000) stop short of elaborating a full schedule of potentially relevant 

multi-firm collaborative supply chain practices. Nevertheless, they do give examples 

such as "collaborative planning", " forecasting and replenishment", " Internet 

connectivity", and "other state-of-the art practices... built upon an extremely well-knit 

set of basic supply chain management principles designed to succeed today. " 

Therefore one possible useful operationalisation of the knowledge-based supply chain 

maturity construct could comprise levels of collaborative communication and knowledge 

sharing regarding implementation of appropriate supply chain practices- such as those of 

the Supply Chain Council SCOR model outlined above. 

In essence, the underlying proposition of Bowersox et al. (2000) is that companies and 

sectors can improve their supply chain performance by increasing levels of supply chain 

maturity. In turn this implies increased levels of collaborative' information and 

knowledge sharing across a range of recognised and appropriate supply chain integration 

and collaboration practices. Hence high levels of maturity reflect fundamental shifts 

already "exhibited by leading firms as they transform their supply chain capabilities". 
Conversely, low maturity levels are likely to be observed in `laggard' companies or 

sectors. 

There are many reasons as to why some organisations or sectors will be more mature 

than others in certain supply chain practices. The example of employee training indicates 

how problems may be incurred in trying to implement supply chain practices. Any given 

company may be "having problems finding the time and the appropriate methods to 

effectively train employees. Training time is difficult to find due to the manpower 

reductions that have been forced on firms. It is difficult to find the appropriate training 

approaches as they must integrate across a number of functional areas and incorporate 
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multiple technologies. " (Bowersox et al., 2000). Therefore, those organisations that 

operate in fortunate contexts, or that manage to overcome the difficulties, can achieve 
higher levels of collaboration and knowledge-sharing with supply chain partners and 
develop appropriate practices faster, thus attaining higher levels of supply chain maturity 

sooner. 

Whilst related aspects of knowledge transfer, competence and knowledge-based maturity 

emerge from the literature as being important areas of research, it appears that there is 

limited existing work on these related themes. A review as to whether these issues 

correspond to acknowledged gaps in the supply chain literature is carried-out in the 

following section. 

2.1.9 The Need for Further Supply Chain Research 

2.1.9.1 Conceptual Gaps in Supply Chain Research 

The need for further research involving knowledge-based dimensions is made clearer by 

the comprehensive critical literature review of Croom et al. (2000). Their work has 

already been introduced in Section 2.1.2, but is further analysed here with respect to 

identifying specific conceptual literature gaps. 

Croom et al. (2000) set out to define a framework for classifying and critically analysing 

the large number of contributions on supply chain management. They explore the 

underlying phenomena and processes embodied within the contrasting yet 

complementary bodies of literature in order to develop a taxonomy for supply chain 

researchers. This taxonomy divides according to two criteria: 

1. The content-oriented criteria 

2. The methodology-oriented criteria 

As they state: "this is very helpful not only in developing a literature review with a 

critical perspective, but also in assessing gaps in current theorising, methods and 

empirical finding in the field. " 

The methodology related criteria- and the need for good quality empirical research in this 

area is discussed in greater detail in Chapter 4. 
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In addressing the content of the existing supply chain literature, Croom et at. (2000) 

adopt a two-dimensional approach: firstly considering "level of analysis", and secondly 

considering the "element of exchange". 

In the existing literature they found essentially three levels of analysis: 

a) Dyadic level: considering the single two party relationship between supplier 

and manufacturer or manufacturer and distributor/ retailer. 

b) Chain level: which encompasses a set of dyadic relationships, including a 

supplier, a supplier's supplier, a customer and a customer's customer 

c) Network level: concerning a network of upstream, downstream or total 

operations. 

Building upon the work of Hakansson (1982), Croom et al. (2000) consider networks 

composed of actors, resources and activities, and create a second dimension relating to 

the nature of exchange or transaction between actors and networks. They use this second 
dimension of element of exchange to classify literature according to `what' is exchanged 

in terms of material assets, financial assets, human resource assets, technological assets, 
information and knowledge. They are careful to point out that in terms of `what' is 

exchanged it is important to consider both the static (e. g. which actor owns an asset and 

where it is located), and the dynamic aspects (e. g. materials, information, financial, 

technology, and knowledge flows between actors. ) 

Particularly interestingly, Giannakis and Croom (2004) augmented the earlier extensive 

literature analysis of Croom et al. (2000), combining the level of analysis and element of 

exchange dimensions to create a two dimensional content analysis matrix that 

summarises the location of publications found and the keywords used in them. This is 

shown in Table 2.7 (which is modified from Table 2.2, clarifying the extent of 

`Knowledge'-related literature gaps. ) 
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Table 2.7 Apparent Conceptual Gaps in Supply Chain Literature Content 

Element of exchange considered 

Level of Analysis Assets Information Knowledge Relationships 

Dyadic Suppl. Transaction cost Information Collaborative design Outsourcing/ 
Manuf. (specificity of assets) technology support subcontracting 

Transportation routes Tools for analysis of Guest engineer Trust/ power/ 
rationalisation information flow commitment 
Exchange of Interplant planning HR Development Supplier development 
technology and logistical 

integration (EDJ) 
Redesign HR Transaction cost 
organisational approach 
incentives 

Manuf. Distribution channel Information Product teams Logistic partnership 
Distr. redesign technology support (with logistic service 

providers) 
Facilities location Interplant planning Trust/ power/ 
(warehouses, etc. ) and logistical commitment 

integration (EDI) GAP? 

Transportation routes Communication Outsourcing/ 
rationalisation processes subcontracting 

Chain Suppi. Quick response, ECR, Industrial dynamic Supply chain Scenarios good for 

Manuf. - 
etc. approach councils supply chain 

Distr. management 

Industrial dynamic Information Opportunism/ traut/ 
approach Technology support power/ commitment 
Reverse supply chain Structured systems Positioning in the 
management analysis and design supply chain 

method GAP? 
Total cost of Modelling the Influence of product 
ownership information flow technology on supply 

chain relationships 
Value system analysis Communication 

processes 
Network Upstream Supply network Information Suppliers meetings Partnership sourcing 

sourcing technology support 

Transportation routes Supply Network Lean supply 
rationalisation communication 

processes 
Supply network Interplant planning Network sourcing 
structure and logistical 

integration (EDI) 

Redesign HR Supply base 
organisational integration 
incentives 

Down Transportation routes Information Trust/ power/ 
stream rationalisation technology support commitment 

Distribution channel Supply network Logistic partnership 
redesign communication (with logistic service 

processes GAP? providers) 
Facilities location Interplant planning Opportunism/ bust/ 
(warehouses, etc. ) and logistical power/ commitment 

integration (EDI) 
Design for supply Outsourcing/ 
chain management subcontracting 

Whole Business Network Information Value stream analysis 
redesign approach technology support 
Value system analysis Business network Supply network 

redesign approach partnership 
Design for supply Supply network Trust/ power/ 
chain management communication commitment/ 

processes opportunism 
Industrial dynamic 
apnroach 
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Brief analysis of the content matrix indicates that there is considerable existing supply 

chain management literature that deals with the first element of exchange- assets at all 
levels of analysis. Croom et al. (2000) state that: 

"The literature is very rich [in considering asset inventory and transportation 
management] in part because these are the seminal subjects of logistics, but 
probably also because cost and delivery time pressures require that attention has 
to be paid to managing stocks and transportation modes. These subjects 
summarise both the static dimension of supply chain management (where to 
position inventories along the supply chain, in which physical form, how much 
stock at each point, how many tiers or warehouses to use, to eliminate local 
inventory stocking points and to centralise inventories, to relocate consolidation/ 
de-consolidation points, to ad regional warehouses or to use warehouses for 
specific customers, etc. ) as well as the dynamic ones (which form of shipment to 
use, whether to consolidate transportation routes and logistics service providers, 
to use faster modes of transportation like air freight, express delivery, etc. ) 

Similarly, a large amount of literature exists concerning the second element of exchange; 
information "both in the form of information flows that permit quick inter-organisation 

payments between supply chains members, and in the form of information accumulated, 

coded, and stored in firm database structures. " Many contributions to the literature have 

concentrated upon information technology that has provided new opportunities through 

electronic commerce. These issues are also dealt with at all levels of analysis. In 

particular, it can be seen from the supply chain literature content matrix that the 

interplant planning and logistical integration issues, already considered in Section 2.1.5, 

are prevalent at virtually all levels of analysis. 

Regarding the fourth element of exchange- relationships between actors it is clear from 

Table 2.7 that substantial important research has been conducted at all levels of analysis. 

"Relationships have been considered by the literature both at the level of the 
market (macro) and at the level of the single organisations (micro). From a macro 
point of view the arguments for supply chain management begin with the firm 
theory of Coase (1937) and the transactional economics work of Williamson 
(1975)... inter-organisational relationships of writers such as Van de Ven et at 
(1975), which led theorists to identify the concepts of "networks" as opposed to 
supply chains (Lamming 1996). In this perspective supply chain management is 
viewed as an alternative to different types of relationships such as integrated 
hierarchy and pure market" (Croom et al., 2000). 

From the `micro' perspective: "an increasing number of organisations are finding it 

profitable to adopt strategies that require the development of closer ' partnership' 
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relationships with their major suppliers. This is leading to an attitudinal shift in 

behaviour towards suppliers that Lamming (1993) defined as lean supply. " 

Nevertheless, while the other elements (assets, information and relationships) are 
"relatively well understood and widely considered by the literature, the third element, 
knowledge necessary for supply chain management is not so clearly or consistently 

presented. " From the supply chain literature content matrix, it can be clearly seen that in 

their wide literature search, Croom et al. (2000) found very little literature relating to the 

important topic of "knowledge exchange in supply chain integration". This is particularly 

apparent beyond the dyadic level of analysis, where the literature apparently becomes 

very sparse. This is indicated in Table 2.7 by the sections outlined "GAP? " 

Thus there do appear to be significant gaps in the literature, particularly in terms of 

considering the knowledge element of exchange beyond the simple dyadic level of 

analysis. This presents exciting opportunities for doctoral research especially in the light 

of the previously reviewed literature and particularly that of the mega-trend `thought' 

work of Bowersox et al. (2000). 

For further explanation of what distinguishes the knowledge element of exchange from 

simple data and information- see Section 2.2.2. 

Croom et al. (2000) go on to raise the related issue of competence, stating that "another 

important subject of research about knowledge for supply chain management is the 

analysis of ... individual competence, organisational competence and network 

competence. " 

They point out that while a very rich literature does exist on the links between 

organisational competence and corporate strategy, they found only one piece of work that 

highlights the links between organisational competence and individual competence 
(Knight, 1998), and none relating to the individual and organisational competence 

required for good supply chain management. 

"The links between the competence of individuals and organisation performance 
and between the competence of organisations and network performance is an area 
of importance (Cox, 1997), but one that is not particularly well understood. " 
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Thus almost precisely those areas identified in the previously reviewed literature as being 

important for the continued evolution of supply chain management correspond to 

apparent significant gaps in the existing literature- as identified by recent comprehensive 

critical literature reviews (Croom et al., 2000; Giannakis & Croom, 2004). This clearly 

presents important opportunities for doctoral research and beyond. 

2.1.9.2 The Need for New Cross-Functional Conceptual Perspectives 

Further to the apparent ̀ knowledge' conceptual gaps in the supply chain literature, there 

have been calls from distinguished researchers in the field to bring new perspectives into 

the field. For example Stock (1997) suggests that. researchers in the supply chain field 

may benefit from borrowing theories and insights from other disciplines such as 

economics, strategic management and marketing. Amundson (1998) recommends that 

operations management researchers should consider theories from other disciplines so as 

not to "reinvent the wheel" and to view phenomenon or issues through a different 

cognitive "lens". 

Croom et at. (2000) also recognise the importance of multi-disciplinarity in the 

development of our understanding of supply chain management. They note that the 

importance of transactional cost economics and inter-organisational theory has been 

recognised by a number of researchers (Lamming, 1993; Harland, 1996; Croom, 1996). 

Croom et at. (2000) go on to encourage supply chain researchers to bring new insights 

from "some of the hybrid fields such as marketing or strategic management, then it is 

apparent that the subject is being explored from a multiplicity of perspectives. " They 

conclude that: 

"Of significance, we feel is the need for researchers to be aware of 
complementary studies outside their own `normal' domain of expertise. " 

As Dietrich (1994) pointed out, future developments in theory concerned with business 

to business phenomena may require a more cosmopolitan approach, incorporating a 

combination of contrasting social and technical disciplines. 

Returning to the Bowersox et al. (2000) question regarding the continued evolution of 

supply chains, the most apparent conceptual development gaps in supply chain 

management literature appear in terms of the "knowledge-learning" dimensions. Thus 
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new perspectives throwing light into specifically these areas could prove to be 

particularly useful. In fact, Amundson (1998) specifically argues that: 

"A relatively new theoretical perspective from the field of management that 
possesses substantial potential for integration with OM is Organisational 
Learning. " 

In light of this and the previously reviewed literature I propose that fresh perspectives 

could be obtained through consideration of appropriate concepts and frameworks from 

the Organisational Learning- and in particular the Knowledge Management streams of 

strategic management literature. Under the `umbrella' field of Organisational Learning, 

Knowledge Management has emerged as a relatively young research stream more or less 

in parallel with that of supply chain management. One of the basic premises of the 

Knowledge Management stream is that organisational evolution, learning and knowledge 

are inextricably linked (March, 1991). Concepts and frameworks from this emerging 

field of research are addressed in Section 2.2. Also Section 2.3 reviews the limited 

research that has investigated knowledge management/ organisational learning issues 

within supply chains. 

2.1.9.3 Contextual Gaps in Supply Chain Research 

As can be seen from the above review, in the last 15 years there has been an intense 

interest in academia and among business circles about supply chain management. Over 

the course of this period the concept has been investigated by many researchers 

(Houlihan, 1988; Womack et al., 1990; Ellram, 1991; Christopher, 1992; Lamming, 

1993; Hines, 1995; Harland, 1996) establishing its theoretical and operational bases as 

we know them today. As the previous sections of literature review indicate, it has been 

widely and constantly claimed that supply chain management as a concept could be a 

major source of competitive advantage. The mechanisms of supply chain and the 

competitive advantages it bestows, have largely been explored against the "competing 

through manufacturing" concepts and frameworks set out in the manufacturing stream of 

literature (Hayes & Wheelwright, 1984; Skinner, 1974; Clark, 1996; Hayes & Pisano, 

1996; ). 

For example, the major benefits that are widely considered to come from effective supply 

chain management tie-in precisely with those manufacturing competitive trade-off 

priorities of Hayes and Wheelwright (1984). The experience of companies such as Dell 
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has been taken as evidence supporting Ferdows and De Meyer (1990) that trade-offs are 

not inevitable and that each of the Hayes and Wheelwright (1984) competitive 

dimensions can in fact be achieved with application of supply chain principles: 

" Low cost 

" High flexibility 

" High dependability 

" High quality 

Nevertheless, this close link of the supply chain literature with the manufacturing 

literature has received criticism. Giannakis (2001) contends that the vast majority of 

academic and practitioner supply chain work is based upon the notion that companies 

have much the same type of structure and utilise the same resources and operational 

processes as one might expect in manufacturing firms- and especially large automotive 

companies (Slack &Bates, 1997). 

"It is true that these [manufacturing] companies provide a rich field for research 
and development of theories in business management, however.., the success of 
these models in contexts such as the supply and delivery of services has not been 
tested thoroughly. " (Giannakis, 2001) 

Harland et at. (1999) also agree that supply chain literature related to services is rare 

compared to that on manufacturing: 

"The intangible nature of services and the [assumed] lower significance of materials 
and their management within services than in manufacturing are likely causes of this 
lack of attention to the supply side issues. " 

With the following table, Giannakis (2001) illustrates that the following contextual 

research gaps exist in the field of supply chain management: 

1. Research relating to the exchange of services in service sectors, 

2. Research relating to the exchange of services in manufacturing sectors, 

3. Research relating to the exchange of goods in the service sector. 
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Table 2.8 Contextual Research Gaps in the Supply Chain Literature 

Exchange Offerin 
Sector 5y 'Goods'M ̀, ;' `` Services 

Manufacturing Conventional G. -1 P? 
Services GAP? GAP? 

These apparent contextual gaps shown in Table 2.8 are despite considerable efforts going 

into investigating the benefits of `carrying-over' managerial concepts and practises from 

manufacturing to services. As Levitt (1976) stated: 

"The managerial rationality embodied in the practical imagination we see 
exercised so effectively everywhere in manufacturing can, given the effort, be 

applied with similarly munificent results in the service industries. " 

Bowen and Youngdahl (1998) argue against the tendency in the late 1980's and 1990's 

of the management literature disagreeing with the transfer of hitherto largely 

manufacturing concepts to services. They make the case that manufacturing logic can 

and should transfer to service operations. 

Recent research within the service operations stream (Voss, 2003) has sought to apply 

concepts originally conceived and developed within manufacturing contexts- such as the 

`sand cone model' of manufacturing capabilities (Ferdows & De Meyer, 1990) and 

manufacturing strategy `order qualifiers' and `order winners' (Hill, 1993). In developing 

their classification of service processes, Silvestro et al. (1992) draw heavily from the 

manufacturing and production literature. Thus the transfer of supply chain concepts from 

traditional manufacturing contexts to evolving service contexts could also be an area of 

potential interest to both practitioners and researchers. 

This debate is given more weight considering the fact that service industries have 

replaced industrial markets in the role of economic growth as service activities represent 

two thirds of the national products in developed countries and at least 50% of the final 

value of a manufactured product is made up by services. In the European Union over 

60% of the workforce and over 76% of the workforce in the USA is engaged in services. 

Furthermore, the increasing phenomenon of `servitisation' of manufacturing companies 

(i. e. those which include services in their offerings as well) would suggest that research 

in services could be of substantial importance (Giannakis, 2001). 
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Certainly the list of companies on the Supply Chain Council website (www. supply. 

chain. org) that have worked to implement the SCOR model includes many companies 
from service sectors. Thus service companies are clearly interested in supply chain issues 

and therefore expanding the literature to cover these evolving service contexts is both 

relevant and necessary. 

A further review of the literature considering the opportunities for transferring relevant 

supply chain concepts and practices between manufacturing and service operations is 

carried-out in Section 2.4. 

2.2 CONCEPTUAL PERSPECTIVES FROM KNOWLEDGE 
MANAGEMENT LITERATURE 

The previous sections of this chapter have broadly reviewed the supply chain 

management literature and identified specific conceptual and contextual gaps. This 

section moves on to consider alternative literature streams, identified for their possible 

insightful conceptual perspectives regarding the continued evolution of supply chain 

theory and practice. In particular it is felt that fresh perspectives could be obtained by 

exploring appropriate concepts and frameworks from the knowledge management stream 

of literature (and other closely associate bodies of literature, such as organisational 

learning. ) Knowledge management has emerged as a relatively young cross-functional 

research field more or less in parallel with that of supply chain management. As 

indicated by the previous review sections knowledge management and supply chain 

management streams apparently have elements in common but research linking the two 

fields has been somewhat scarce. 

The intention of the literature review in this section is not to give a comprehensive 

account of knowledge management and related literature streams- but rather to identify 

potentially useful insights, concepts and frameworks with which to address the identified 

knowledge dimension gaps in the supply chain literature and in general terms the 

Bowersox et al. (2000) question: 

"Where are we now in the evolution of supply chains and what has to occur to 
advance along the continuum? " 
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One of the basic premises of the knowledge management field is that organisational 

evolution, learning and knowledge are inextricably linked (March, 1991). Section 2.2.1 

of the knowledge management review therefore outlines the importance of knowledge 

and learning to organisational (and supply chain) evolution. 

Section 2.2.2 goes on to overview the scope of knowledge management research- firstly 

addressing important overall issues regarding what constitutes organisational knowledge. 

Then this sub-section hones in upon knowledge management concepts that could prove 

relevant and insightful in addressing the specific supply chain evolution issues identified 

earlier; namely- knowledge creation, knowledge adoption, knowledge transfer and 

knowledge evolution. 

2.2.1 The Importance of Knowledge and Learning to Organisational Evolution 

Only relatively recently have supply chain researchers (Bowersox et al., 2000; Croom et 

al., 2000) identified the importance of knowledge and learning to the continued evolution 

and development of supply chain theory and practice. Nevertheless, researchers in other 

knowledge management related literature streams, such as economics, strategic 

management and organisational learning have recognised the importance of learning and 

knowledge issues in the evolution of organisations for decades. The previous literature 

review demonstrates that the supply chain can be viewed as form of extended 

organisation- and thus knowledge and learning are likely to be just as important to supply 

chain evolution. 

Evolutionary economics constitutes a significant business research field in its own right, 

contributing considerably to organisational theories and to the knowledge management 

stream. Seminal academic works in the field recognise the importance of knowledge and 

learning to organisational evolution. For example, at the heart of the organisational 

evolutionary theory proposed by Nelson and Winter (1982) is that any organisation's 

survival, prosperity and development is dependent to some degree upon its production set 

(i. e. the things it knows how to do) and organisational capabilities (i. e. the things it can 

do) at any given time. The production set and organisational capabilities are, in turn, 

clearly determined by that organisation's "state of knowledge". Several of the economic 

concepts supporting the centrality of knowledge and learning to organisational evolution 
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are consonant with the traditions of economic theorising going back to the likes of Adam 
Smith in "The Wealth of Nations" (Smith, 1776). 

Nelson and Winter (1982) argue that the evolution of an organisation is thus linked to its 

"indefinite boundary of knowledge"- whereby "firms can augment their own knowledge 

by reaching out into the environment- into their industry or society. " They raise several 

questions that go beyond orthodox economic theory... such as: Where does knowledge 

reside in an organisation? What is the nature of this knowledge? What dictates the state 

of individual and organisational knowledge? How does the knowledge possessed by one 

organisation relate to that possessed by others? 

Nelson and Winter (1982) go on to identify the importance of individual and 

organisational skills, abilities and competences to the evolution of organisations. In fact 

they refer to individual behaviours, such as learning, as a metaphor for organisational 
behaviours, stating the idea that "individuals are complex organisations too". Nelson and 
Winter (1982) suggest that an organisation may learn and develop competences in a 

similar manner to an individual becoming skilled in serving a tennis ball, becoming 

competent in carpentry, becoming an able computer operator etc. Thus, in the same vain, 

supply chains can be considered extended organisations with similar knowledge and 
behavioural learning mechanisms. 

Regarding skill development, Nelson and Winter (1982) refers to the organisational 

learning distinction between explicit and tacit knowledge (Polyani, 1966)- further 

cementing the inextricable links between the themes of organisational evolution, 

organisational learning and knowledge management literatures. 

Similarly, in another evolutionary approach investigating the fundamental question as to 

why organisations exist Postrel and Rumelt (1992) identify the "mechanism of learning" 

as being a key to developing "good habits" within organisations. Winter (1984) extends 
Schumpeterian evolutionary models and investigates issues such as sources of new 
knowledge in the organisation's external environment. March (1994) states that: 

"theories of evolution have become well-recognised frames for organisational 
analysis... including theories of experiential learning... theories of the 
development of knowledge. " 
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Clearly therefore, as seminal organisational evolution literature identifies learning and 
knowledge as key conceptual evolutionary issues, the next sub-section moves on to 

review knowledge management and related literatures for potentially insightful 

perspectives to address the supply chain evolution question raised by Bowersox et al. 
(2000). 

2.2.2 An Overview of Relevant Knowledge Management Research 

Knowledge Management is a rapidly expanding body of literature seeking to apply a 

knowledge-based perspective to business issues, and focusing upon knowledge as a key 

competitive asset. It is not yet a coherent field of research in itself, but has its roots 
largely in the social sciences and psychology- drawing from various different areas of 
literature primarily organisational learning. (In fact, Argote (1999) describes 

organisational learning as an "umbrella" for knowledge management. ) This emerging 

field can broadly be divided into two thematic research areas: 

1. That literature that deals with the question `What is knowledge? '- 

investigating the dimensions of knowledge and learning. This sub-field 

addresses the knowledge content related issues such as information, expertise, 

skill, competence, as well as knowledge and learning process issues such as 
knowledge creation, acquisition and transfer (Huber, 1991). 

2. A growing body of literature that seeks to apply the `knowledge lens' in 

researching the effect of knowledge upon performance within the context of 

organisations. As such this sub-field of the knowledge literature is more 

applied than the first, and much of it lies within the broader strategic 

management related literatures. 

The field of knowledge management is relatively young, yet there are many developing 

lines of research dealing with major knowledge-based issues in organisations in both of 

the above thematic research areas. Much of this work is developing in parallel, from 

different functional areas'and with no apparent unifying framework. Thus the task of 

classifying the literature into robust, coherent content-oriented groups is complex and 

beyond the scope of this literature review. Furthermore, such a comprehensive review 

would detract from the primary aim of identifying potentially useful concepts with which 

to apply the `knowledge lens' to the gaps and issues identified in the earlier supply chain 
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literature review. The following sub-sections therefore provide an orientative overview 
of several areas of the developing knowledge management literature. Some of the main 

emerging concepts are summarised within a preliminary speculative content 

classification aligned to the purposes of this doctoral investigation. In no way is this 

section intended to constitute a complete synthesis of the existing knowledge 

management literature. 

In such a rapidly developing literature stream, some of the following citations could be 

wrongly perceived as being `out-of-date'. In fact, works by the likes of Polyani (1966), 

Argyris and Schon (1978), Levitt and March (1988), Cohen and Levinthal (1990), March 

(1991), Epple et al. (1991), Kogut and Zander (1992), and Levinthal and March (1993) 

are seen as `classics' by a considerable body of recent multi-functional knowledge 

management literature. This pays testament to the robustness of the concepts and 
frameworks developed by such earlier works. Recent important academic research that is 

based upon theories conceived by the above academics include: Boone and Ganeshan 

(2001); Lovelace et al. (2001); Tsai (2001); Schulz (2001); Skilton and Dooley (2002); 

Knight (2002); Bessant et at. (2003); Edmondson et at. (2003); Hult (2003); Sorenson 

(2003); Carlile and Rebentisch (2003) and Argote et at. (2003). The earlier knowledge 

management and organisational learning works are therefore still potentially relevant and 

valid for application in this doctoral research. 

Subsequent chapters adopt appropriate perspectives from the following research areas in 

order to apply the `knowledge lens' to appropriate supply chain settings (following 

guidelines proposed by Amundson (1998). See Chapter 3- The Research Framework). 

Organisational Knowledge 

The seminal work of Kogut and Zander (1992) considers knowledge in an organisational 

context: 

"Knowledge is held by individuals but is also expressed in regularities by which 
members cooperate in a social community (i. e. group, organisation, network) If 
knowledge is only held at the individual level, then firms could change simply by 
employee turnover. Because we know that hiring new workers is not equivalent 
to changing the skills of a firm, an analysis of what firms can do must understand 
that knowledge is embedded in the organising principles by which people 
cooperate within organisations. " 
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Regarding the question ̀ what is knowledge? ' they identify two knowledge categories: 

1. Information (declarative) - "Knowledge which can be transmitted without 
loss of integrity once the syntactical rules required for deciphering it are 
known. Information includes facts, axiomatic propositions, and symbols. " 
This form of knowledge implies "knowing what something means. " 

2. Know-how (procedural) - "is the accumulated practical skill or expertise 
that allows one to do something smoothly and efficiently... know-how 
must be learned and acquired. " This form of knowledge implies "knowing 
how to do something. " 

To further explain these forms of knowledge, Kogut and Zander (1992) use the example 

of inventory- thus linking their relevance to a supply chain context. Information (or 

declarative) knowledge provides a state description- such as the inventory level is 100. 

Know-how (or procedural) knowledge relates to a process- such as the method by which 
inventory is minimised. They reason that: 

"Know-how, like procedural knowledge, is a description of what defines current 
practice inside a firm. " 

This `know-how' component is what clearly distinguishes the knowledge element of 

exchange from the simple data and information levels that have been explored within the 

supply chain integration literature to date (see Sections 2.1.5 and 2.1.9.1. ) Zack (1999) 

further clarifies the distinction: 

"Knowledge is commonly distinguished from data and information. Data 
represent observations or facts that are, therefore, not directly meaningful. 
Information results from placing data within some meaningful context, often in 
the form of a message. Knowledge is that which we come to believe and value on 
the basis of the meaningfully organised accumulation of information (messages) 
through experience, communication or inference (MacKay, 1969; Churchman, 
1971; Bruner, 1973; Bobrow & Collins, 1975; Matchlup, 1980; Dretske, 1981). 
Knowledge can be viewed as a thing to be stored and manipulated and as a 
process of simultaneously knowing and acting- that is applying expertise 
(Dretske, 1981; Kogut and Zander, 1992). As a practical matter, organisations 
need to manage knowledge both as object and process. " 

Thus "organisations `know' something", and this knowledge has "persisting effects" 

upon the relative performance and competitive opportunities available. One of the keys is 

the concept of `cumulative knowledge' which can be built-up over time (leading to issues 

of `knowledge improvement' and `knowledge evolution' as addressed below) through 

the synthesis of current and acquired knowledge. Underlying this creation and build-up 
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of knowledge are processes related to internal and external learning (also see ̀ knowledge 

creation' below). This knowledge improvement and evolution can lead to new business 

opportunities. Kogut and Zander (1992) illustrate this growth of firm knowledge by the 

"roadmap" represented in Figure 2.8. 

Figure 2.8 Growth of Knowledge of the Firm 
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Further consideration of the `what is knowledge? ' question leads to another clear 

distinction in the literature between tacit versus explicit (codifiable) knowledge (Polyani, 

1966; Brown & Duguid, 1991; Nonaka, 1994; Romer, 1995). The underlying feature 

behind tacit knowledge is that individuals and organisations appear to know more than 

they can explain. This problem of explanation leads to difficulties when it comes to 

codifying and transmitting the knowledge. Codifiability refers to the structuring of 

knowledge into a set of identifiable rules and relationships that can be easily 

communicated. Tacit forms of knowledge- that usually relate to the more complex 

`know-how' are often particularly unamenable to codification. For example, "drafting a 

recipe for the manufacturing of a musical instrument is unlikely to capture the requisite 

skills of a craftsperson" (Kogut and Zander, 1992). Usually (but not always) the 

information-declarative knowledge lends itself more to explicit codification. Zack (1999) 

explains the difference: 

"Tacit knowledge is subconsciously understood and applied, difficult to 
articulate, developed from direct experience and action, and usually shared 
through highly interactive conversations, storytelling, and shared experience. In 
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contrast, explicit knowledge is more precisely and formally articulated, although 
removed from the original context of creation or use (e. g. an abstract 
mathematical formula derived from physical experiments or a training manual 
describing how to close a sale. )" 

Szulanski (1996) relates the above organisational knowledge issues to the development 

of distinct competences and the dissemination of best practices (i. e. organisational 

capabilities). He states that: 

"Practice refers to the organisation's routine use of knowledge and often has a 
tacit component, embedded partly in individual skills and partly in collaborative 
social arrangements. " 

Four stages are identified by Szulanski (1996) in the intra-firm transfer of practices: 

initiation, implementation, ramp-up and integration. Clearly, some firms find the intra- 

firm knowledge transfers needed to spread best practices harder than others- and the 

impediments such firms face are captured by the concept of "internal stickiness". 

Knowledge Creation 

This body of literature deals with how knowledge is formed in organisations, and brings 

together research from areas of learning behaviour, innovation and teamwork. For 

example, Edmondson (1999) investigates learning behaviour in work teams within 

manufacturing companies. She discusses the fact that the organisational learning 

literature views learning in two ways: as an outcome or as a process. She cites Dewey 

(1938) and Argyris and Schon (1978) in prescribing to the conceptualisation of learning 

as a process and using the term learning behaviour to avoid confusion with learning 

outcomes such as greater understanding. Edmondson (1999) states that: 

"Examples of learning behaviour include seeking feedback, sharing information, 
asking for help, talking about errors, and experimenting. It is through these 
activities that teams [and organisations] can detect changes in the environment, 
learn about customers' requirements, improve members' collective understanding 
of a situation, or discover unexpected consequences of their previous actions. " 

In other words, Edmondson (1999) prescribes to the view that knowledge creation (or 

acquisition), increased knowledge, skills and competencies are outcomes of the learning 

process. Huber (1991) reviews the organisational learning literature and identifies five 

main learning processes through which knowledge is acquired by organisations. The first 

three of these learning processes are particularly relevant to the supply chain context: 
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1. Congenital learning: "Organisations do not begin their lives with clean slates... 
An organisation's congenital knowledge is a combination of the knowledge 

inherited at its conception and the additional knowledge acquired prior to its 

birth. " In other words, congenital learning leads to an organisation's "starting 

knowledge". 

2. Experiential learning: "After their birth, organisations acquire some of their 

knowledge through direct experience". Such "learning by doing" leads to the 

development of higher levels of individual and organisational competence (Levitt 

& March, 1988). Also related to experiential learning are issues of appraisal and 
feedback and "single-loop" and "double-loop" learning (Argyris & Schon, 1978). 

Another important area of research into experiential learning is related to learning 

curves- see below in Knowledge Evolution. 

3. Vicarious learning: "Acquiring second-hand experience... borrowing from 

other organisations is one form of organisational learning. " The process of 

vicarious learning often underlies issues such as the diffusion of technologies and 

practices. This learning process is very relevant to collaborative knowledge 

sharing between supply chain partners- though vicarious learning by imitation is 

perhaps less so. 

Another potentially useful example of the knowledge creation and acquisition literature 

is McGrath (2001), which investigates exploratory learning and innovative capacity. 

Similarly, she characterises one perspective of learning as "a process that is amenable to 

ex ante planning and control". McGrath (2001) argues that exploratory learning 

behaviour results in the creation of new organisational knowledge that should counteract 

the presence of "core rigidities" (Leonard-Barton, 1992)- "routines that actually inhibit 

an organisation from innovating. " 

Also of potential interest to the evolution of supply chains is the work of Nohria and 
Gulati (1996) who investigate the role of organisational "slack" in the creation of 
innovative knowledge. Their central research focus is: "if slack is a form of inefficiency 

but also essential for innovation, organisations run the risk of eliminating slack to a point 

that undermines their capacity to [create knowledge]. " Nohria and Gulati (1996) find 

strong support for an inverse U-shaped relationship between slack and innovation that 
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reconciles perspectives that argue for and against slack. Two related mechanisms are 

therefore proposed: "slack fosters greater experimentation but also diminishing discipline 

over innovative projects. " (Clearly this concept of slack has implications for lean supply 

chain issues relating to elimination of waste or `muda' (Lamming, 1993). ) 

Knowledge Adoption 

This area of literature specifically focuses upon how organisations adopt knowledge that 

is developed outside their own realms. In this area the work of Cohen and Levinthal 

(1990) is widely cited. They argue that the "ability of a firm to recognise the value of 

new, external information, assimilate it, and apply it to commercial ends is critical to its 

innovative capabilities. " They label this capability a firm's "absorptive capacity" and 

suggest that it is largely a function of the firm's prior related knowledge. Cohen and 

Levinthal (1990) use a technique often employed in the knowledge management 

literature of first focusing on the cognitive basis for an individual, and then characterise 

the factors of influence at an organisational level. They state that "outside sources of 

knowledge are often critical" regardless of the organisational level at which it is defined. 

Citing March and Simon (1958), they state that: "at the organisational level, most 

innovations result from borrowing rather than innovation. " One of the keys to absorptive 

capacity is that learning is cumulative, thus enabling the building-up of a "rich 

knowledge structure" and high levels of individual and organisational competence: 

"To integrate certain classes of complex and sophisticated technological 
knowledge successfully into a firm's activities, the firm requires an existing 
internal staff... who are both competent in their fields and are familiar with the 
firm's idiosyncratic needs, organisational procedures, routines, complementary 
capabilities... As a consequence, such critical complementary knowledge is 
acquired only through experience within the firm. " 

Conversely, a failure to develop sufficient absorptive capacity to learn from the external 

environment, and thus failing to proactively reinforce the competence knowledge 

structure can result in what Schumpeter (1942) terms "the process of creative 

destruction" or what Tushman and Anderson (1986) refer to as "competence destroying 

technical change. " 

Almeida (1996) tracks knowledge adoption in terms of learning and sharing activities of 

multinationals. They found strong evidence for two-way knowledge exchange, whereby 
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foreign multinationals both benefit from local knowledge and contribute to it. Thus, in 

order to acquire an appropriate knowledge base, collaboration in some form is essential 

and "learning without contributing may not be possible". 

Another insightful area of work in terms of knowledge adoption, considers interfirm 

collaboration and the issue of "alliance dynamics". For example, Dussuage et al. (2000) 

combines an evolutionary perspective with the resource-based view and transaction cost 

economics to find empirical support for levels of knowledge adoption, learning and 

competence base development being higher between organisational partners which are 

part of a "link alliance"- i. e. an interfirm partnership to which partners contribute 

different capabilities or "asymmetric knowledge". Dussuage et al. (2000) explicitly cite a 

customer-supplier relationship as an example of a link alliance. Dussuage et al. (2000) 

note that organisational theorists " have long recognised that no one business can create 

all resources needed to prosper and grow. Instead, collaboration among businesses that 

possess complementary resources is often necessary for survival and growth, and 

provides a means of combining resources held by different firms in order to exploit new 

business opportunities. " 

Inter-firm Knowledge Transfer 

In light of the literature review in Section 2.1 and issues raised in the above knowledge 

creation and adoption overview, the area of inter-firm knowledge transfer is liable to 

offer considerable new insights and concepts with which to address gaps in the supply 

chain literature. The inter-firm knowledge transfer literature, which is often closely 

linked to that of knowledge adoption, considers how knowledge is transferred between 

companies. This area of research is particularly suitable for application to the supply 

chain context. 

Ingram and Baum (1997) investigate the relative competitive benefits an organisation can 

accrue through learning from either its own experience or learning "vicariously" from the 

broader experience of other firms in the external environment. In other words, they 

explore the merits of "learning by doing" (as promoted by the learning curve literature- 

see "Knowledge improvement" below) versus "learning from others". Their study is 

based upon the risk of organisational failure of hotel chains, and finds that internally- 
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focussed organisational learning is beneficial up to a point, but beyond that it can be 

detrimental and further knowledge needs to be sought from outside the organisation: 

"Organisations initially benefit from their own experience, but are harmed in the 
long run... as organisations can become constrained by their own experience. " 

On the other hand, organisations benefit from learning "vicariously from the experience 

of others in their industry". Furthermore, Ingram and Baum (1997) indicate that not all 

vicarious knowledge is equal: some can be beneficial in terms of internal operations and 

some in terms of external competitiveness. 

Ahuja (2000) empirically study the impact of collaborative network structure and 

position upon organisational outcomes and the effectiveness of knowledge flows through 

such networks. He builds-upon the organisational literature by arguing that: 

"Interorganisational linkages and the resulting collaborative networks are key 
vehicles through which firms obtain access to external knowledge. " 

Ahuja (2000) considers the influence upon knowledge flow and performance of three 

dimensions of a firm's network structure: 1) direct ties, 2) indirect ties, and 3) the degree 

to which a firm's partners are linked to each other. In a supply chain context, these 

dimensions would relate to the extent of collaboration between for example: 1) a 

manufacturer and 1S` tier customers/ suppliers, 2) a manufacturer and 2nd tier customers/ 

suppliers and 3) any supply chain partners. Ahuja (2000) outline the relevance of these 

dimensions as follows: 

"A firm's direct ties potentially provide both resource-sharing ['know-how 
sharing'] and knowledge spill-over benefits. Indirect ties do not entail formal 
resource-sharing benefits but can provide access to knowledge spillovers. Finally, 
the degree of connectivity [or lack of `structural holes'] between a firm's partners 
influences both resource-sharing and access to novel information, albeit in 
contradictory ways. " 

Ahuja (2000) find empirical support for the knowledge flows associated with both direct 

and indirect ties having positive impact upon performance. But they find `structural 

holes' have a negative effect upon collaborative performance. This is analogous to the 

empirical evidence in favour of supply chain collaboration. 
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Mowery et al. (1996) empirically examine inter-firm collaborative knowledge transfers 

within strategic alliances. They reflect upon a `capabilities acquisition' view of firm 

strategy that focuses on the acquisition of new capabilities through organisational 
learning- but were surprised to find a substantial subset of firms more interested in 

"accessing rather than acquiring capabilities" from partner companies. Furthermore, 

Mowery et al. (1996) find that inter-firm knowledge transfers are more limited with 
`unilateral' contract based partnerships- whereby knowledge is more tightly `packaged', 

than in more collaborative `bilateral' arrangements such as technology sharing or joint 

development agreements. These findings have direct relevance to supply chain contexts. 

Knowledge Evolution 

Knowledge is not static once it has been created, acquired, transferred or adopted- it 

evolves through use. Of course, there are two ways that knowledge and/ or its benefits 

can evolve over time- it can improve or deteriorate. 

One of the clearest indications of the phenomenon of knowledge improvement is the 

organisational `learning curve' or `experience curve' whereby improvements in the way 

things are done (e. g. faster, less errors, improved quality) are the result of cumulative 
`learning by doing' and associated development of context specific, experience-based 

competences (Epple et al., 1991; Argote, 1999). Argote (1999) illustrates this with the 

example of aircraft production. From the first aircraft, the number of labour hours 

required to produce each subsequent aircraft reduces as experience is gained. Argote 

(1999) clarifies that the learning curve framework usually uses a cumulative output 

measure or time "as a proxy variable for the knowledge acquired through experience" or 
"competence". 

The `rate of learning' however diminishes over time until a minimum number of hours 

per aircraft is achieved- indicating possible diminishing returns in continuing knowledge 

investment. This learning curve pattern is found in many organisations, and is shown in 

Figure 2.9- though the rates of organisational learning can vary considerably between 

organisations. An extension of this reasoning behind diminishing rates of learning leads 

to the concepts of `knowledge depreciation' and `organisational forgetting'- whereby 
knowledge can actually be lost over the longer term and performance worsens Argote 

(1999). 
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Figure 2.9. The Learnin Curve 

Some literature in this area warns of greater dangers of over-optimising knowledge than 

simply diminishing returns. In "Challenger: Fine-tuning the odds until something breaks" 

(Starbuck & Milliken, 1988) examine the organisational learning issues within NASA 

that led to the catastrophic failure of the space shuttle `Challenger' in 1986. They state: 

"Past successes and acclimatization alter decision makers' beliefs about 
probabilities of future success. Fine-tuning processes result from engineers and 
managers pursuing partially inconsistent goals while trying to learn from their 
experiences. Fine-tuning reduces probabilities of success, and it continues until a 
serious failure occurs. " 

Thus there are limits to the benefits that can be obtained through learning and knowledge 

acquisition. March (1991) introduced the famous trade-off between `exploiting' existing 
knowledge, and `exploring' new knowledge. (March, 1991) states: 

"The essence of exploitation is the refinement and extension of existing 
competences, technologies and paradigms. Its returns are positive, proximate and 
predictable. The essence of exploration is experimentation with new alternatives. 
Its returns are uncertain, distant, and often negative... Such features of the 
context of adaptation lead to a tendency to substitute exploitation of known 
alternatives for the exploration of unknown ones, to increase the reliability of 
performance rather than its mean. This property of adaptive processes is 
potentially self-destructive. " 

In other words, due to uncertainty surrounding the organisational knowledge exploration 

process many companies are more inclined to opt for the apparent `sure thing' of 
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exploiting existing internal organisational knowledge to improve relative performance 

and competitive advantage. Given limited resources, mechanisms of `mutual learning' 

between organisation and individual, and `ecologies of competition', companies make 

explicit and implicit choices to invest in exploiting short-term known alternatives rather 

than exploring new ones in the race to gain relative competitive advantage. However: 

"By refining exploitation more rapidly than exploration, [organisations] are likely 
to become effective in the short term but self-destructive in the long term... 
certain common organisational practices ameliorate that tendency. " (March, 
1991) 

Additionally: 

"Organisations that engage in exploitation to the exclusion of exploration are 
likely to find themselves trapped in suboptimal stable equilibria. As a result, 
maintaining an appropriate balance between exploration and exploitation is a 
primary factor in system survival and prosperity. " 

Related to this need to carefully balance internal exploitation and external exploration is 

the research on `competitive inertia'. Miller and Chen (1994) argue that inertia is driven 

by "managers' incentives to act, their awareness of action alternatives, and the 

constraints on their capacity to act. " In essence, Miller and Chen (1994) find that good 

past performance contributes to competitive inertia. Miller and Chen's (1994) argument 

and empirical study very much parallels the learning curve and exploitation/ exploration 

arguments above- indicating that applying existing internal knowledge is likely to lead to 

organisational performance improvements in the short-term. Nevertheless, these 

performance improvements can lead to complacency and decreased incentives for 

continued knowledge evolution and organisational learning. Thus whilst Miller and Chen 

(1994) find limited evidence that competitive inertia is associated with short-term 

performance- they find that in the long-run it makes the firm more `rigid', and "retards 

adaptation in contexts that pose a wide variety of competitive threats. " Yet, they 

conclude that more `mature' organisations could avoid such problems as "inertia would 

be less influenced by short-term performance. " 

Also linked to the theme of "knowledge development is good up to a point... " is the 

important concept of `competence traps'. In "The Myopia of Learning" Levinthal and 

March (1993) recognise that although on the one hand applying existing knowledge may 
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make the organisation better, on the other hand it may also make it `myopic' to the long- 

run and larger picture: 

"Recent examinations of learning as an adaptive process have raised questions 
not only about the confusions of experience but also about the ways in which 
learning is self-limiting. The effectiveness of learning in the short-run and in the 
near neighbourhood of current experience interferes with learning in the long run 
and at a distance. Knowledge and the development of capabilities improve 
immediate performance, but they often simultaneously reduce incentives for and 
competence with new technologies or paradigms. Learning has its own traps. " 

Of particular interest, Levinthal and March (1993) address the issues of myopia that lead 

to `competence traps': 

"An organisation develops better skills in some parts of the organisation, in some 
markets, in some technologies, and in some strategies than in others. The 
mechanism is one of mutual positive feedback between experience and 
competence. Organisations engage in activities at which they are more competent 
with greater frequency... These distinctive competencies invite utilisation, which 
furthers their additional development. The self-reinforcing nature of learning 
makes it attractive... to sustain current focus. The result is that distinctive 
competence is accentuated, and organisations become specialised to niches in 
which their competencies yield immediate advantage. 

Learners become increasingly removed from other bases of experience and 
knowledge and more vulnerable to change in their environments... knowledge 
about and use of old competences inhibit efforts to change. " 

Despite such negative mechanisms, Levinthal and March (1993) still believe that 

organisational knowledge and learning are important and can be beneficial- as long as 

their management maintains "an appropriate balance between exploitation and 

exploration". They conclude: "imperfections of learning are not so great as to require 

abandoning attempts to improve the learning capabilities of organisations, but that those 

imperfections suggest a certain conservatism in expectations. " 

Clearly, in light of the preceding literature review, many of the above knowledge 

management concepts are pertinent to supply chain management- and in particular to the 

key concepts of integration and collaboration with external supply chain partners. The 

knowledge management stream has conducted research, often in considerable depth, in 

areas that remain to be addressed in the supply chain management literature. Therefore it 

would appear appropriate and valuable to apply the `knowledge lens' in supply chain 

contexts. 
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A limited number of academics have recently realised the benefits of applying 
knowledge management and organisational learning concepts and frameworks within the 

supply chain literature- and these are considered in the following sub-section. 

2.3 KNOWLEDGE MANAGEMENT IN THE SUPPLY CHAIN 
CONTEXT 

Further to the overviewed literature in Section 2.2 above, knowledge management and 

organisational learning academics have explored many aspects of inter-firm learning and 

knowledge development related to issues such as shared product development projects 

(Bozdogan et al., 1998 ), complex product system configuration (Miller et al., 1995 ) and 

technology fusion (Tidd, 1997 ). Yet explicit exploration of organisational learning and 

inter-firm knowledge management specifically between supply chain partners is 

apparently limited. Also, despite clear parallels, cross-fertilisation between supply chain 

and knowledge management literatures appears to be rare. 

As Giannakis and Croom (2004) identify (see Section 2.1.9.1 and Table 2.7 above), 

beyond the dyadic level some broader operations management literature has recognised 

the importance of knowledge and learning to the kyoryokukai - or supplier associations 

of Japanese manufacturers in the second half of the twentieth century (Cusumano, 1985; 

Hines, 1994; Dyer & Nobeoka, 2000). Such knowledge sharing and learning was 

reported as contributing to sustainable growth and development- particularly in 

engineering and automotive sectors (Hines et al., 1999). With regard to product 
development in Japanese manufacturers Imai (1987) observes: 

"... an almost fanatical devotion towards learning- both within organisational 
membership and with outside members of the inter-organisational network. " 

Similarly, as already noted in the review in Section 2.1, the lean manufacturing literature 

recognises the importance of knowledge sharing and learning as a key feature, linking it 

with innovation in supply relationships (Lamming, 1993). 

Nevertheless, apart from this work on supply chain councils and supplier meetings, 

Giannakis and Croom (2004) indicate a distinct lack of supply chain management 

academics who have specifically set-out to investigate knowledge-based issues beyond 

the dyadic level in supply chains. Those few that have ventured into these new `murky 
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waters' have produced valuable tasters and reconnaissance as to what lies beyond, but 

have incurred distinct research limitations. This early work on knowledge and learning in 

supply chains broadly falls into two groups: 

A. Exploratory studies without the conceptual depth required to grasp the 

fundamental underlying mechanisms or identify generalisable frameworks 

(e. g. Fynes and Ainamo, 1998); Hyland et al., 2003). 

B. Empirical studies focused upon specific supply chain functional areas 

within companies- such as Purchasing (e. g. Hult et al., 2000). 

With regard to addressing broader knowledge and learning issues within the supply chain 

management stream of literature Bessant et al. (2003) is one of the few academic works 

to pick-up on the literature gaps previously discussed in Section 2.1.9. They combine 
both knowledge management and supply chain perspectives to explore knowledge and 
learning beyond the boundaries of the individual firm. In their study of `supply chain 
learning' they state that: 

"As firms struggle to cope with an increasingly turbulent and uncertain economic 
environment there is a widespread recognition of the importance of organisational 
learning. One option is to look at the potential of shared learning between firms, 
where common interests and interdependence provide motivation for experience 
sharing and other forms of synergy in learning. A particular version of inter-firm 
learning is the use of supply chains as a mechanism for upgrading and 
transferring `appropriate practice'... " (Bessant et al., 2003). 

Bessant et al. (2003) go on to point out that manufacturing is no longer simply a business 

of transforming inputs into outputs through the use of standard equipment and techniques 

but that: 

"... sustainable growth depends on the ability to master the knowledge content in 
production and this can only be achieved by developing the capacity to learn 
along the whole spectrum of economic activities... This places considerable 
emphasis on the ability of the firm to learn and to continue to learn to keep pace 
with an environment filled with competitive threats and new technological 
opportunities. However, the challenge does not stop at the boundaries of the firm. 
It is becoming clear that firms operate within value streams involving many firms 
in supply chains within a supply network, and that the competitive performance 
of the value stream depends upon learning and the development of the whole 
systems, not just the leading players. " 

Thus, they reason that leveraging the supply chain represents an effective vehicle for 

inter-firm knowledge transfer and learning given that: 
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1. There is commonality of interest between supply chain partners, focussed on 
delivering value to a particular customer, 

2. As a consequence of increased global competition, there is growing motivation 
for supply chain partners to share knowledge and learn from each other, 

3. There are potential benefits to sharing knowledge and the learning experience, 
including risk reduction, transfer of ideas, shared experiment, etc. 

Nevertheless, a recent UK government report indicates that: 

"Learning is not a natural feature of business networks. It is unlikely to thrive 
unless it is part of the emergent new models for inter-company collaboration 
which stress trust, cooperation and mutual dependence" (DTI, 2000). 

The exploratory research of Bessant et al. (2003) thus reinforces the mega-trend work of 

Bowersox et al. (2000) and accentuates and fine-tunes the knowledge related supply 

chain literature gaps identified by Giannakis and Croom (2004). In concluding, Bessant 

et al. (2003) emphasise the importance that knowledge management and organisational 

learning will have upon building and sustaining future supply chain competitiveness. Yet 

they state that progress with these issues: 

"... is still at an early stage and being made with faltering steps. There is clearly a 
need for more research in the field... towards developing firm and sector-specific 
models. " 

Bessant et al. (2003) highlight the following themes requiring more detailed analysis and 

development: 

1. The importance of implementing supply chain knowledge management on a 

platform of `good practice' (or `appropriate practice'). 

2. The role of facilitation, and the skill sets and `enabling toolkit' which permit 

effective supply chain knowledge management. 

3. The process through which a shared learning agenda (and related 'curriculum', 

assessment frameworks, etc. ) can be developed. Early evidence suggests this 

needs to take place at a sector or supply chain level. 

These themes are investigated in Chapters 5,6 and 7 of this thesis. 
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2.4 CONTEXTUAL CONSIDERATIONS IN MANUFACTURING 
AND SERVICE OPERATIONS 

2.4.1 The Manufacturing and Service Operations Debate 

The relevant Standard Industry Classification (SIC) definitions indicate some major 

contrasting issues that are involved in `transferring' supply chain practices from 

manufacturing to services contexts: 

" Manufacturing (SIC Division D): Those organisations engaged in the mechanical 

or chemical transformation of materials or substances into new products, 

" Services (SIC Divisions E-I): Those organisations engaged in providing a wide 

variety of services for individuals, businesses and government establishments, 

and other organisations. 

In the light of these differences, over the last 30 years there has been considerable 

discussion as to whether it is justifiable to transfer concepts and practices from a 

manufacturing to a service context (Giannakis, 2001). Many authors have disputed the 

validity of applying manufacturing models to services. For example Davis (1983) 

concludes that : 

"Using industrial models to manage service based corporations makes as little 
sense as using farm models to run factories. " 

Several `peculiar' characteristics of services potentially complicate the transferral of 

concepts from manufacturing-conceived fields such as supply chain management 

(Giannakis, 2001). In the service operations literature there have been attempts by 

several scholars to outline the definitive characteristics of services (Sasser et al., 1979; 

Lovelock, 1983; Normann, 1991; Groonos, 1990). Despite debate concerning the several 

approaches, Fitzgerald et al. (1992) conclude that all researchers concede to one central 

characteristic of services- the notion of intangibility. Some research claims that it is this 

intangibility that is the key to determining whether or not an offering is a service or a 

good (Zeithaml & Binter, 1996). As to the general differences comparing services to 

manufacturing, McColgan (1997) points-out that: 

"The literature has long noted important differences between manufacturing and 
services firms. " 
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Nie and Kellogg (1999) explain that service operations have unique characteristics that 

are rarely found in manufacturing including: participation, intangibility, inseparability of 

production and consumption, heterogeneity, perishability and labour intensity. 

Expanding upon these points, Frohlich and Westbrook (2002) summarize the differences 

between manufacturing and services that emerge from the literature: 

9 The direct participation of customers in the service process adds complexity that 

is generally not found in manufacturing (Chase & Tansik, 1983). And 

furthermore, direct customer participation means that service firms tend to have 

many more physical sites than manufacturers along with the unique challenges 

presented by wide geographic dispersion. 

" Intangibility is cited as a fundamental difference between goods and services 

since a service cannot be seen, touched or tasted in the same manner as a 

manufactured product (Fitzimmons & Fitzimmons, 1997). 

" Services also tend to have higher heterogeneity and thus can be either deliberately 

or accidentally customised in comparison to the greater process standardisation of 

a typical manufacturer's production. 

" Services are likewise more perishable than physical products given that unused 

capacity is lost forever. This perishability leads to difficulties in managing 
demand, utilising capacity, planning services and scheduling labour. 

" Finally, services are typically more labour intensive in comparison to 

manufacturing (Heskett, 1986) and hence manufacturers can often realise more 

productivity gains through technological innovations (Quinn & Gagnon, 1986). 

Giannakis (2001) explains that in manufacturing supply chains the notion of value added 

is relatively easy to grasp as it is related to the transformation of raw materials into 

finished products. Each company in the supply chain consecutively adds value to the 

product by processing the materials and information that "flow" from the upstream 

suppliers. In the context of services however, such a notion is apparently not so relevant 

because services cannot be transformed, transported, or inventoried in the same way as in 

manufacturing. As Frohlich and Westbrook (2002) state: 

"Services are simultaneously produced and consumed and cannot be 
inventoried. " 
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Thus academics could be led to assume that the motivation for service organisations to 

implement supply chain management practices is low. This, in combination with the 

conceptual difficulties regarding such issues as service intangibility, is perhaps why 

relatively few researchers have investigated supply chain phenomena within service 

contexts. 

Nevertheless, several academics support the seminal work of Levitt (1976) arguing that it 

is not only appropriate to transfer models and concepts from manufacturing contexts to 

services, but it is an imperative. For example, Bowen and Youngdahl (1998) posit that 

the defining characteristics of manufacturing and services nowadays have blurred- and 

with the increasing "servitisation" of manufacturing companies will continue to blur. 

While it is tempting to look simply at the supply of services as being distinct from the 

supply of goods, in fact very few business exchanges involve purely services alone. And, 

similarly very few exchanges involve purely goods (Bailey et al., 1994). In reality, most 

exchanges are a bundle that includes goods and services. 

Bowen and Youngdahl (1998) conclude that the emphasis of the challenge will shift 

towards identifying and analysing the contingencies that exist in different contexts when 

a particular construct is transferred to a different setting. This has been recognised by 

several researchers who have investigated the transfer of theories and methodologies 

from TQM (Silvestro, 1998), and group technology (Sihra & Lutz, 1997) between 

manufacturing and service contexts. 

Similarly, Voss (2003) considers manufacturing-service contingent issues in adopting a 

sequence dependent manufacturing capabilities `sand cone' type model (Ferdows & De 

Meyer, 1990) for developing Internet-based service quality. Regarding the potential of 

transferring theories specifically from supply chain management, Voss (2003) recognises 

a broad spectrum of services that range from providing pure services (e. g. computer 

service, status information), to selling information (e. g. `infomediaries'), to selling a 

bundle of service and goods (e. g. PCs such as Dell), to selling goods (e. g. selling CDs). 

Toward the "selling goods" end of this service operations spectrum, levels of service 

quality dimensions such as `reliability' and `responsiveness' (Parasuraman et al., 1988) 

directly correspond to issues identified in the manufacturing-oriented supply chain 

management literature (See Section 2.1). Voss (2003) emphasises the importance of 

`fulfilment and delivery' to the first `foundation' stage of the sequence-dependent service 
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sand cone model, citing examples of service failure due to poor coordination of the flow 

of physical goods as a result of ineffective supply chain management. Voss (2003) states 

that: 

"Sequence dependency implies that unless the first stage is managed to high 
enough levels of quality, it will not be possible for companies to exploit the more 
sophisticated and value added aspects of service". 

And thus, for any non-pure services supply chain management issues relating to 

fulfilment and delivery of physical goods are likely to be crucial for business survival 

and success. Furthermore, as the literature review in Section 2.1 outlines, supply chain 

management goes far beyond the consideration of physical assets alone. From the supply 

chain management taxons of the Croom et al. (2000) analytical framework it is 

reasonable to contend that the appropriate exchange of assets, information, and 

knowledge are just as important in service exchanges as in the case of manufacturing 

exchanges. As with manufacturing supply chains, all services (even `pure' ones) will 

require the management to some degree of asset, information and knowledge exchanges 

between supply chain partners with the ultimate goal of satisfying the end customer. 

The above academic considerations could explain why so many service-oriented 

companies apparently see the benefits of supply chain management and are members of 

organisations promoting supply chain practices (for example Chartered Institute of 

Purchasing and Supply, 2003; Supply Chain Council, 2004 ). 

Hence, despite the likes of Davis (1983), there is considerable literature support for the 

validity of transferring supply chain management concepts from manufacturing contexts, 

where they have largely been developed, to service environments. 

2.4.2 Potential for Further Supply Chain Research in Service Contexts 

The above section indicates that despite the relative lack of academics investigating 

supply chain issues within service contexts there are good reasons and opportunities for 

doing so. This sub-section turns to identifying specific relevant areas where this doctoral 

study might contribute. 
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Those academics that have ventured to investigate specific supply chain related issues 

within service environments have largely considered downstream issues from the 

perspective of the customer. Such examples include the concepts of value analysis 

(Normann, 1991) and lean service (Bowen & Youngdahl, 1998). There is also an 

abundance of researchers that stress the importance of managing the `inter-organizational 

relationships' that are developed with the exchanges of services (Normann, 1991; Paulin 

et al., 1997; Tyler et al., 1998; Gadrey & Gallouj, 1998; Hart & Hogg, 1998). Yet these 

researchers only consider the downstream relationship with the customer. In his review 

of the services management literature regarding supply chain management issues, 

Giannakis (2001) finds that: 

"The literature in guiding managers and transferring the principles, concepts, 
methodologies and tools of supply chain management to the context of service 
industries has been scarce, focusing mainly on the dyadic relationship between 
the service provider and the end consumer of that service from the perspective of 
the customer... Therefore it is contended that more research needs to be done that 
considers other aspects of supply chain management in a service context. " 

Few works have considered the upstream level of the service supply chain focusing on 

relationships between the focal company and its suppliers (see for example Gallouj, 

1997; Fitzimmons et al., 1998). As Giannakis (2001) states: 

"The management of the upstream side of the supply chain, or the management of 
the entire chain (or network) of services supply has been markedly absent from 
the literature. " 

Frohlich and Westbrook (2002) support this claim, recommending that future research 

into supply chain issues in service contexts should consider upstream supply issues that 

may lead to bullwhip-type effects. Thus the analysis of upstream supplier-oriented issues 

represents a very interesting literature gap in which this doctoral study could make a 

valuable contribution. This importance of upstream supply chain integration of service 

companies with their materials suppliers is underlined by Watson's (2001) study of 

insurance companies. He finds that whilst downstream customer integration is 

straightforward, upstream integration: 

"... remains little more than an unfulfilled desire". 

Furthermore, there is a particular lack of research that directly compares supply chain 

constructs across manufacturing and service contexts within a single piece of work. This 

is despite arguments put forward above (and earlier in Section 2.1.9.3) to consider such 

110 



comparative issues. Frohlich and Westbrook (2002) is one of the few notable exceptions 

to this dearth of research applying supply (and demand) chain principles to both 

manufacturing and service contexts in a single piece of work. One of the main 

motivations behind the Frohlich and Westbrook (2002) study of Internet-enabled supply 

chain integration strategies was that: 

"We know little about what differentiates manufacturers and services regarding 
demand-driven supply chains. " 

They find important distinctions in supply chain integration strategies and impacts upon 

performance between manufacturing and service contexts. Higher levels of demand chain 

management and supply integration led to significant increases in performance for 

manufacturing, but there were few such signs in' the service company sample which 

overall appeared to lag behind manufacturing. However, Frohlich and Westbrook (2002) 

state that their lack of significant findings regarding service contexts could have been due 

to their service sample data comprising a wide variety of non-homogenous services. 
They suggest that future research should use a more focussed, richer service sample 

classification. 

Section 2.1.9.3 identified three `exchange' related research opportunities for 

investigating supply chain management within service contexts, namely: the exchange of 

services in service sectors; the exchange of services in manufacturing sectors; and the 

exchange of goods in the service sector. 

Addressing all three of these opportunities is beyond the scope of this doctoral research. 
In light of the above discussion, it would appear that the third contextual gap relating to 

the exchange of goods in the service sector represents the most interesting and feasible 

research challenge for this study. In particular, conducting research relating to the 

upstream supplier-oriented exchange of goods in the service sector is relevant, and will 
lead to direct manufacturing-service comparative opportunities as well as detailed sector- 

specific exploration. Thus, subsequent chapters of this study shall focus on the following 

contextual issues: 

1. Comparative investigation of upstream supplier-oriented constructs in manufacturing 

versus service contexts. More specifically, the combination of this contextual 

research gap with the conceptual `knowledge-lens' outlined in Section 2.2 leads to 
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the investigation of `Purchasing Competence' (Narasimhan et al., 2001). For this 
investigation, the financial services sector has been identified as offering good 

opportunities for comparative research with manufacturing (Roth & Jackson, 1995). 

2. Sector-specific supply chain research into upstream product suppliers of a service 

provider. In particular the healthcare service sector has been identified as being 

dependent upon the supply of goods in order to offer a service, thus offering good 

opportunities for such study (National Health Service, 2002). The combination of this 

contextual gap with a `knowledge-based' perspective leads to the development of the 

`Supply Chain Maturity' concept (Bowersox et al., 2000). 

2.5 A NOTE ON EXISTING DOCTORAL RESEARCH 

Having identified relevant gaps within the published supply chain management literature, 

further steps were taken in attempting to ensure that this doctoral study makes an original 

and valuable research contribution. In addition to the normal publication channels, a 

significant body of relevant and up-to-date research resides in recent doctoral theses. 

This research often remains unpublished for some time, and thus could be missed in a 

`normal' literature review. 

Thus to avoid duplicating other doctoral work a review was also conducted of recent 

related PhD theses. A library search was carried-out using the extensive London 

Business School and Inter-Library services for UK and international (largely US) 

doctoral theses investigating similar supply chain and knowledge management issues 

raised in the above published literature review. 

Several supply chain and knowledge management related doctoral theses were found 

corresponding to the period 1998 to 2004, indicating that these are considered to be 

contemporary areas worthy of research. In addition, the fact that several doctoral students 

have recently been actively researching in related areas, would suggest that addressing 

knowledge management issues within supply chains is a possible emerging theme of 

research. 

Examples of related doctoral research theses include: 
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" Investigating the combined concepts of market orientation and supply chain 

management as a way of pursuing customer value creation through capturing, 

sharing and responding to market knowledge. This work researches the 

interfunctional nature, and contribution to corporate strategy made by both 

concepts (Soonhong, 2001). 

" There are several doctoral theses concerned with building models and algorithms 

for collaborative planning and scheduling problems that arise in the supply chain. 

Apparently motivated by the globalisation of supply chains these works solve 

complex problems addressing issues such as enterprise resource planning (ERP), 

and electronic data interchange (EDI). Examples of such work are Anand (1998), 

De Bontridder (2001), and Yu (2002). 

" An examination, through modelling, of the processes by which skills are created 

and deployed within firms and along a supply chain, "focusing particularly on 

helping firms design employment and supply systems which create and capture 

knowledge to the firm's advantage". (Parker, 1998) 

" Developing a model for decision making processes within a supply chain as well 

as modelling uncertainty and risk (Blackhurst, 2002). 

" The development of e-business through information integration of supply chains 

using the Internet (Chi, 1999; Chao, 2001). 

" An examination of the relationships between dimensions of "supply chain 

management knowledge" and elements of organization structure (Christensen, 

2000). 

" Developing and empirically testing a theoretical framework that examines the 

informational role of the Internet in increasing supply chain transactions and 

product-distribution efficiency (Rabinovich, 2001). 

" An investigation of the inter-organisational information systems (IOS) 

phenomenon in the supply chain by combining IS competence and supply chain 

relationships, which are based on competence and transaction costs views (Shi, 

2001). 

" Empirically investigating information integration, via ERP systems, for supply 

chain management in manufacturing (Stratman, 2001). 

" An empirical study seeking to contribute to the knowledge management literature 

by considering: the implementation of knowledge management programmes; the 
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facilitation of knowledge transfer between ship manufacturers and shipyard 

suppliers; factors facilitating team knowledge sharing (Shin, 2003). 

" Empirical investigation of the impact of scientific management, knowledge 

management and supply chain management methods on local US manufacturing 

company performance (Harris, 2003). 

" Empirically based study of the integration of supply chain management, 
knowledge management and social capital to provide a "glimpse of the nature of 
knowledge resource based partnerships required to compete in electronic 

commerce" (Malhotra, 2000). 

Of all the related dissertations found, the last three doctoral studies (Malhotra, 2000; 

Shin, 2003; Harris, 2003) perhaps come closest to the doctoral research scope proposed 
in this study- especially in terms of bringing a knowledge perspective to supply chain 

management (or vice versa). Nevertheless, whilst those doctoral investigations are also 

empirically based, and there is a certain degree of commonality with this study, their 

respective emphases are very different. Only Shin (2003) explicitly addresses one of the 

same knowledge-based conceptual constructs (knowledge transfer) as this investigation, 

but focuses largely on inter-team knowledge sharing and does not address dimensions 

relating to competence or maturity. Neither is impact upon performance addressed. None 

of these doctoral theses apparently investigate contextual manufacturing versus service- 

oriented supply chain issues raised in this study. 

Therefore, whilst recent doctoral work has progressed in similar areas, none of it was 
found to constitute a significant contribution to the specific conceptual and contextual 

gaps revealed in the preceding literature review. Hence, the proposed research focus 

identified by this study is considered worthy of study, remains largely unaddressed and 

constitutes original scholarly work. 

2.6 SUMMARY 

This chapter is written with a view to informing the direction of research in this study, 

and to identify potential gaps in the literature. Four main literature streams are 

considered relevant to the research focus of this study: Supply Chain Management, 

Knowledge Management, Manufacturing Operations and Service Operations. The main 

emphasis of the review is on the supply chain management literature. The other streams 
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are reviewed in the light of identified deficiencies in the supply chain literature, and in 

terms of distinct insights and new dimensions they could add. 

2.6.1 The Supply Chain Literature 

Supply chain management is an important area of research. In light of the managerial 

challenges of coordinating the supply chain, the subject has received considerable 

attention from multidisciplinary academic communities over the last two decades. As a 

result, supply chain theory and practice have developed to the extent that supply chains 

and not single companies are now seen as units of competition. Nevertheless, supply 

chain management is still conceptually not well understood- and nor are future trends. 

Therefore, this review has explored traditional, current and potential future developments 

in the evolution of supply chain theory and practice with the aim of contributing to the 

scientific development of a coherent discipline. 

Several. bodies of literature have contributed to the evolution of supply chain 

management theory and practice to date. Many investigations have focused upon 
differing elements of exchange, at various levels of analysis and from diverse 

perspectives. The particular research focus for this study was attained by commencing 

with an historical overview of the challenges of coordinating supply chains through the 

20th century. The `real world' problems encountered in the automotive industry during 

this period led to the emergence of the lean supply paradigm in the late 1980s. Continued 

competitive pressure through the 1990s led to the conception and development of agile 

supply. By the late 1990s supply chains were finding they needed to combine the cost 

and service level advantages of both paradigms, resulting in the emergence of the leagile 

supply chain. 

At the very heart of these evolutionary philosophies lie the inter-related, yet only 

partially understood, concepts of supply chain integration and collaboration. Prominent 

and influential theories and frameworks have been developed to further understand the 

need for and mechanisms underlying these concepts. Significant mathematical modelling 

and empirical evidence has built-up indicating their benefits in terms of operational 

performance. And yet, considerable uncertainties still remain regarding these core issues 

despite their fundamental role in the future evolution of supply chains. 
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Modelling investigations of phenomena such as the `bullwhip effect' supports supply 

chain integration through partners working to share and coordinate flows of assets, data 

and information. This body of work also alludes to, but goes little further in analysing, 

the need for more complex mechanisms of coordination. Empirical `arcs of integration' 

work has gone further by suggesting that the continued evolution of supply chain theory 

will require going beyond asset, data and information levels of integration to encompass 

`human centric' issues of collaborative sharing and development of expertise and 
knowledge. Further literature echoes this message, citing companies that have 

implemented asset, data and information integration, but have been unable to sustain 

performance improvements. A few successful companies, however, indicate that 

continuing competitive advantage can be gained by going beyond simple integration- 

towards leveraging collaborative knowledge sharing and development with supply chain 

partners. 

Whilst the theoretical mechanisms behind collaborative supply chain integration are not 
fully understood, current `good' supply chain practice reflects the importance managers 

place on these concepts. This has manifested itself in the development of practitioner 
frameworks such as the Supply Chain Operations Reference (SCOR) model that extols 

the virtues of close integration and collaborative practices across several supply chain 
dimensions. 

Regarding the future of supply chains, the thought piece of Bowersox et al. (2000) brings 

together academic and practitioner viewpoints and asks the question: 

"Where are we now in the evolution of supply chains and what has to occur to 
advance along the continuum? " 

Their `mega-trends' represent key aspects in the future evolution of supply chains to 

cope with new business environments and contexts. In essence, the most important 

mega-trends summarise and reiterate an emerging theme from the previous literature 

review: a need for mechanisms that extend beyond the integration of assets, data and 

information, towards collaborative development and sharing of knowledge-based 

dimensions. In particular, three specific conceptual dimensions emerge that warrant 

further investigation: knowledge transfer, supply chain competence, and supply chain 

maturity. 
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2.6.2 Gaps and Opportunities for Further Research 

Despite the need for clearer conceptual understanding of these important knowledge- 

based dimensions, little academic work has been done in this area. Academics have 

identified such knowledge-based dimensions as representing a significant gap in the 

field- especially beyond the dyadic level of analysis and considering impacts upon 

performance. This knowledge dimension gap, combined with calls from distinguished 

researchers to bring new cross-functional conceptual perspectives into supply chain 

literature, presents an important opportunity for doctoral investigation. 

The emerging field of Knowledge Management has been identified by this study as a 

potential source of valuable insights with which to address the knowledge dimension 

conceptual gap in supply chain literature. Knowledge management related literatures 

have recognised for decades the basic premise that the inter-related issues of knowledge 

and learning are crucial to the evolution of organisations. This adds cross-functional 

weight to the argument for investigating knowledge dimensions pertaining to the future 

evolution of extended supply chain organisations- and to adopting a knowledge-based 

perspective. An overview of streams of literature within the knowledge management 
field identifies several potentially relevant theories, concepts and frameworks with which 

to apply the `knowledge lens' to supply chain contexts. Illuminating concepts emerge 
from themes such as: the constituents of organisational knowledge; the creation of 
knowledge; the transfer and adoption of knowledge; and the evolution of knowledge. The 

very limited recent supply chain literature that has considered such knowledge 

management concepts confirms their appropriateness and relevance, and suggests 

possible `fine-tuning' for application within supply chain contexts. 

Further to the knowledge dimension conceptual gap, supply chain researchers have also 

identified important contextual gaps. The evolution of supply chain management theory 

and practice to date has largely occurred within manufacturing contexts. However, 

organisations from different sectors are now also keen to exploit the benefits, and supply 

chain theories and practices are being transferred to evolving service-oriented contexts. 

Nevertheless, supply chain research within these new contexts is scarce. Given the rising 

importance of services to economic growth and the increasing servitisation of 

manufacturing organisations this represents an important contextual gap in the supply 

chain literature and another opportunity for this doctoral research. A brief overview of 

117 



manufacturing and service operations literatures indicates that, despite significant 

operational differences there is, indeed, potential for investigating supply chain 

management theory and practice in service contexts. Specific opportunities exist for: 

1) Comparative investigation of upstream supplier-oriented constructs in 

manufacturing versus service contexts, and 
2) Sector-specific research into upstream product suppliers of a service 

provider. 

To further assess the originality and potential value of addressing the literature gaps and 

new perspectives outlined above, a review is conducted of existing, unpublished doctoral 

research. Whilst, several related studies are found- indicating that these issues are 

contemporary areas worthy of research, none consider the same conceptual and 

contextual issues addressed here. Thus it is concluded that the precise research focus 

proposed for this study constitutes a significant and original contribution to existing 

supply chain knowledge. 

The next chapter builds upon the issues identified in the literature review to formulate the 

research framework for this doctoral investigation. 
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CHAPTER 3- THE RESEARCH FRAMEWORK 

"Research begins with a question or problem. Problems initially chosen almost 
always require more precise formulation to be amenable to research... The best 
ideas on how to refine the problem are likely to be found in the scientific 
literature... Once the problem has been clearly formulated, the researcher must 
develop an overall plan or framework for the investigation... he or she must, in 
effect, anticipate all of the subsequent stages of the research project... " (Singleton 
& Straits, 1999, p. 92) 

In line with the above quote and other established business and social science research 

guidelines (e. g. Remenyi et al., 1998), this chapter seeks to build upon the previous 

literature review to explore and develop the research question and formulate a research 

framework in preparation for subsequent research design. In effect, this chapter addresses 

the first two of Bryman's (1988) seven generic research process steps: 

1. To identify a broad area of study, based on a mapping of the literature, 

2. Having an idea of gaps in the literature, select the topic of research and 

appropriate research questions. 

Steps 3 to 7 are addressed in subsequent chapters. 

Section 3.1 identifies the literature-derived motivation for exploring the evolution of 

supply chain theory and practice, and in the light of conceptual and contextual gaps in 

understanding, articulates the central research question and scope of this doctoral study. 

With a view to addressing this central question, the field of knowledge management is 

seen as a potential source of new insights. Research issues considering the management 

of knowledge in supply chains are considered in Section 3.2. Firstly, the application of 

the knowledge perspective or `knowledge lens' to supply chains is reviewed in 3.2.1. 

Then Section 3.2.2 formulates a unifying framework for managing knowledge in supply 

chains. Section 3.2.3 ensures the key dimensions are consistently used across supply 

chain and knowledge management literatures and articulates working definitions for this 

study. 

Section 3.3 specifies the conceptual research framework for this study; identifying broad 

research questions and outlining three consecutive essays addressing knowledge transfer, 

supply chain competence and supply chain maturity. Section 3.4 then develops the 
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research questions so that they are more contextually specific, and provides reasoning for 

limiting the scope of this study. Finally, the three consecutive essays are framed for 

subsequent development in Chapters 5,6 and 7. 

3.1 THE RESEARCH QUESTION AND SCOPE OF STUDY 

The directional impetus for this research is motivated by the `mega-trend' work of 
Bowersox et at. (2000), and in particular their crucial question: 

"Where are we now in the evolution of supply chains and what has to occur to 
advance along the continuum? " 

The previous literature -review goes some way to answering the `where are we now' 

aspect of this question in terms of both supply chain theory and practice. The literature 

review mapped the evolution of supply chain management through the 20`h century, from 

the development of lean supply, through the incorporation of agile supply concepts, to 

the emergence of the leagile supply chain paradigm. Underpinning this evolution has 

been the closer integration between supply chain partners, and moves towards more 

collaborative ways of working together. A closer examination of the supply chain 
integration literature revealed that the current level of understanding extends to the asset, 
data and information levels of exchange. 

Yet, academics and practitioners have expressed the need for greater conceptual 

understanding beyond asset, data and information integration levels. More specifically, 

the literature identifies the need to encompass the sharing of opinions, expertise and 
knowledge needed for true collaboration between supply chain partners. There is 

currently little conceptual foundation for such knowledge-based constructs within the 

supply chain literature. Whilst the benefits are often expressed, the literature suggests 

that truly collaborative supply chains will remain elusive until knowledge-based issues 

are more fully comprehended. 

Thus a first step in addressing the `what has to occur to advance' aspect of the Bowersox 

et al. (2000) evolutionary question, should be research aimed at building-up such a 
knowledge-based conceptual base within the supply chain literature. 
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Furthermore, academics and practitioners have noted that the evolution to date of supply 

chain theory and practice has largely taken place within manufacturing contexts. Little 

work has been done to consider supply chain theories and practices in other business 

contexts, and research in service contexts is especially scarce. Thus understanding 

regarding the relevance and applicability of supply chain concepts and frameworks in 

service contexts is low. This is despite service organisations also being keen to exploit 

the benefits of supply chain management. In addition, services are increasing in 

economic importance and the process of servitisation is continuing within manufacturing 

organisations. 

Therefore, a second step in addressing ̀ what has to occur to advance' is identified by the 

serious literature calls for research into the relevance and applicability of supply chain 

concepts and frameworks within developing service contexts. 

Hence, to go some way towards addressing the above Bowersox et al. (2000) evolving 

supply chain question, this doctoral research seeks to contribute to two important 

literature gaps: 

Conceptual Gap 1: Consideration of knowledge dimensions in supply chains, 

Contextual Gap 2: Consideration of manufacturing AND evolving service contexts. 

In order to gain new insights with which to contribute to these gaps, alternative 

perspectives are considered from other literature streams. Firstly, the field of knowledge 

management is identified as a body of literature offering considerable potential for 

offering illuminating conceptual insights. Literature streams associated with knowledge 

management have long associated the importance of knowledge dimensions to the 

evolution of organisations. Considering supply chains as a form of extended 

organisation, it is felt that applying the `knowledge lens' in supply chain contexts will 

raise fundamental issues and valuable observations. Secondly, a combination of 

manufacturing and service operations literatures sheds light upon the similarities and 
differences between these two distinct contexts. Hence further understanding as to the 

application of concepts and practices in these contexts can be achieved. 

Bowersox et al. (2000) identify one further essential component for future supply chain 

evolution- "enhanced supply chain performance. " This critical issue needs to be 

considered to gain a sound understanding regarding the `how? ' and `why? ' managing 
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knowledge dimensions is important to the evolving supply chain. To make any detailed 

judgement regarding what has to occur to advance along the continuum of supply chain 

evolution, it is necessary to consider the impacts of knowledge dimensions upon 

performance in respective contexts. 

This synthesis of relevant literature, leads to a rearticulation of the evolving supply chain 

question in the light of identified gaps. The following research question therefore 

emerges as being one possible key to understanding the future evolution of supply chain 

theory and practice: 

"What is the impact of knowledge dimensions 
in manufacturing and service supply chains? " 

Three particularly relevant knowledge dimensions come out of the current supply chain 

management body of knowledge as warranting more detailed study: 

o Supply chain knowledge transfers 

o Supply chain competence 

o Supply chain maturity 

Whilst each of these knowledge dimensions could (and possibly should in due course) be 

investigated in detail in both manufacturing and service contexts, the scope of this 

doctoral study is limited to an ambitious, yet realistic target. Figure 3.1 indicates where 

this study shall focus in order to address both conceptual and contextual literature gaps. 

More focused articulation of the above research question for each conceptual knowledge 

dimension is expressed in Section 3.3. The reasoning behind focusing upon specific 

knowledge dimensions within respective manufacturing and/or service contexts is 

clarified in Section 3.4 of this chapter. 

Figure 3.1 The Scope of this Doctoral Research 
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Regarding the specific knowledge dimensions, corresponding theories and constructs 
have been found within the knowledge management literature that could serve to add 

conceptual depth to their interpretation and understanding within supply chain 

management. The previous literature review indicates that the adoption of the 

knowledge-based perspective has been successful in other research areas. Nevertheless, 

care needs to be exercised whenever theories and constructs are embraced from outside a 
body of literature to ensure appropriate, consistent and reliable application. That such 

concepts and constructs have universal application cannot be assumed. The next section 

therefore considers several fundamental theory building and research design issues 

concerning the unifying of knowledge management and supply chain management 

constructs. 

3.2 MANAGING KNOWLEDGE IN THE SUPPLY CHAIN 

3.2.1 Applying the `Knowledge Lens' to Supply Chain Management 

When theories and new perspectives are imported from outside operations management, 
Amundson (1998) suggests that it is helpful to adopt the 'lens' metaphor, whereby the 

notion of a theory/ perspective as a lens extends the understanding of our awareness and 

cognitive processing. Amundson (1998) states: 

"Human beings, faced with chaotic, disorganised stimuli, develop cognitive 
frames to organise their environment. Apparently unimportant stimuli are 
screened out and patterns are created to make sense of the environment (Dubin, 
1978). One can view this as implicit theory building, where the `lens', which has 
the capability of bringing clarity and focus to the environment, is analogous to a 
theory. The lens model adds additional understanding and dimensionality to the 
process of cognitive framing that both precedes and constitutes theory building. " 

Having identified the knowledge management literatures as potentially adding fresh 

perspectives, Figure 3.2 illustrates the Amundson (1998) lens as applied to the specific 
knowledge dimensions and supply chain issues previously identified. 

Amundson (1998) outlines the main benefits, limitations and cautions of applying the 

metaphorical lens model to theory building in operations management: 

"Several properties of a physical, optical lens have their analogs in the abstract 
world of the creation of scientific knowledge. First, a lens is directed towards an 
object; if the orientation of the lens shifts, the phenomenon being studied 
changes, and a different [phenomenon] is brought into view. Secondly, lenses 
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may have characteristics that affect the manner in which objects are viewed. For 
example, a lens may add colour... may focus near or far... or may illumine 
particular objects, excluding others. Thirdly, a lens is capable of capturing only a 
portion of the environment potentially available to an observer at any given 
moment... And lastly, the characteristics of the lens must be matched to the needs 
of the observer. 

Figure 3.2 Applying the Knowledge Lens to Supply Chains 

Knowledge 
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To ensure that the new perspectives offered by a lens are beneficial to theory building 

Amundson (1998) proposes four criteria for the importation of theory from other fields 

into operations management, namely: 

1. Is the phenomenon being studied in the imported theory reasonably consistent 

with the operations management issues being addressed? Is there a logical 

argument as to why the imported theory applies to the phenomenon of interest 

to operations management? 
2. Are the concepts being used by the imported theoretical perspective 

consistent with and meaningful in the field of operations management? 
3. Do the concepts used in the proposed theory have significant explanatory 

power? Are they important concepts to managers, so that research outcomes 

will be of interest and use in practice? 
4. Are the underlying assumptions of the theoretical perspective being employed 

consistent with those of operations management theoretical perspectives? 
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Amundson (1998) reviews these criteria with regard to importing and using in operations 

management theory-driven empirical research theories from the literature stream of 

organisational learning (the "umbrella" literature for knowledge management (Argote, 

1999). ) In general, she finds that: 

"Theoretical perspectives on organisational learning exhibit many characteristics 
ideally suited to integration with important issues in operations management. " 

For example, Amundson cites Roth and Giffi (1995) in discussing the process by which 
knowledge-based competencies are built within manufacturing organisations. 

Amundson concludes that assumptions inherent in knowledge management/ 

organisational learning are consistent with views in operations management. For 

example, organisational learning assumes a dynamic perspective, where organisations are 

continuously changing. In addition, the organisational learning literature emphasises the 

concept of routines- virtually identical to the operations management concept of 

processes. Thirdly, organisational learning distinguishes between knowledge or learning 

that is local versus architectural (Henderson, 1996)- concepts from the field of 

architectural product design. Also, organisational learning discusses phenomena 

consistent with the levels of analysis of organisational units studied within operations 

management and supply chain management. Organisational learning is concerned with 

the organisation or the routine, which is generally at a similar level with phenomena 

studied by operations management (process, plant, SBU, internal and `extended' 

organisations- such as supply chains. ) 

Thus the above criteria are met on a general ̀ broad brush' level for importing knowledge 

management/ organisational learning concepts and theories to the operations 

management literature- and more specifically to the supply chain management literature. 

In order to address Amundson's (1998) criteria for the importation of theory from other 
fields, the following steps are addressed in turn in subsequent sections: 

1. Formulating a unifying framework for managing knowledge in supply chains, 
2. Ensuring that the specific constructs of knowledge transfer, competence and 

maturity being addressed in this study are consistently defined across the 
knowledge management and supply chain literatures. 
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3.2.2 A Preliminary Framework for Supply Chain Knowledge Management 

This section considers the knowledge management concepts identified in the previous 

literature review within the integrated supply chain context of Figure 3.3. The following 

discussion is based upon the perspective of the Focal Company, which constitutes the 

unit of analysis in subsequent investigation. 

Figure 3.3 Managing Knowledge in the Supply Chain 

Supply Chain Knowledue Management 

ýh. 

2"`ý Tier 1" "fier 1" Ticr 2"d Tier Focal Company 
Supplier Supplier Customer Customer 

A clarifying note regarding unit of analysis: At this point it is worth emphasising that the 

unit of analysis for this study is the Company. The collaborative supply chain integration 

literature (e. g. Frohlich & Westbrook, 2001) suggests that knowledge development 

across the supply chain should benefit all members. This combined with knowledge 

management/ organisational evolution literature relating to the "boundary of knowledge" 

(e. g. Nelson & Winter, 1982 ) could lead to the conclusion that the unit of analysis should 

be broadened beyond the single company to total supply chain knowledge management. 

Whilst this could be a valid aim for future research (see discussion in latter chapters), 

such an extension is beyond the scope of this study. To maintain consistency with the 

majority of research in both fields, this study concentrates on supply chain knowledge 

management issues from the perspective of the Focal Company. Correspondingly, the 

shading of the arrows in Figure 3.3 indicates an increased 'utility' of that knowledge 

developed within or close to the focal company. These issues will be further addressed in 

subsequent chapters. 

The following discussion represents a preliminary effort to formulate a unifying 

framework for knowledge management in supply chains. Apparently, no such framework 

currently exists in the literature. The aim of formulating this framework is to aid in the 

theoretical understanding of the linkages between appropriate knowledge management 

concepts and their relevance to the supply chain setting. Figure 3.4 emerges from this 
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discussion and literature synthesis, and represents one possible unifying framework that 

could be used to characterise the development of supply chain knowledge management. 

In accordance with knowledge management literature, this study considers supply chain 

learning behaviour to be a process that results in the development of supply chain 

understanding and knowledge from which the focal company can potentially benefit 

(Dewey, 1938; Argyris & Schon, 1978; Edmondson, 1999). Congenital learning 

behaviour leads to the creation of an initial knowledge base composed of both explicit 

information (declarative knowledge) and tacit know-how (procedural knowledge) 

(Polyani, 1966; Kogut & Zander, 1992 ; Nonaka, 1994; Zack, 1999). This current 

explicit and tacit knowledge base can be augmented via further vicarious learning (from 

the external supply chain) and experiential learning through `learning by doing' (Huber, 

1991). It is these further knowledge development mechanisms upon which the 

framework in Figure 3.4 is based. 

Figure 3.4 A Unifying Framework for Supply Chain Knowledge Management 

Congenital Absorptive 
Learning Capacity 

Supply Chain Vicarious 
Knowledge Transfer Learning 

Exploiting 'Internal' Supply Chain Learning Curve 

Supply Chain Competence 
Experiential 

Learning 

Leveraging 'External ' Supply Chain Collaborative Practises 

Supply-Chain Maturity Vicarious + 
Experiential 

Learning 

127 



The above framework proposes three distinct phases of supply chain knowledge 

management: 

Phase 1: In a supply chain context vicarious learning leads to knowledge transfer from 

supply chain partners (Mowery et al., 1996; Ingram & Baum, 1997). Levels of previous 

congenital knowledge and absorptive capacity determine level of adoption of external 

knowledge transfers by the focal company (March & Simon, 1958; Cohen & Levinthal, 

1990;. Higher levels of absorptive capacity are likely for those knowledge transfers 

emanating from closer or more direct supply chain ties- such as 1 S` tier suppliers and 

customers (Ahuja, 2000). 

Phase 2: Continued experiential learning within the focal company leads to the 

improvement of the knowledge base and development of supply chain competence 

(Levitt & March, 1988). This knowledge evolution and experience-based supply chain 

competence will to lead to learning curve operating performance improvements in the 

short term (Epple et al., 1991; Argote, 1999). Nevertheless, in the longer-term over- 

exploiting internal knowledge could be self-destructive, leading to core rigidities 

(Leonard-Barton, 1992), competitive inertia (Miller & Chen, 1994), organisational 

myopia and competency traps (Levinthal & March, 1993). 

Phase 3: To combat potential diminishing returns and performance limiting phenomena 

in the longer term, the focal company must maintain the internal exploitation- external 

exploration knowledge balance (March, 1991). A combination of sustained vicarious 

learning through two-way sharing of knowledge with supply chain partners (Argyris & 

Schon, 1978) and a move from single to double- loop experiential learning (Almeida, 

1996) is needed to sustain this balance. The collaborative transfer and implementation of 

`appropriate' supply chain practices is likely to facilitate such continuous knowledge 

development and learning mechanisms (Szulanski, 1996; Bessant et al., 2003) . Such 

supply chain knowledge management capitalises upon the asymmetric knowledge 

strengths of the different supply chain partners (Dussuage et al., 2000) and leads to true 

collaborative supply chain integration characterised by high levels of supply chain 

maturity. 

A key to the above framework lies in the distinction Bowersox et al. (2000) make 
between `hoarding' and `leveraging'. A focal company that hoards knowledge can only 

exploit the internal learning curve in the short-term. Those that engage in collaborative 
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efforts to share knowledge and implement `appropriate' supply chain practices (Bessant 

et al., 2003) , on the other hand, can leverage benefits deriving from the entire supply 

chain. 

Another important point regarding the framework concerns the explicit and tacit forms of 
knowledge. Initial knowledge transfers between supply chain partners will primarily 

occur in the form of explicit codified knowledge- such as inventory levels, production 

plans and demand forecasts, delivery schedules, and kanban. As knowledge evolves into 

internal functional competencies through learning by doing, the tacit knowledge 

component will increase (Kogut & Zander, 1992). Through active communication and 

working with supply chain partners regarding the implementation of supply chain 

practices the collaborative knowledge sharing between supply chain partners will also 

acquire a tacit component (Szulanski, 1996). As a result, this study focuses primarily on 

explicit codified knowledge forms for investigation of knowledge transfer, but broadens 

the investigation to include tacit elements of `know how' within the supply chain 

competence and maturity constructs. 

The above three-stage framework extends the two components of supply chain learning 

identified by Bessant et al. (2003) . Citing Teece (1998) and Prahalad and Hamel (1994) 

they specify the first component to be "the accumulation and development of a core 
knowledge base- the `core competence" deriving from "the systematic and purposive 
learning and construction of a knowledge base". This corresponds to a combination of 
Phases 1 and 2 in the above framework. Citing Senge (1999), Garvin (1993), Leonard- 

Barton (1995), and Bowen et al. (1994), Bessant et al. (2003) specify the second 

component of supply chain learning as "the long-term development of a capability for 

learning... and the growing emphasis on `learning organisations"'. This corresponds to 

the increasing supply chain maturity levels in Phase 3 in the above framework. 

The above framework for supply chain knowledge management is further supported by 

comparison with personal, or individual, learning and knowledge development. Personal 

level metaphors are widely used in the knowledge management literature to explain and 

support the argument for organisational learning and knowledge development 

mechanisms. Many of the fundamental concepts of organisational learning and 
knowledge management originated from studies of individuals at personal and group 
levels. For example, Knight (2002) has shown that principles of personal knowledge 
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development and learning can be usefully extended to inter-organisational contexts. The 

active participation of others in the process of challenge and support is recognised as a 

powerful enabling resource at the personal level and was developed into the widely used 

approach of `action learning' (McGill & Warner-Weill, 1989). This stresses the value of 

experiential learning and the benefits that can come from gaining different forms of 
learning support from others. Part of this vision involves the idea of "comrades in 

adversity", working together to tackle complex and open-ended problems (Revans, 

1980). Also, Bessant and Tsekouras (2001) and Dent (2001) have recognised the 

usefulness of drawing links between personal concepts and inter-firm learning. 

Therefore a useful metaphorical comparison can be made with the above framework for 

supply chain knowledge development, and the personal development of a qualified 

professional- such as an engineer, lawyer, banker etc.: 

Personal Development Phase 1: Assuming an adequate level of absorptive capacity an 

aspiring professional will acquire knowledge through classroom education. Knowledge 

transfers from teacher to pupil. The graduate will leave university with raw context- 
independent knowledge in the form of general important skills (e. g. producing and 

reading engineering drawings, understanding legal jargon, general understanding of 
banking principles etc. ) 

Personal Development Phase 2: As most employers of recent graduates are aware, their 

knowledge is still raw and needs to be contextualised and developed into real 

professional competence that is of benefit to both individual and organisation within a 

particular business situation. This competence is developed through learning by doing 

and develops with time and practical 'on-the-job' experience. Nevertheless, over time, if 

there is no exposure to fresh challenges and new ways of seeing things, boredom, 

complacency and overconfidence can creep into ways of working- with corresponding 

detrimental effects upon personal development and performance. Therefore the move to 

Phase 3 is important. 

Personal Development Phase 3: It is essential for the continuing professional 

development of an individual to be exposed to different contexts and ways of doing 

things. Individuals are rarely successful working in isolation of others. Successful 

professional development involves a continuous balance between exploiting existing 

competencies, and identifying and developing new ones through appraisal and training. 
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Throughout this process the combination of feedback from others and continuing 

exposure to up-to-date `best' practices is essential. It is only through such continuous 

personal development efforts that an individual can attain professional maturity. 

3.2.3 Working Definitions of Supply Chain Knowledge Dimensions 

Defining Learning and Knowledge Transfer 

According to The Oxford English Dictionary and The Collins English Dictionary, 

`learning' and `knowledge' are defined as follows: 

"Learning: Verb: To gain knowledge of (something) or acquire a skill in (some 
art or practice). To commit to memory. To gain by experience, example etc. To 
become informed. " (Collins English Dictionary) 

Or: "Learning: Verb: Acquire knowledge of or skill in (something) through study or 
experience or by being taught. Become aware of by information or from 
observation. Memorize. Origin from Old English `lore'. " (The Oxford English 
Dictionary) 

"Knowledge: Noun: The facts or experiences known by a person or group of 
people. The state of knowing. Consciousness or familiarity gained by experience 
or learning. Erudition or informed learning. Specific information about a subject. " 
(Collins English Dictionary) 

Or: "Noun: Information and skills acquired through experience or education. The sum 
of what is known. Awareness or familiarity gained by experience of fact or 
situation. " (The Oxford English Dictionary) 

In terms of adopted working definitions, the concepts of learning and knowledge transfer 

are consistent between knowledge management and supply chain literature streams. 
These dimensions are clearly defined in the knowledge based literature (e. g. Ingram & 

Baum, 1997; Gupta & Govindarajan, 2000) which explicitly consider the flow of 

knowledge between the firm and external supply chain partners. Furthermore, to explain 

the forms of knowledge, Kogut and Zander (1992) use the example of inventory- 

directly linking their relevance to a supply chain context. 

Furthermore, combining the `what is knowledge? ' definitions of Kogut and Zander 

(1992), Zack (1999) and Albino et al. (1999) with supply chain management definitions 

from Handfield and Nichols (1999), Hill (2000), and Chase et al. (2001) suggests two 

components of knowledge transfer in the supply chain: 
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9 The first involves the structural elements of sharing knowledge related to issues 

such as inventory levels, production plans, delivery frequencies, and Kanban 

systems. 

The second knowledge transfer component involves the procedural elements of 

coordinating, planning, and forecasting between partners in the supply chain. 

Thus, knowledge transfer is a consistent construct across the literature streams. 

Furthermore, in the light of these definitions it is clear that knowledge is present in 

supply chains, that it is transferred between supply chain partners and that it is important 

to successful supply chain management (Bowersox et al., 2000). 

Defining Supply Chain Competence 

According to The Oxford English Dictionary and The Collins English Dictionary, 

`competence' is defined as follows: 

"Competence: the condition of being capable; ability. Competent: having 
sufficient skill, knowledge etc.; capable. Suitable or sufficient for the purpose. " 
(Collins English Dictionary) 

Or: "Competency/ competence: the quality or extent of being competent. Competent: 
having the necessary skill or knowledge to do something useful. Origin from 
Latin competere in the sense ̀be fit or proper'. (Oxford English Dictionary) 

Whilst being more complex than the working definitions for knowledge, `competence' is 

still uniformly adopted across knowledge management and supply chain streams. Thus it 

is appropriate to study `competence' from commonly held perspectives in both 

operations management and knowledge management literature streams. 

From the knowledge management perspective, Levinthal and March (1993) contend that 
individuals and organisations develop competence through a "mechanism of mutual 

positive feedback" with experience and improving knowledge and learning. This 

developed competence manifests itself in better skills and ways of doing things. This 

conforms to the general usage of the term `competence' within the operations and supply 

chain management literatures. 

Gammelgaard and Larson (2001) differentiate skills and competencies within a supply 

chain context as follows: 
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"Skills cover general context-independent knowledge; competencies refer to 
experience-based and context dependent knowledge. Skills are general tools and 
rules taught in most logistics classes, which are vital to the practitioner. However, 
to reach a competence level in the logistics discipline, practitioners acquire 
context dependent knowledge through organisational experience. Witt (1999) 
suggests workers must remain on the job to become competent. Dreyfus and 
Dreyfus (1986) argue that a competent practitioner makes decisions based upon 
rules and analysis, but with organisational experience can depart from rule-based 
analysis and make synchronic, intuitive, and holistic decisions. " 

In the operations management literature `competence' is sometimes confused with 

`competitive priority'. Yet within the manufacturing literature, Corbett and Van 

Wassenhove (1993 ) stress the `internal' nature of competence development as opposed 

to the `external' dimensions of competitiveness. Their work builds upon the `focused 

factory' work of Skinner (1974), which emphasises the importance of developing core 

competences that are properly aligned with competitive positioning. They state: 

"Given a particular competitive stance (i. e. specific marketing mix), a 
manufacturing strategy should ensure that the right competences are developed... 
good manufacturing practice means focusing on a limited subset of 
competences. " 

Voss (1995) identifies one paradigm of manufacturing strategy whereby the underlying 

argument is that "aligning the capabilities of manufacturing with the key success factors 

will maximise the competitiveness of a firm. " Corbett and Van Wassenhove (1993 ) use 

`capability' and `competence' synonymously, supporting the Ferdows and De Meyer 

(1990) concept of cumulative competence building- otherwise known as the `sandcone' 

model. Corbett and Van Wassenhove (1993 ) formulate the whole task of manufacturing 

strategy, and therefore of the manufacturing manager, as linking "the competences 

developed internally and the competitiveness required in the market. " And they 

elaborate: 

"By building these competences carefully and cumulatively, he or she will be 
better prepared for the continuously increasing demands from the marketplace... 
this means that one should build a set of competences compatible with the 
prevailing competitive requirements and adapt those competences to changing 
market demands. " 

The above seminal works show that a significant body of operations management 

research has considered the development of capabilities and competences in various 

contexts. 
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Specifically regarding supply chain research, Narasimhan et al. (2001) state that: 

"Competencies are developed through a process of managing decisions across the 
supply chain. " 

They add: 

"A synthesis of (strategic management and operations management] literature 

suggests that pursuit of functional strategies yield functional competencies, which 
in turn influence firm performance. This paper presumes a unifying framework 
that places different functional competencies along the supply chain as 
components of supply chain competence, which is hypothesized to influence firm 

performance. " 

More specifically, Narasimhan et al. (2001) perceive the `supply chain competence' 

construct as comprising the interaction of functional competencies such as `purchasing 

competence', `manufacturing competence', and `marketing/ sales competence'. They 

illustrate this construct and its impact as in Figure 3.5. 

Flure 3.5 Framework of Supply Chain Competence (Narasimhan et al., 2001) 

Supply Chain Competence = Purchasing Competence Il Manufacturing Competence n Marketing/ Sales Competence 

Firm Perlorniance 

This doctoral study thus adopts a working definition of competence that is consistent 

with previous knowledge management and supply chain research. The 'supply chain 

competence' dimension in this research considers the acquisition and improvement of 

created and/ or transferred knowledge into specific individual and organisational 

experience-based, context specific competences. This use of the term 'supply chain 

competence' is consistent with that of Narasimhan et al. (2001)- whereby dilicrent 

functional competences are components of overall supply chain competence. 

134 



Defining Supply Chain Maturity 

According to The Oxford English Dictionary and The Collins English Dictionary, 

`maturity' is defined as follows: 

"Maturity: Noun: the state, fact or period of being mature. Mature: Adj.: Fully- 
grown or physically developed; adult. Like an adult in mental or emotional 
development. (Of thought or planning) careful and thorough. Verb: to become 
mature. Origin: Latin maturus `timely, ripe"'. (The Oxford English Dictionary) 

Or: "Mature: Adj. Relatively advanced; grown-up. Fully grown or aged; adult e. g. a 
mature animal. Fully considered; perfected (plans, theories etc. ) Fully developed 
or differentiated. " (Collins English Dictionary) 

This study adopts a definition of `supply chain maturity' so as to maintain consistency 

with the thought work of Bowersox et al. (2000). As discussed in Section 2.1.8, their 

knowledge-based supply chain maturity scale indicates level of development towards the 

goal of collaborative supply chain integration. To evolve along the immature to mature 

continuum in a supply chain context requires two-way communication to ensure "shared 

vision and objectives among customers and suppliers about interdependency and 

principles of collaboration". In addition, development of supply chain maturity requires 

mutual effort between supply chain partners regarding "the adoption of integrative 

supply chain management operating practices". Bowersox et al. (2000) do not elaborate 

on the question of `what practices', but give examples such as "collaborative planning", " 

forecasting and replenishment", " Internet connectivity", and "other state-of-the art 

practices... built upon an extremely well-knit set of basic supply chain management 

principles designed to succeed today. " 

One possible operationalisation of this knowledge-based supply chain maturity construct 

therefore comprises levels of collaborative knowledge sharing regarding the 

implementation of `appropriate' supply chain practices- such as those of the Supply 

Chain Council SCOR model. Thus the concept of developing maturity coincides with the 

Bessant et al. (2003) ideal of sustaining continuous organisational learning "using supply 

chains as a mechanism for upgrading and transferring `appropriate practice"'. 

`Supply chain maturity' therefore corresponds to the level of evolution of a company in 

terms of collaborative knowledge sharing with supply chain partners relating to 

implementation of up-to-date and appropriate supply chain practices. Thus, a `mature' 
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organisation is defined as one that engages in extensive collaboration across a `wide arc' 

of supply chain partners in order to implement appropriate integrative practices. 

Conversely, an `immature' organisation exhibits a combination of low levels of 

collaboration, with limited supply chain partners and across a limited range of supply 

chain integration practices. 

This use of an organisational maturity term is consistent with the knowledge 

management aims of a `learning organisation' that seeks to balance the internal 

exploitation of existing knowledge with the exploration of new external knowledge 

possessed by supply chain partners. Hyland et al. (2003) suggest that this is liable to be a 

continuous process. Hence the emphasis on the development of supply chain maturity is 

upon the sustained combination of continuous experiential and vicarious learning 

through the development and sharing of knowledge on appropriate supply chain 

practices. Also Miller and Chen (1994) suggest that more "mature" organisations could 

reduce problems associated with "competitive inertia" through prolonged internal 

knowledge exploitation and external exploration. Thus, in essence this maturity construct 

constitutes the long-term combination of regularly up-dated competence levels with the 

use of the correct tools for the circumstances. Furthermore, as practices evolve supply 

chain maturity corresponds to increasing levels of `know-how' as defined by Kogut and 

Zander (1992), and therefore captures both explicit and tacit elements of knowledge: 

"Know-how, like procedural knowledge, is a description of what defines current 
practice inside a firm. " 

3.3 THE CONCEPTUAL RESEARCH MODEL 

As the framework in Figure 3.4 indicates, the knowledge dimensions of knowledge 

transfer, supply chain competence and supply chain maturity represent a logical 

progression from creation/ transfer, through acquisition/ improvement, and finally to 

evolution of knowledge in the supply chain. The first two knowledge dimensions of 

knowledge transfers and supply chain competence are purely derived from mechanisms 

of knowledge and skill development in the supply chain. Supply chain maturity, on the 

other hand combines knowledge evolution in the supply chain with the implementation 

of appropriate supply chain practices. 
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These three issues have been identified as potential drivers of performance that warrant 
further empirical study in supply chain contexts. Hence the overall research question 
from Section 3.1 can be broken-down into the following more meaningfully articulated 

research questions: 

1. What is the impact of supply chain knowledge transfer upon performance? 
2. What is the impact of supply chain competence upon performance? 
3. What is the impact of supply chain maturity upon performance? 

These three research questions address the first knowledge dimension evolutionary gap. 
The aim is to tackle each of these knowledge dimension research questions in the three 

sequential essays in Chapters 5,6 and 7. 

The conceptual research model in Figure 3.6 outlines the logical development of the 

three essay chapters. This research model captures the links between the knowledge 

dimension areas of this study and the individual research questions outlined above. It 

also indicates the particular knowledge dimensions that will be investigated by each of 

the three sequential essays. 

Figure 3.6 The Conceptual `Knowledge Dimension' Research Model 

Knowledge Transfers in 

Knowledge in the 
Supply Chains 

Supply Chain 
1ü 

........ _..... Supply Chain Competence 

Supply Chain Practice - 10. Chain Maturity -----º 

Essay I (Chapter 5) Essay 2 (Chapter 6) Essay 3 (Chapter 7) 
................ º -------- 00. 

Supply Chain 
Performance 
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It should be noted that the above model only addresses the conceptual first literature gap 

stated in Section 3.1. With a view to contributing to the contextual second literature gap, 
the next section goes on to link the specific conceptual knowledge dimensions of 
`knowledge transfer', `supply chain competence', and `supply chain maturity' to 

appropriate manufacturing and evolving service-oriented supply chain contexts. 
Furthermore, it frames the three sequential essays that are developed in Chapters 5,6 and 
7. 

3.4 INVESTIGATING KNOWLEDGE DIMENSIONS IN 
MANUFACTURING AND SERVICE SUPPLY CHAIN 
CONTEXTS 

The second evolutionary gap- pertaining to manufacturing and evolving service supply 

chain contexts is best addressed by investigating the above knowledge dimension 

research questions in those contexts that are most useful, appropriate and interesting. 

This section therefore has three aims: 

1. It develops the above conceptual research questions from Section 3.3 so 
that they are more contextually specific. 

2. It provides the background reasoning to limiting the scope of the study to 

those elements shown earlier in Figure 3.1. 

3. It frames the three consecutive essays for subsequent development in 

Chapters 5,6 and 7. 

The literature review in Chapter 2 identified specific areas for investigating supply chain 

management theory and practice relating to service contexts. Above all, there is clear 

opportunity for: 

i) Comparative investigation of supplier-oriented constructs in 

manufacturing versus service supply chain contexts, and 
ii) Sector-specific research into product suppliers of a service provider. 

These two opportunities are considered in Sections 3.4.2 and 3.4.3 respectively, and 

constitute the basis for Essays 2 and 3. Before continuing with investigations of 
knowledge dimensions in evolving service supply chains, however, an exploratory study 
into supply chain knowledge mechanisms is needed. This is the thrust of the first essay, 
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for which more established manufacturing supply chains provide the ideal research 

context as outlined in the following Section 3.4.1. 

3.4.1 Investigating Explicit Knowledge Transfer in Manufacturing Supply Chains 

From previous discussion it makes sense to follow the logical progression of the 

knowledge dimensions shown in Figure 3.4, and commence with an exploratory study of 

the knowledge transfer dimension. In addition, investigating explicit knowledge transfer 

in manufacturing supply chain contexts provides a good empirical `point of departure' 

for this doctoral study. An exploratory study of such established supply chains will result 

in a research base from which to proceed to the next steps. A strong reason for not 

conducting an initial exploratory study in service supply chain contexts concerns the 

uncertainties and the potential confounding effects that could result from the more 

complex service operations characteristics. Furthermore, there is a higher likelihood that 

findings from an exploratory study in service contexts would be non-generalisable. 

Therefore, given the research objectives, this study commences with an exploratory 
investigation of knowledge transfers in the context of manufacturing supply chains. Thus 

the first broad research question can be contextually refined to: 

RQ1: What is the impact upon performance of knowledge transfer in 
manufacturing supply chains? 

This primary research question is addressed by the first essay and corresponds to the 
framework shown in Figure 3.7. 

Figure 3.7 The Research Framework for Essay I 

Knowledge Transfers in 
Knowledge in the Manufacturing Supply Supply Chain 

Supply Chain Chains Performance 

The knowledge management and supply chain literatures parallel each other in the 

general proposition that external knowledge is transferred between supply chain partners, 

and that this knowledge transfer can significantly benefit organizational efficiency. Both 
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streams appear to echo the Frohlich and Westbrook (2001) finding that the "widest 

degree or arc of integration with both suppliers and customers [has] the strongest 

association with performance improvement". The supply chain integration literature 

consistently notes the benefits of sharing data and information with and coordinating 

activities between supply chain partners in order to improve performance (e. g. Davis, 

1993; Fisher et al., 1994; Fisher, 1997; Lee et al., 1997a; Magretta, 1998). 

From the knowledge management literature there is abundant evidence that 

organizational knowledge is an important determinant of higher performance and 

competitiveness (e. g. Brown & Duguid, 1991; Kogut & Zander, 1992). Several studies 

have demonstrated the beneficial value of knowledge transfers from beyond the 

boundaries of the organization (e. g. Cohen & Levinthal, 1990; Hagedoorn & 

Schekenraad, 1994; Mowery et al., 1996). 

Thus from the combined supply chain and knowledge management literature the 

following proposition can be made: 

Proposition 1: Knowledge transfer between supply chain partners will enhance 
supply chain performance. 

This proposition warrants analysis to identify mechanisms of external knowledge transfer 

in the supply chain, and links with improved organizational efficiency. 

Whilst there are similarities between knowledge management and supply chain 

management literatures, there are also differences. For example, there is no `fine-tuning' 

as to the relative benefits depending upon where knowledge transfers emanate from. The 

knowledge management literature recognises that not all knowledge creation, capture, 

and distribution are equal (e. g. Levinthal & March, 1993; Miller & Chen, 1994; Ingram 

& Baum, 1997) yet makes no distinction between upstream, downstream or integrated 

supply chain external knowledge sources. Similarly, the' benefits of supply chain 

integration have not yet been demonstrated at the knowledge level of exchange. Thus 

adequate exploration of the above primary research question and literature derived 

proposition can also lead to valuable insights and answers to the following secondary 

research questions: 
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RQ1a: Is the concept of an integrated supply chain supported from a knowledge 

perspective? 

RQIb: Where does the `richest' knowledge in a supply chain emanate from? 

A further point of consideration in this first exploratory essay concerns the type of 
knowledge to investigate. A full consideration of tacit knowledge would represent a 

significant increase in complexity to an initial exploratory investigation. Thus, whilst this 

doctoral research as a whole recognizes the importance of managing both tacit and 

explicit knowledge in organisations (Polyani, 1966; Brown & Duguid, 1991; Nonaka, 

1994; Romer, 1995), the first essay will concentrate upon the codified, explicit form for 

two reasons: 

1. Explicit knowledge plays an increasingly general role in modern 

organizations, 
2. It is more precisely formulated and articulated than tacit knowledge thus 

enabling accurate and focused empirical analyses (Zack, 1999). 

Investigating explicit knowledge is thus ideally suited to an exploratory study. Results 

are more likely to be accurate and generalisable to other contexts in subsequent 
investigations. In contrast, including the more complex and context specific tacit 'know- 
how' could be detrimental to such focus and generalisability. Furthermore, the 
knowledge literature (Kogut & Zander, 1992) specifically suggests that mechanisms 
behind the inter-firm transfer of tacit knowledge are poorly understood and thus 

potentially confounding for a study aimed at laying the groundwork upon which 
subsequent research stages may build. 

Essay 1: "Investigating Explicit Knowledge Transfer in Manufacturing Supply Chains" 

further explores the above lines of research in Chapter 5 by developing and empirically 

testing focused literature-derived hypotheses. 

3.4.2 Comparing Supply Chain Purchasing Competence in Manufacturing and 
Service Contexts 

As discussed in Chapter 2, supply chain concepts that have been developed and observed 
in manufacturing contexts are being extended and implemented in new contexts such as 
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service operations. These evolving service supply chain contexts pose new challenges 
both to practitioners and to researchers, and present interesting manufacturing-service 

comparative research opportunities. Hence a comparative study follows the above 

exploratory investigation of knowledge transfer mechanisms in supply chains. Of 

interest, in comparing manufacturing and evolving service supply chain contexts are the 

mechanisms of knowledge development in the supply chain. These mechanisms 
correspond to the development of supply chain competence. Therefore, the second study 
is aimed at contributing to the literature by investigating whether a supply chain 

competence construct is equally applicable and valid across manufacturing and service 

contexts. 

In order to draw comparisons between the distinct manufacturing and service operations, 

it is necessary to pin down what supply chain competence constructs are in effect and in 

which parts of the supply chain. The previous literature review indicates that the 

downstream side of manufacturing and service supply chains can differ considerably in 

terms of what is delivered to the end customer and how it is delivered. Therefore there 

are limited grounds for comparison here. On the upstream- supplier side however, there 

are significant operational similarities. In the same way that manufacturing requires the 

supply of raw materials and component products, services often also rely on the 

provision of physical goods from upstream suppliers. 

Krause et al. (1998) point out that many companies- both manufacturing and services, 

seek the advantages of supply-side competences that results in improvements in delivery 

and cost. Handfield (1993) notes that supply-side coordination typically means 
"obtaining frequent deliveries in small lots, using single or dual sources of supply, 

evaluating alternative sources on the basis of quality and delivery instead of price, 

establishing long term contracts with suppliers, reducing buffer inventories and 

eliminating formal paperwork. " Clearly, this offers considerable benefits to purchasing 
functions in both manufacturing and service organisations. In fact, previous studies 

consistently link upstream supply chain competence to benefits in terms of: 

" Reduced costs and lead times (Ansari & Modaress, 1990) 

" Improved supplier reliability (Carr & Pearson, 1999) 

" Improved communications (Freeland, 1991) 
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The literature consistently contends that these benefits in turn lead to improved 

operational performance in manufacturing organisations (Chapman & Carter, 1990; 

Akinc, 1993; Lawrence & Hottenstein, 1995; Agrawal & Nahmias, 1997; Tan et al., 
1998). Yet these benefits would clearly also be appreciated by most service organisations 

that undertake purchasing of physical goods. 

As long as common knowledge related dimensions are used- valid comparisons may be 

made. In this respect, Narasimhan et al. (2001) define supply chain competence as a 
function of purchasing competence, manufacturing competence and marketing/ sales 

competence. Their work goes on to identify the underlying dimensions of supply chain 

purchasing competence, and, in the light of the above discussion, this appears to provide 

a firm foundation for comparison of upstream manufacturing and service-oriented supply 

chain contexts. 

Thus, this second study adopts the supply chain purchasing competence construct that 

Narasimhan et al. (2001) empirically identified for manufacturing, and aims to replicate 

and cross-validate it across manufacturing and service companies. The following 

research question therefore emerges for investigation in the second study: 

RQ2: Is supply chain purchasing competence equally valid for 
manufacturing and evolving service supply chains? 

Since Narasimhan et al. (2001) developed their supply chain purchasing competence 

construct there have been relentless advances in upstream supply chain management- 

particularly in IT. In light of this, the following research qucstion also warrants analysis 
in the second study: 

RQ2a: Is it appropriate and valid to extend the Narasimhan ct al. (2001) supply chain 

purchasing competence construct- to include an underlying dimension for IT 

competence? 

To investigate impact upon performance of supply chain purchasing competence in 

manufacturing and service contexts, common scales of performance need to be used. In 

this respect, Chao (1993) identified the most important multi-sector purchasing 
performance measures, thus providing a basis upon which to study the following research 
question: 
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RQ2b: What are the impacts upon performance of supply chain purchasing competence 
dimensions in manufacturing and service contexts? 

These research questions are developed and investigated by the second essay, 

corresponding to the framework shown in Figure 3.8. 

Figure 3.8 The Research Framework for Essay 2 

Purchasing Competence in 
Manufacturing Supply 

Chains Knowledge In the Purchasing 
.... ........ A Performance Supply Chain V 

Purchasing Competence In 
Service-Oriented Supply 

Chains 

I. 

Regarding the impact of supply chain competence upon performance, both supply chain 

and knowledge management literatures propose the potential beneficial impact of 

competence development upon performance. The combined supply chain and knowledge 

management literatures thus lead to the following proposition: 

Proposition 2: Supply chain purchasing competences will have significant impact 

in manufacturing and evolving service supply chains. 

Nevertheless, whilst the supply chain literature simply proposes a significant positive 
impact, the knowledge management literature also recognises the potential for significant 

negative impact of competence development upon performance. Work on 'learning 

curves' in organisations (Epple et al., 1991) indicate possible diminishing returns, and 

some literature warns of the dangers of over-optimising knowledge (Starbuck & 

Milliken, 1988). Performance trade-offs have been identified between exploiting existing 

compeences and exploring new knowledge (March, 1991). Also, the research on 
$corporate inertia' and 'competency traps' recognises that on the one hand applying 

existing knowledge-based competence may be beneficial, on the other hand it may also 

make an organisation 'myopic' and 'rigid' (Levinthal & March, 1993; Miller & Chen, 

1994). 
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The above research questions, proposition and emerging issues merit investigation and 

are developed and empirically analysed in Chapter 6- Essay 2: "Comparing Supply 

Chain Purchasing Competence in Manufacturing and Service Contexts". 

3.4.3 Investigating Supply Chain Maturity in an Evolving Service Context: 

Healthcare 

Following a comparison of supply chain competence in manufacturing and service 

contexts, this doctoral study moves on to investigate supply chain maturity in a specific 

evolving service supply chain context. The term supply chain maturity was coined by 

Bowersox et al. (2000), and in keeping with their usage, is considered in this doctoral 

study as the level of collaboration with supply chain partners pertaining to appropriate 

supply chain practice implementation. 

The literature review in Chapter 2 indicates that maturity levels differ between 

companjes and sectors. Generally, the manufacturing sector is considered to be 

comparatively mature since on the whole it has widely implemented supply chain 

practices and worked to share knowledge with supply chain partners for many years. On 

the other hand, however, supply chain practices and collaborative knowledge sharing are 
comparatively new in certain evolving service supply chains. 

As such, there is likely to be greater spread in supply chain maturity levels between 'fast 

adopter' and 'laggard' service organisations. This likely increased spread in maturity 

makes evolving service supply chain contexts particularly interesting arenas for further 

investigation. As previously discussed, a significant contribution could be made to the 
literature by assessing the impact of supply chain maturity upon operational performance 
in a specific sector whereby a service provider depends upon product suppliers. 

Thus the third broad research question is contextually refined to: 

RQ3: What is the impact upon performance of supply chain maturity in an 
evolving service context? 

This research question is developed and investigated in the third essay, corresponding to 

the framework shown in Figure 3.9. 
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Figure 3.9 The Research Framework for Essay 3 

Knowledge in the 
Supply Chain Maturity in an Evolving Supply Chain 

Service Supply Chain --------- 0' Performance 
Supply Chain Practice [ 

Previous discussion establishes that evolving service supply chain contexts are 

particularly appropriate for investigating the supply chain maturity dimension. In 

particular, high profile efforts are currently being made by the UK National Health 

Service to improve operational performance relating to its product supplier base. This 

indicates that the UK Healthcare sector is an ideal evolving service supply chain context 
in which to investigate the impact of supply chain maturity (National Health Service, 

2002). 

Given that the maturity dimension is composed of both knowledge and practice 

components, particular care needs to be taken in its formulation. Despite an extensive 

review of the literature, no formal operationalisation of the supply chain maturity concept 

was found in adequately detailed form for the purposes of this study. Therefore Essay 3 

seeks to develop a new supply chain maturity construct, whilst aiming to stay as true as 

possible to the usage of the tenn by Bowcrsox et al. (2000). This leads to the following 

additional research question: 

RQ3a: What are the underlying dimensions of supply chain maturity in an evolving 

service supply chain context? 

The outcomes of the previous two essays inform and develop the knowledge-based 

aspects of maturity. Regarding the inclusion of supply chain practice aspects in the 

maturity construct, the Supply Chain Council (2004) SCOR model proves invaluable. 

The practices identified in the earlier review of academic and practitioner literature under 

each of the Plan, Source, Deliver, Make, NPD and Returns elements of the SCOR model 

are incorporated into the supply chain maturity construct. Nevertheless, it is not assumed 

that all of these SCOR practices are necessarily appropriate to all situations. In fact, 

essay 3 does not attempt to develop a 'one size fits all' supply chain maturity construct, 
but rather puts the onus on validating the concept based upon 'appropriate supply chain 
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practices' according to context specific supply chain operational configurations (Bessant 

et al., 2003). Thus the following proposition emerges: 

Proposition 3a: Supply chain maturity can be defined in terms of knowledge 

sharing across practices that are 'appropriate' to specific 
operational supply chain configurations. 

Both supply chain and knowledge management literatures suggest the potential impact 

upon performance from combined collaborative knowledge sharing and appropriate 

practice implementation. Thus the following additional proposition emerges from the 
literatures: 

Proposition 3b: Supply chain maturity will have a significant impact upon 

performance in an evolving service context. 

Yet, as with supply chain competence, the supply chain and knowledge management 
literatures do not give universal agreement regarding the direction of this impact upon 

performance. Whilst some literature (Bowersox et al., 2000) only considers a beneficial 

impact upon performance from the combination of up-to-date supply chain practices, and 
high levels of knowledge sharing, others warn of potential negative impact. Some supply 

chain literature indicates that not all supply chain practices are necessarily appropriate 
(Davenport, 1998). In addition, some knowledge and operations management literature 

wams that knowledge sharing and development activities in certain areas do not 

necessarily lead to performance improvement (Upton, 1995; Vokurka & O'Leary-Kelly, 

2000). In fact, certain performance diminishing phenomena could lead to insignificant or 

negative impact of supply chain maturity upon performance depending upon the 

contingencies present in differing supply chain configurations (Leonard-Barton, 1992). 

These research questions, proposition and issues are further developed and empirically 

analysed in Chapter 7- Essay 3: "Investigating Supply Chain Maturity in an Evolving 

Service Context: Healthcare". 

3.5 SUMMARY 

This chapter considers how this doctoral study can best make a contribution to those 

areas in the supply chain literature identified in Chapter 2. The literature-derived 
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motivation for exploring "what has to occur to advance along the [evolutionary] 

continuum" of supply chain theory and practice is discussed. In striving to address this 
issue two distinct conceptual and contextual gaps in knowledge need to be investigated. 

A combination of these gaps, in light of relevant literature, leads to the articulation of the 

broad research question for this study: 

"What is the impact of knowledge dimensions in 

manufacturing and service supply chains? " 

Synthesis of the literature suggests three particularly pertinent knowledge dimensions: 

supply chain knowledge transfers, supply chain competence and supply chain maturity. 
The scope is outlined for this study to investigate each of these dimensions within 

manufacturing and/ or evolving service supply chain contexts. 

The knowledge management literature is identified as potentially adding conceptual 
depth and new insights to the consideration of managing knowledge in supply chains. In 

order to apply the 'knowledge lens' to supply chain management, several fundamental 

theory building and research design issues are considered regarding the unifying of 
knowledge management and supply chain perspectives. To address criteria for such 
importation of theory from other fields, a unifying framework is formulated for supply 

chain knowledge management. Several knowledge management theories and constructs 

are considered within the supply chain context. This analysis concludes that it is relevant 

and appropriate to adopt a knowledge-based perspective in this doctoral study of the 

evolving supply chain. Furthermore, steps are taken to ensure the specific knowledge 

dimensions are consistently defined and applied across the two literature streams. 
Coherent working definitions for each of the above knowledge dimensions are expressed. 

An overall conceptual research model is specified, and based upon the logical 

progression from knowledge creation/ transfer, through acquisition/ improvement, and 
finally to the evolution of supply chain knowledge. Corresponding to this logical 

knowledge-based progression the research model outlines three sequential essays. The 

three essays are designed to assess, in turn, the impact of supply chain knowledge 

transfer, supply chain competence and supply chain maturity upon performance. 
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Through sub-dividing the overall research model, the three sequential essays are further 

framed by applying the knowledge dimension concepts in relevant manufacturing and/ or 

service contexts. Focussed essay-specific research frameworks are expressed, whereby 

each essay considers one primary research question and related secondary questions. The 

first essay is framed to investigate the impact of knowledge transfer in manufacturing 

supply chains. The second essay is framed to replicate and extend the Narasimhan et al. 
(2001) supply chain purchasing competence construct and to compare its applicability, 

relevance and impact across manufacturing and service supply chain contexts. The third 

essay is set-up to develop robust supply chain maturity constructs relating to 

collaborative knowledge sharing across 'appropriate' supply chain practices, and to 

investigate their impact upon performance in the evolving service context of healthcare. 

Literature synthesis results in broad propositions that warrant further development and 
investigation in subsequent essay chapters: 

Chapter 5- Essay 1: "Investigating Explicit Knowledge Transfer in Manufacturing 

Supply Chains" 

Chapter 6- Essay 2: "Comparing Supply Chain Purchasing Competcncc in 

Manufacturing and Service Contexts" 

Chapter 7- Essay 3: "Investigating Supply Chain Maturity in an Evolving Service 

Context: Healthcare" 

Before these chapters, Chapter 4 builds upon the research framework, considering 

appropriate research methodologies to enable the above investigations. 
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CHAPTER 4- METHODOLOGY 

Steps I and 2 of Bryman's (1988) seven-step research process have been covered in 

previous chapters. This chapter moves on to consider steps 3,4,5 and 6: 

3. Decide upon an approach, which is in keeping with the philosophical position 

of the research, 

4. Formulate the plan or research design, 

5. Collect the qualitative or quantitative data as appropriate to the philosophical 

position, 
6. Analyse and interpret the data with appropriate methods. 

Section 4.1 addresses steps 3 and 4 in outlining the philosophical position and 

formulating the research design. The chosen approach of survey research, general 
implementation issues, and the need for rigorous survey methods in operations 

management research are covered. 

Section 4.2 addresses step 5- the specific data collection methods of mail, telephone and 
Internet surveys. These were chosen and implemented specifically to address the 

research questions and the three essays framed in Chapter 3. 

Section 4.3 addresses step 6 with an overview of possible appropriate data analysis 

methods that will be further developed in each essay in Chapters 5,6 and 7. 

Bryman's (1988) concluding steps 6 and 7 of interpreting the data, validating findings 

and presenting them arc covered in the development of the individual essays in Chapters 

5,6and7. 

4.1 RESEARCH DESIGN 

"Decisions have to be made about what sort of observations are needed to solve 
the research problem... The researcher must then select an appropriate strategy for 
making the observations- experiment, survey, field research, or use of available 
data. " (Singleton & Straits, 1999, p. 93) 
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The choice of an appropriate strategy should be made with due regard for philosophical 

and epistemological considerations in research (Croom, 2002). Various writers on 

research methodology start by setting out a dichotomous view of the researcher's choice 

of philosophical position. Bryman (1988), for example, discusses the two general 

approaches to organisational research as being concerned with either quantitative or 

qualitative methods, whilst both Easterby-Smith et al. (1991) and Gill and Johnson 

(1991) characterise the debate in terms of two main paradigms: positivism and 

phenomenology. Meredith et al. (1989) view the epistemological choice as being 

between a rational and existential paradigm, whilst Hirschman and Holbrook (1992) 

adopt a similar view, contending that research paradigms exist on a continuum between 

material detenninism (empiricism) and mental determinism (rationalism). 

In their discipline note, Pannirselvarn et al. (1999), found that operations management 

(OM) research had remained very much positivistic (or at least post-positivistic) in 

nature- with surveys and simulation being the predominant methods used in journal and 

conference publications. 

This doctoral study aims to contribute to the OM and supply chain literature by 

conducting rigorous and scientific research. As such, the scientific process is crucial in 

this research. Singleton and Straits (1999, p. 27) quote Albert Einstein as saying that 

"science must start with facts and end with facts, no matter what theoretical structures it 
builds in between. " In other words, they say at some point scientists are observers 

recording facts; next they try to describe and explain what they see; then they make 

predictions on the basis of their theories, which they check against their observations (i. e. 

the facts) again. The cycle is that theories generate predictions, predictions are checked 

against observations, the observations produce general isations, and the general isations 

support, contradict or suggcst modifications to the thcory. This proccss is shown in 
Figure 4.1. 

Fivure 4.1 The-Sclentific Process 
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Empirical relevance and generalisation- and thus empirically oriented research work is 

key to this scientific knowledge process (Babbie, 1990: Barwise, 1995). 

Forza (2002) considers the increasing use of empirical data in the OM field to 

supplement mathematics, modelling, and simulation to develop and test theories. He 

states that many authors have called for this empirical research, since OM became a 
functional field of study (such as marketing, management information systems, etc. ) 

within the management discipline. 

The rationale in this increased empirical work was to reduce the gap between 

management theory and practice, to increase the usefulness of OM research to 

practitioners, and to increase the scientific recognition of the OM field. Recognition of 
the value of empirical research in OM has led to an increase in the number and 

percentage of studies based upon empirical research. 

Flynn etal. (1990) provide an overview of general methodology that should be followed 

for conducting empirical research in the OM field: 

Establishing the theoretical foundation for the research, 

2. Selecting an appropriate research design and data collection method, 
3. Properly implementing the study, 

4. Finally, using correct data analysis techniques for interpretation. 

In keeping with its positivistic tendencies, existing empirical work in the OM field has 

established survey research methodologies as being valuable and commonly used 
(Amoako-Gyampah & Meredith, 1989; Meredith, 1998; Scudder & Hill, 1998; 

Pannirselvam et al., 1999; Rungtusanatham et al., 2001). Rungtusanatham (1998) says 
that in recent years "remarkable progress has been demonstrated... by the quality and 

sophistication of the research endeavours" based upon survey research. 

Following in the line of most recent OM research, this study also aims to take a 

positivistic (or at least post-positivistic) position in its empirical focus. The study will 

make use of survey research methodologies since, on the whole, they have been 

established as having a very important role to play in the developmcni of the OM field of 
literature. Due attention will also be paid to the calls for improved quality and more 
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appropriate use of survey research in OM (Malhotra & Grover 1998; Rungtusanathan et 

al., 2001). 

4.1.1 Selecting an Appropriate Data Collection Methodology 

The main data collection methodologies available to the supply chain and operations 

management researcher include case studies (e. g. Voss et al., 2002), surveys (e. g. 
Frohlich, 2002) and simulation modelling (e. g. Bertrand & Fransoo, 2002). Other 

potentially useful methodologies include the use of experiments (e. g. Cook & Campbell, 

1979) and action research (e. g. Coughlan & Coghlan, 2002), though to the author's 
knowledge these have had limited application within the supply chain context due to 
implementation difficulties. 

McGrath (1982) describes how each of these major forms of research methodology has 

inherent strengths and weaknesses, and how the choice of method limits the conclusions 
that can be drawn. McGrath (1982) highlights the unavoidable "dilemmatic" trade-offs 
involved with selecting a specific research design as a "three-homed dilemma" relating 
to: 1. Generalisability over populations; 2. Precision of variable control; and 3. Realism 

of observational context. It is always desirable, ceteris paribus, to maximise these goals, 
but no single research methodology can fully achieve more than one. Survey 

methodology maximises the ability to generalise over populations- but at the expense of 

precision and realism. Simulation modelling maximises the ability for precision, but 

sacrifices generalisability and realism. Case and action research methodologies both 

ensure high levels of realism, however compromise on precision and generalisability. 

Recognising McGrath's (1982) overall strengths and limitations of each broad research 

option, Remenyi et al. (1998, p. 66) describe four main "factors to be considered when 

choosing an appropriate research methodology". Consideration of each of these factors 

resulted in the survey methodology being selected as the data collection methodology for 

this thesis. The contribution of each of the Remenyi et al. (1998, p. 66) factors to this 

decision are considered below: 

1. "The literature review should reveal not only a suitable problem to be researched but 

also a suitable methodology which has been applied to this type of research question in 

previous research projects. The topic to be researched and the specific research question 
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is one of the primary drivers in the choice of methodology. As a general rule, precedent 

should be followed. " 

The literature review in Chapter 2 of this thesis draws upon operations management, 
logistics and supply chain management research based upon case, survey and simulation- 
based methodologies. As such, any of these methodologies (with inherent strengths and 
limitations) could potentially have been appropriate for this doctoral study. Nevertheless, 

the review in Chapter 2 also indicates that whilst the supply chain literature is rich in 

simulation modelling and case-based methodologies (e. g. Armistead & Mapes, 1993; Lee 

et al., 1997a), a need has been identified for more empirically validated and generalisable 

models explaining the scope, form, costs and benefits of supply chain management 
(Croom et al., 2000). 

Furthermore, certain key papers identified the survey-based methodology as being the 

most suitable for this thesis. For example, the 'arcs of integration' research of Frohlich 

and Westbrook (200 1) investigated the impact of data and information sharing between 

supply chain partners using survey data. A fundamental basis for the development of the 

research questions in this thesis was the Frohlich and Westbrook (2001) conclusion that 

the degree and extent of supply chain integration is liable to evolve beyond data and 
information levels towards the sharing of opinions, expertise and knowledge. Thus the 

research questions developed from such literature lent themselves to investigation 

through survey data collection. 

Similarly, the development of research questions relating to supply chain competcnce 

was based upon the survey-based research of Narasimhan et al. (2001). It was 

particularly appropriate to adopt a survey data collection methodology for this part of the 

thesis, since the research questions addressed by Essay 2 were aimed at replicating and 

extending the Narasimhan et al. (2001) 'competence' framework. Replication 

necessitates the implementation of similar methodologies, and so, for this part of the 

thesis at least, data collection was restricted to survey methods. 

2. "The research culture in the university, business school or institute where the work 

will be conducted is an important determining factor, as is the skill and interest of the 

researcher's supervisor. " 
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Within London Business School all of the above research methodologies are applied with 
high academic success. Case study and survey-based methodologies are particular 

strengths within the Operations and Technology Management Department, and with the 

specific members of faculty associated with this doctoral research- Professors Chris Voss 

and Mark Frohlich. As acting supervisor, Professor Mark Frohlich's primary areas of 

skill and interest lie in the application and development of survey-based empirical data 

collection methodologies. 

3. "[Researchers] need to be able to satisfy their own ideological or ontological and 

epistemological preferences. " 

The previous discussions in Section 1.2 and above in Section 4.1 indicate how the 

author's personal background, ideological motivations and epistemological leanings 

towards quantitative and positivistic research fit into the broader operations field (as 

represented by key academic journals such as the Journal of Operations Management, 

Decision Sciences, Production and Operations Management, International Journal of 
Operations and Production Management. ) Therefore, whilst case-based research could 
have been an appropriate option for this thesis given the strengths within the LBS OTM 

department, the personal skills and preferences of the author were deemed to constitute a 
better fit with survey data collection methodologies. 

4. Remenyi et al. (1998, p. 66) conclude that the choice of methodology can be 

influenced by opportunities available and issues such as of time and money. 

Whilst issues such as time and money are always important, these were absolutely not of 

prime consideration in the selection of methodology for this thesis. Nevertheless, the 

occurrence of particular opportunities was important in the decision-making process. 
Early in the PhD programme, whilst still at the stage of considering which data collection 

methodology to select, I was fortunate to be invited by the LBS OTM faculty to 

administer the UK launch of the International Manufacturing Strategy Survey (IMSS). 

This was a tremendous opportunity to build-up academic skills in the survey data 

collection methodology. And since the opportunity only comes around once every four 

years the invitation was readily accepted. Therefore, in addition to the above criteria, the 

choice of a mail survey data collection methodology for the first essay was at least 

partially opportunistic. And having successfully implemented the IMSS mail survey and 

155 



obtained interesting results from subsequent data analysis, it was considered appropriate 
to extend the skills gained in mail survey data collection skills into other areas of 
telephone and web-based survey implementations. Finally, despite the high temptation to 

cross-validate the survey based research findings with multi-method 'triangulation' 

through case studies, the decision was taken instead to concentrate limited doctoral 

resources towards developing web-based survey methods with the aim of making 
f6cussed methodological contributions (see Section 8.2). 

Further to the above decision-making processes and criteria for selecting survey data 

collection methodologies, due consideration was also given to the inherent limitations of 

such research methodologies. As McGrath (1982) clearly indicates all research methods 
have their broad strengths and limitations in terms of general isability, precision and 

realism. Singleton and Straits (1999, p. 245) provide more specific uses and limitations 

of surveys. In terms of advantages, they state that: 

"Amongst all approaches to social research, surveys offer the most effective 
means of social description; they can provide extraordinarily detailed and precise 
information about large heterogeneous populations. By using probability 
sampling, one can be certain, within known limits of error, whether the responses 
to a sample survey accurately describe the larger target population. Further, the 
topics covered and the questions that may be included in surveys arc wide 
ranging. " 

Nevertheless, despite being a very efficient data gathering technique, there are clearly 

several specific limitations to survey research. One major disadvantage of surveys relates 
to their use in explanatory research. As Singleton and Straits (1999, p. 246) elaborate: 

"Beyond association between variables, the criteria for inferring cause-and effect 
relationships cannot be established as easily in surveys as in experiments. For 
example, the criterion of directionality- that a cause must influence its effect- is 
predetermined in experiments... But in most surveys this is often a matter of 
interpretation, since variables are measured at a single point in time. " 

Another important limitation of survey-based data collection relating to causal inferences 

concerns the "criterion of eliminating plausible rival explanations". Whilst extraneous 

variables can be held constant with methodologies such as experimentation, surveys must 
first anticipate and measure relevant extraneous variables and then exercise statistical 
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control over them in data analysis. Causal inferences from survey research are therefore 

generally made with less confidence than inferences from, say, experimental research. 

An additional limitation is that, whilst surveys are reasonably flexible with respect to 
topics of research, they also tend to be highly standardised and less adaptable than other 
research approaches to changing the course of research after the study has begun. That is, 

once the questionnaire is in the field, it is too late to make changes. 

A serious weakness that survey research shares with other methods is that it is 

susceptible to "reactivity" such as the tendency of respondents to give socially desirable 

answers to sensitive questions. This introduces systematic measurement error. 
Furthermore, survey research relies heavily upon reports of behaviour rather than 

observations of behaviour. As a consequence, measurement error may be introduced by 

respondents' lack of truthfulness, misunderstanding of questions, inability to recall past 

events accurately and instability of opinions and attitudes. 

Further limitations to survey data collection are represented by the inherent trade-offs 
between time and cost constraints and minimisation of four types of survey error: 
sampling error, measurement error, statistical conclusion error and internal validity error 
(Forza, 2002). Resource constraints can undoubtedly hamper survey research, but more 
importantly, failure to minimise each of these four errors "can and will lead to erroneous 

conclusions and regression rather than progress in contribution to theory" (Malhotra & 

Grover, 1998). 

Finally, survey administration involves a relatively brief encounter with any single 
targeted respondent Singleton and Straits (1999, p. 247). This does not provide a very 

good understanding of the context within which phenomena may be interpreted over an 

extended period of time. For such increased levels of contextual understanding, the best 

data collection approach is field-based research such as case studies. Remenyi et al. 
(1998, p. 57) state that: 

"As a general rule the nature of the evidence which may be collected by means of 
a questionnaire is regarded as relatively superficial, especially in comparison to 
the evidence that it is possible to collect from other techniques such as case 
studies or personal interviews. " 
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Remenyi et al. (1998, p. 159) conclude: "It should be accepted that no survey is perfect. " 

Whilst the above limitations and errors inherent in survey research cannot be completely 

avoided, their effects can often be reduced. The following Sections 4.1.2,4.1.3 and 4.1.4 

go on to consider the role survey research can play in theory development, and general 
'good practice' survey implementation strategies to minimise weaknesses associated with 
this methodology. Furthermore, limitations and guidelines for multivariate data analysis 

and interpretation are considered in Section 4.3. 

4.1.2 Survey Research and Theory Development 

There are two major types of survey research that can contribute to theory development 

(Kerlinger, 1986): 

1. Exploratory: where the objective is to become more familiar with the topic. There 
is usually no model in exploratory research and the concepts of interest need to be 
better understood and measured. Another type of exploratory survey research is 

referred to as 'descriptive'. This type of study has been described as 
indispensable in the early stages of studying a phenomenon as it develops the 

units that comprise theories. (Dubin, 1978). 

2. Explanatory: which is devoted to finding causal relationships among variables. It 

does so from theory-based expectations on how and why variables should be 

related. Hypotheses could be basic (i. e. relationships exist) or could be directional 
(i. e. positive or negative). Results are interpreted and in turn contribute to theory 
development. 

Malhotra and Grover (1998) consider the role of these types of survey research in 

advancing scientific knowledge and developing theory, and find that such survey 

research has three characteristics that distinguishes it from other field-based methods 

such as case studies: 

Survey research involves collection of information by asking people for 
information in some structured format- such as mail questionnaire, telephone 
interview, or Internet survey. 
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2. Survey research is usually a quantitative method that requires standardised 
information in order to define or describe variables, or to study relationships 
between variables. 

3. Information is gathered via a sample, which is a fraction of the population, with 

the need to be able to generalise findings from the sample to the population. 

Kerlinger (1986) define theory as "a set of interrelated constructs (concepts), definitions 

and propositions that present a systematic view of phenomena by specifying relationships 

among variables, with the purpose of explaining and predicting the phenomena. " 

Malhotra and Grover (1998) reason that this definition spans two domains: the 

theoretical domain and the operational domain. The relationship between these domains 

is shown in Figure 4.2 below. 

Regarding the role of survey research in theory building Malhotra and Grover (1998) 

conclude that "a middle ground involving symbiotic interaction between deductive and 
inductive approaches, theory building and testing, and exploratory and explanatory 

research, is probably the best representation of the scientific research cycle". 

As can be seen from Figure 4.2, the translation of latent constructs into measurable 

variables can introduce a number of errors. Survey research must work toward the 

reducing of these errors through careful adherence to norms or standards. Many errors 

result from poor survey implementation issues. The following section considers survey 
implementation methods with a view to ensuring quality data and high response rates. 
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Figure 4.2. The Link and Sources of Error Between the Thcoretical and 

Operational Domain in Survey Research 
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4.1.3 General Survey Implementation 

Dillman (1977) and Dillman (2000) investigate the best implementation methodologies 

to reduce overall survey error in different types of'survey- including mail, telephone and 

Internet surveys. lie designs the "Total Design Method", and later modifics it to the 

"Tailored Design Method". 

In essence these methods set-out procedures for conducting successful self-achninistercd 

surveys that produce both high quality information and high response rates. The most 

important concept underlying the Dillman (1977,2000) survey methods has to do with 
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applying social exchange ideas to understand why respondents do or do not respond to 

questionnaires. 

People are more likely to complete and return self-administered questionnaires if they 

trust that the rewards of doing so outweigh the costs they expect to incur. The Tailored 

Design Method is based on results from numerous experiments that either confirmed or 
failed to support the importance of certain elements of its predecessor, the Total Design 

Method. 

Many aspects of the Dillman's implementation methods are relevant to this doctoral 

study. These include: 

Common procedures essential to all mail, and most other types of self- 

administered surveys, including: 

Measurement question formulation 

Questionnaire construction 

Reducing non-response error via good practice procedures for implementation 

Coverage and sampling issues 

Tailoring common procedures for delivery by means other than mail 
Surveys in which the respondent reports for an organisation and not himself 

Electronic surveys 

Whilst inclusion of all these aspects is beyond the scope of this particular document, 

certain generic survey issues are considered in the following sub-sections. 

4.1.3.1 Survey Error 

The Dillman (1977) and Dillman (2000) methods aim to reduce what he sees as being the 
four major sources of survey error and their consequences: * 

1. Sampling error is a result of attempting to survey only some, not all, of the units 
in the population, 

2. Coverage error occurs when the list from which the sample is drawn does not 
include all the elements of the population, thus making it impossible to give all 
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elements of the population an equal or known chance of being included in the 

sample survey. 

3. Measurement error occurs when a respondent's answer to a question is 

inaccurate, imprecise, or cannot be compared in any useful way to other 

respondent's answers. This results from poor question wording and questionnaire 

construction, and is a particular concern in self-administered surveys. 
4. Non-response error occurs when a significant number of people in the survey 

sample do not respond to the questionnaire and have different characteristics 
from those who do respond, when these characteristics are important to the study. 

As Dillman (2000, p. 10) states: 

"Surveys can fail to achieve their objectives for any or all of these reasons... 
efforts to conduct any survey must begin with an understanding of the threat to 
precision and accuracy that stems simultaneously from these four cornerstones of 
survey research... none can be ignored. " 

4.1.3.2 Respondent Motivation and Multiple Attempts 

Looking at the theoretical foundations behind why and how people respond to self- 

administered surveys Dillman (2000) considers what constitutes wrong questions and 

misplaced emphases. He clarifies two key issues behind achieving quality survey 
implementation: 

1. Responding to a self-administered questionnaire involves not only cognition, but 

also motivation (Jenkins & Dillman, 1995; Jenkins & Dillman, 1997), and 
2. Multiple attempts are essential to achieving satisfactory response rates to self- 

administered surveys regardless of whether administered by c-mail, the web, or 

postal delivery (Scott, 1961; Heberlein & Baumgartner, 1978; Dillman, 1991) 

The first issue recognises that people must understand clearly what is wanted of them if 

they are to respond. Yet, there is more to getting a response than the four-stcp cognition 

model described by Tourangeau, and Rasinski (1988), which includes comprehension, 

retrieval, deciding and reporting. Dillman (2000) shows that people must be motivated to 

go through the process associated with understanding and answering each question and 

returning the questionnaire to the survey sponsor. This is especially important with self- 

administered surveys. 
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Regarding the motivation aspect of achieving good survey response, Dillman (2000, p. 
15-20) suggests that the following list of reward, cost and trust factors should be 

considered: 

0 Show positive regard 
Say thank you 
Ask for advice 
Support group values 
Give tangible rewards 
Make the questionnaire interesting 

" Give social validation 
" Inform respondents that opportunities to respond are scarce 
" Ways of reducing social costs 
" Avoid subordinating language 
" Avoid embarrassment 
" Avoid inconvenience 
" Make questionnaires appear short and easy 
" Minimize requests to obtain personal information 
" Keep requests similar to other requests to which a person has already 

responded. 
" Ways of establishing trust 
" Provide a token of appreciation in advance (includes stamps) 

Sponsorship by a legitimate authority 
Make the task appear important 
Invoke other exchange relationships 

4.1.3.3 Effective Survey Communication 

Considering the communication aspects of a paper-based survey, Dillman (2000, p. 24) 

states that visual layout and design are crucial: "Questionnaires are written in two 
languages. One language consists of words. The other consists of graphical symbols. " 

Therefore two aspects of a questionnaire must be developed and placed in concert with 

one another: 

1. Information organisation: the prescribed order in which we want people to 

process the words and other symbols used to convey the questions and all needed 
instructions to respondents. 

2. Navigational guides: the graphical symbols and layout used to visually direct 

people along a prescribed navigational path for completing the questionnaire. 

Similar mechanisms are also important for telephone and Internet surveys. 
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Of particular importance are the survey questions themselves. With regard to written 

questions, Dillman (2000, p. 32) states that: 

"The goal of writing a survey question for self-administration is to develop a 
query that every potential respondent will interpret in the same way, be able to 
respond to accurately, and be willing to answer. However, in practice, producing 
good results is often difficult... It is the need to consider many competing things 
at once that makes it difficult to write questions for self-administered surveys. " 

He goes on to say that survey questions fail in their purpose for many reasons, ranging 

from use of the wrong words or an inappropriate structure to simply not being 

answerable. 

Dillman (2000, p. 34-40) suggests that once a working draft of proposed survey 

questions and response choices has been prepared, the following eight inquiries should 

be posed for each question. Answers to these questions will help diagnose problems and 

guide towards structural and wording decisions that are appropriate for the study. 

Question 1: Does the question require an answer? 
Question 2: To what extent do survey recipients already have an accurate, ready- 

made answer for the question they are being asked to report? 
Question 3: Can people accurately recall and report past behaviours? 
Question 4: Is the respondent willing to reveal the requested information? 
Question 5: Will the respondent feel motivated to answer each question? 
Question 6: Is the respondent's understanding of response categories likely to be 

influenced by more than words? 
Question 7: Is the survey information being collected by more than one mode? 
Question 8: Is changing a question acceptable to the survey sponsor? 

In addition, certain question structures are more appropriate under certain circumstances. 
There are fundamentally only three ways in which a survey question can be structured: 

Open-ended: no answer choices are provided. These are frequently useful in self- 

administered surveys, but their usefulness depends upon the nature of the 

questions as well the way in which they are structured. 

2. Ordered response category closed ended: are most useful when there is a well- 

defined concept for which an evaluative response is wanted, unencumbered by 

thoughts of alternative or competing ideas. The list of scalar concepts that might 
be used to evaluate a concept or idea is almost endless. (e. g. strongly agree to 
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strongly disagree- answer choices such as these are referred to as "vague 

quantifiers") 

3. Un-ordered response category closed ended: Typically, closed-cnded questions 

with unordered categories are more difficult for respondents to answer because of 
the amount of information that must be processed. 

Each type can be useful in surveys, and each can pose particular challenges with regard 

to their effective communication. Shifting from one structure to another can be an 

effective tool for responding to the kinds of problems suggested above. 

4.1.4 'Good' Survey Research in Operations Management 

4.1.4.1 Ideal OM Survey Attributes 

"To effectively contribute to theory development in the production and operations 
management field, [survey] methodology must be carefully implemented. Poorly 
designed and executed survey research is of little or no value. " (Malhotra & 
Grover, 1998) 

In maturer fields like marketing, the issue of poorly implemented survey research has 

been catalogued: 

"Given the demonstrably poor quality of some of the measures that have been 
used in consumer behaviour research, researchers should be cautious about 
evaluating or comparing alternative theories based solely upon empirical 
evidence unless the appropriateness (validity) of some of the measures has been 
determined. " (Cote & Buckley, 1988) 

Malbotra and Grover (1998) state that these observations have major implications for 

theory building in the OM field. They provide a normative perspective on 'good survey 

research practices', drawing from work in other social science disciplines like 

psychology, marketing, organisational behaviour, and other related fields that are more 

mature in the use of surveys. They state that overlooking normative standards can be 

disastrous in that "no single finding in such a study can be trusted! " Their evaluation 

sets-out a list of ideal survey research attributes along with identifying questions- as 

summarised in Table 4.1. 
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Table 4.1 Ideal Attributes for OM Survey Research 

Attribute Identifying Question 
1. Is the unit of analysis clearly defined for the study? 

U it fA l sis 2. Does the instrumentation consistently reflect that unit of analysis? n o na y 3. Is the respondent(s) chosen appropriate for the research question? 
Triangulation 4. Is any form of triangulation used to cross-validate results? 

5. Are multi-item variables used? 
6. Is content validity assessed? 
7. Is field-based pretesting of measures performed? 

Measurement 8. Is reliability (internal consistency) assessed? 
Error 9. Is construct validity assessed? 

10. Is pilot data used for purifying measures or are existing validated 
measures adapted? 
I I. Are confirmatory methods used? 
12. Is the sample frame defined and justified? 
13. Is random sampling used from the sample frame? 

Sampling Erio. 14. Is the response rate over 20%? 
15. Is non-response bias estimated? 

Internal Validity 
Error 

16. Are attempts made to establish internal validity of the findings? 

Statistical 
Conclusion Error 

17. Is there sufficient statistical power to reduce statistical conclusion 
error? 

According to Hunter et al. (1983) and Flynn et al. (1990), any research should be carried 

out in such systematic and programmatic manner. 

4.1.4.2 Response Ratesfor OM Surveys 

"When a response rate is low a study is immediately open to legitimate concerns 
about non-response bias. Low response rates also waste precious research time 
and money in pursuing eventual non-participants. " (Frohlich, 2002) 

Survey response rate is formally defined as the number of completed questionnaires 

divided by the number of eligible sample members (Kviz, 1977). The main issue 

concerning response rates is that it has become "one of the primary yardsticks for 

judging successful survey research" in the OM field (Frohlich, 2002). 

Whilst low response rates are a very real concern in survey research, there are various 

techniques that the researcher can employ, and Frohlich (2002) recommends exploiting 

f6 every trick in the book" in certain circumstances in order to achieve an acceptable 

response. These techniques are surnmarised in Table 4.2. 
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Table 4.2 Techniques for Improving Response Rates 

Technique Definition 

Pre-Notice Brief advance letter or phone call to generate early interest 

Endorsement of survey by third party and/ or use of their logo 
Sponsorship 

on the survey 
Multiple waves of mailings, usually 2-3 waves with cover 

Multiple Mailings letters and extra surveys and/ or increasingly firm reminder 
letters 

Appeals Direct/ sincere request for help in the cover letter 
Results Offer in the cover letter to provide a copy of the results 
Steady Pressure Periodic calling and/ or mailings until manager says sorno 

Having a business partner/ contact like a major customer or the 
Leverage Design 

corporate office request survey completion 
Channelling the survey to the most appropriate/ interested 

Subject interest 
manager 

Pre-paid postage Including pre-paid postage return envelope 
Carefully spaced questions and survey laid out to look easy to 

Formatting do, put most interesting questions first 

Pre-tested survey 
A pilot to improve readability, question order, and remove 
ambiguous questions 
Using, where possible, reliable prior scales and therefore 

Existing scales I having to ask fewer questions. 

It is not so much the application of these techniques individually that result in improved 

survey response- but more the combined effect of employing as many techniques as is 

considered appropriate in a given survey implementation. 

In different circumstances different survey methodologies are appropriate. The following 

section goes on to consider the actual data collection methodologies used for each of the 

proposed research frameworks in Chapter 3 and essays developed in Chapters 5,6 and 7. 

4.2 DATA COLLECTION 

This section introduces the specific mail, telephone and Internet survey methodologies 

chosen to collect data for each of the respective essays developed in Chapters 5,6 and 7. 

Further methodological issues relating to survey design and implementation, sampling 

procedures, measurement, operationalisation of variables and missing data arc discussed 

within the context of each essay. 
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Survey administration, protocol information and questionnaire items not covered in this 

section or the relevant essay sections are included in Appendices I to 5. 

4.2.1 Data Collection for Essay 1: Existing Mail Survey 

Given the exploratory nature of this first research essay, it was considered most 

appropriate to make use of an existing research network- the International Manufacturing 

Strategy Survey (IMSS). This was considered particularly appropriate since the main 
focus of the existing IMSS survey network is to test broad hypotheses relating to the 

effect of operational strategies, practices and procedures upon the operational and 

business performance of manufacturing-oriented companies. Several excellent 

publications have been based upon previous IMSS data collections (e. g. see Voss & 

Blackmon, 1998; Ettlie, 1998; Frohlich & Westbrook, 2001). 

4. Z LI The 2001 IMSS Mail Survey 

The International Manufacturing Strategy Survey (IMSS) evolved from other surveys in 

1993, to provide the research community with information on how manufacturing firms 

face serious challenges under different national and industrial contexts. The survey is 

carried out every 2 to 3 years, with the previous survey being conducted in 1998. The 

IMSS has covered up to 23 countries, with the participation of 25 leading academic 

institutions and 703 firms. The survey is designed to explore and identify the strategies 

and practices utilised by manufacturing firms around the world. 

The IMSS survey is posed to the Director of Operations/ Manufacturing of selected 'best 

practise' companies and is divided into several sections. The overall model for the IMSS 

research survey is shown in Figure 4.3. 

Figure 4.3 Research Model for Intemational Manufacturing Strategy Survey 
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4. Z1.2 Operationalisation of Variables 

Prior to carrying out the data collection, question items in the existing IMSS survey 
instrument were reviewed for usefulness for this doctoral study, and the following 

sections were considered particularly appropriate for operationalisation of dependent, 

independent and control variables: 

Section A: Strategies, objectives and costs 
Section B: Current manufacturing and integration practices and initiatives 

Section D: Manufacturing Performance 

Existing survey items were carefully selected to capture the appropriate constructs for 

'performance' and both the structural and procedural dimensions of 'knowledge 

transfer'- as per the previous definitions. The survey items and operationalisation of 

variables are discussed within the first essay in Chapter 5, Section 5.4. 

4.2.1.3 Mail Questionnaire Administration 

To improve reliability and scientific robustness of the global IMSS database, guidelines 

were issued aimed at uniformity in the way the survey was managed around the global 

network. The guidelines were generic enough to leave some degrees of freedom to the 

national research groups- allowing them to customise the methodology to suit the local 

specificity and needs. The process of survey management was articulated in 5 main steps 

relating to: 

1. Population Definition: ISIC Division 38- Manufacture of Metal 
Products, Machinery and Equipment 

2. Sample Selection 

3. Survey Planning and Management 

4. Data Quality Control 

5. UK Specific IMSS Methodology 

Appendix I further details the IMSS survey administration procedures and protocol. 
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4. ZI. 4 Data Collected 

The UK response sample is as shown in Table 4.3. 

Table 4.3 Breakdown by Sector of UK IMSS Sample 

ISIC sector No. of companies 
381 20 
382 9 
383 9 
384 4 
385 4 

Don't know I 
Total 47 

Total non-respondents summed 57. The overall UK response rate was 45.19%. Of those 

responding, 10 had responded to the 1997 IMSS survey- providing some possibilities for 

longitudinal research. Data was collected following the IMSS guidelines, and using the 
latest existing version of a mail questionnaire instrument. Due to delays in data collection 
from other institutions, an early release of the IMSS data was used for exploratory 

analysis. The above UK data was added to that of the participating countries shown in 

Table 4.4. 

Table 4.4 IMSS Survey Responses Per Participating ColLntry 

Country Responses 
Argentina 14 

UK 47 
Hungary 58 
Norway 51 
Germany 32 
Ireland 32 

Italy 60 
Denmark 38 
Australia 33 

Spain 20 

Total 385 

To control for regional variations, the data from Australia and Argentina was removed 
for the analysis in Essay I (Chapter 5). The total sample used for Essay I thus consisted 

of 338 manufacturers and the response rate was over 20 percent. 
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4.2.2 Data Collection for Essay 2: Telephone Survey 

4. ZZI The "European SpendAgenda" Telephone Survey 

As previously discussed in Section 3.4.2, particularly good opportunities exist for 

comparisons between the upstream, supplier side of manufacturing and service supply 

chain contexts. In the light of this, a leading role was taken in the creation and annual 
implementation of a longitudinal telephone survey of large corporate purchasing. The 

'European Spend Agenda' survey was conceived with the aim of identifying core 
themes, targets, obstacles and opportunities facing the purchasing function within large 

modem manufacturing and service organisations. The project was sponsored by 'Ariba'- 

a leading commercial purchasing software provider, and launched in the UK, France, 

Germany, Italy and Benelux. The telephone delivery of the survey was conducted 
through a reputable commercial market research f irm- 'Vanson Bourne'. 

In line with the research framework for Essay 2 formulated in Chapter 3, the telephone 

survey instrument was specifically designed and implemented to capture appropriate and 

quality data corresponding to the required dimensions of supply chain 'purchasing 

competence' and performance in manufacturing and service supply chain contexts. 

4.2. Z2 Operationalisation of Variables 

Survey items were created for the 'purchasing competence' independent variable, in 

strict accordance with the existing work of Narasimhan ct al. (2001). The resulting 

survey questions covered each of the Narasimhan et al. (2001) purchasing competence 
dimensions- and additionally, the dimension 'IT Competence'. 

Survey items were also created for the purchasing performance dependent variables 
following the work of Chao et al. (1993). A combination of the most important Chao et 

al. (1993) objective and subjective measures were included as survey items. 

The full survey instrument, as delivered by a trained telephone researcher, is reproduced 
in Appendix 2. 
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4. Z2.3 Telephone Survey Administration 

Best practice guidelines were formulated and followed to ensure uniformity in the way 
the survey was managed and implemented by the commercial market research firm 

across manufacturing and service companies and the different countries involved. Details 

relating to population definition, sample selection, survey planning and management and 
data quality control for the telephone survey design and implementation are outlined in 

Essay 2 Section 6.4 and in Appendix 3. 

4. ZZ4 Data Collected 

Table 4.5 shows the individual country sampling to achieve a total final sample size of 
200 manufacturing and financial services responses. The table also indicates the standard 

method for calculating response rates in such telephone surveys. 

Table 4.5 Overall Sample Responses per Country 

A. B. C. D. E. F. G. 
Total Interviews Refusals Callbacks Rejected Unused Response rate 
Sample completed (not sample (B/(A-E-F) 

Country supplied qualifying) 
Germany 458 50 83 33 0 292 30% 
France 407 50 84 115 19 139 20% 
Italy 619 25 46 89 14 445 16% 
Benelux 287 25 50 69 10 133 17% 
UK 409 50 48 60 5 246 32% 
Overall 2180 200 311 366 48 1255 23% 

Further analysis of responses and aspects relating to the collection of this telephone 

survey data are discussed in Essay 2, Section 6.4. 

4.2.3 Data Collection for Essay 3: Internet Survey 

4. Z3.1 The Supply Chain Operational Performance Evaluator (SCOPE) 

Online Survey 

For the last data collection, an Internet survey approach was selected. One reason for 

choosing this approach was to increase motivation of targeted respondents to take part in 

the survey and thus maintain high response rates. In particular, in order to stimulate 

practitioner interest the online survey was programmed to provide real-time feedback of 
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the participant's scores as they progress through the survey. The online feedback charts 

compare their scores with the 'best-in-sector' and sector mean. Furthermore, in line with 

the suggestions of Frohlich and Done (2004) it was felt that such an approach would lay 

a foundation for interesting areas of exploration beyond the current doctoral research. For 

example, the author aims to use online survey methods to take the first tentative steps 

towards expanding the unit of analysis to the whole supply chain. Whilst this is clearly 
beyond the scope of this research study, the current early form of the SCOPE online 

survey is appropriate for investigating the underlying dimensions of supply chain 

maturity, as previously outlined. The Healthcare sector is identified as an ideal sector to 

commence data collection and analysis with this interactive survey instrument. 

To fully detail the contents of the SCOPE online survey is beyond the space limitations 

of this dissertation document- nevertheless, it can be accessed via Internet Explorer at the 
following URL address: http: //scope. london. edLI/liealthcare 

To enter the real-time, interactive survey please enter the following when prompted for 
your email address: [yournamel@test. com 

Select "New User" and enter the following password (twice): testl 01 

4. Z3.2 Operationalisation of Variables - 

As previously discussed in Chapter 3, the 'maturity' construct is composed of both 

knowledge management dimensions and supply chain practice dimensions. It is 

operationalised by asking questions regarding the extent to which the company 

collaborates and shares knowledge with supply chain partners across each of the Supply 

Chain Council (2004) SCOR model areas of Plan, Source, Deliver, Make, New Product 

Development and Returns. These questions were formulated following a comprehensive 

review of the practitioner and academic literatures. Similarly, a series of operational 

performance measures were adopted from the literature and included in the online survey 

instrument. 

Whilst a full representation of the interactive and adaptive online survey instrument is 

not possible within the space constraints of this document, the embedded survey items 

used to collect data for analysis are listed in Appendix 4. 
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4. Z 3.3 Online Survey Administration 

The survey was designed, programmed, developed and pre-tested in several phases over 
12 months for both functionality and content suitability. In addition a pilot test was 

conducted to ensure practitioner usability and appropriateness for generating quality 

academic empirical data. Preliminary analyses were conducted to confirm that the data 

generated was suitable for creating the proposed valid and reliable parsimonious supply 

chain maturity scales. The pilot study also confirmed a high interest level amongst 

practitioners to take part in the survey. The pilot test identified a few m. inor wording 
improvements and two insignificant survey items. These were dropped from subsequent 

releases in the interests of survey brevity. 

Details relating to population definition, sample selection, survey planning and 

management and data quality control for the online survey administration are outlined in 

Essay 3 section 7.4 and in Appendix 5. 

4. Z3.4 Data Collected 

Table 4.6 shows the individual sub-sector sampling and also indicates the standard 

method for calculating response rates. 

Table 4.6 Analysis of Healthcare Product Supplier Samples and Response Rates 

Sub-Sector 

A. 
Total 
Supply 
Base 
Considered 

B. 
Rejected 
(non- 
product 
suppliers) 

C. 
Out-of- 
date 
contacts 

D. 
Total 
Companies 
Contacted 
(A-B-C) 

E. 
Total 
Surveys 
Completed 

F. 
Response 
Rate 
(E/D) 

Diagnostic & Medical 135 18 15 102 30 29.4% 
Food and Nutrition 109 21 27 61 15 24.6% 
Facilities/ Utilities 195 71 41 83 12 14.5% 
Pharmaceuticals 187 37 55 95 13 13.7% 
Office Services 61 33 4 24 9 37.5% 
Rehabilitation Services 174 125 30 19 6 31.6% 
Textiles & Domestics 68 21 17 30 11 36.7% 
IT 193 114 51 28 10 35.7% 
Medical & Surgical 209 59 48 102 33 32.4% 
Other 280 155 73 52 15 28.8% 
Overall 1611 654 361 596 154 25.8% 

A total of 596 Supply Chain Managers and Directors from all relevant healthcare product 

supplier categories were invited to access the online survey. From these, 154 full 
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responses were obtained, constituting a good overall response rate of 25.8%. Whilst 

response rates did vary across the supplier categories this was within acceptable limits, 

and each product category was adequately represented in the final respondent sample. 
This data collection is discussed further in Essay 3, Section 7.4. 

4.3 DATA ANALYSIS 

From the literature, it is clear that empirical survey data is best analysed by multivariate 
techniques. As Gatty (1966) states: 

"For the purposes of.. any... applied field, most of our tools are, or should be, 
multivariate. One is pushed to a conclusion that unless a ... problem is treated as 
a multivariate problem it is treated superficially. " 

Hardyck and Petrinovich (1976) go further: 

"Multivariate analysis methods will predominate in the future and will result in 
drastic changes in the manner in which research workers think about problems 
and how they design their research. These methods make it possible to ask 
specific and precise questions of considerable complexity in natural settings. This 
makes it possible to conduct theoretically significant research and to evaluate the 
effects of naturally occurring parametric variations in the context in which they 
normally occur. In this way, the natural correlations among the manifold 
influences can be studied statistically without causing a typical isolation of either 
individuals or variables. " 

Hair et al. (199 8, p. 4) state: 

"It is only through multivariate techniques that multiple relationships... can be 
adequately examined to obtain a more complete, realistic understanding... " 

Whilst the actual data analysis is undertaken within each of the three essays, the 
following section overviews particularly relevant multivariate analysis techniques. 

4.3.1 Multivariate Analysis 

Hair et al. (1998, p. 6) broadly define multivariate analysis as all statistical methods that 

simultaneously analyse multiple measurements on each individual or object under 
investigation. To be considered truly multivariate, and not just multivariable, all the 

variables must be random and interrelated in such ways that their different effects cannot 

meaningfully be interpreted separately. The purpose of multivariate analysis is to 

measure, explain and predict the degree of relationship among variates. Thus the 
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multivariate character lies in the multiple variates (multiple combinations of variables), 

and not only in the number of variables or observations. 

4.3.1.1 Types of Multivariate Techniques 

The following multivariate analysis techniques (Hair et al., 1998; Cohen et al., 2003) 

prove to be particularly useful in the analysis of the data collected from the above three 

surveys. 

Principle Components and Common Factor Analysis 

Factor analysis (including principle component and common factor analysis) is a 

statistical approach that can be used to analyse interrelationships among a large number 

of variables and to explain these variables in terms of their underlying dimensions- or 
factors. The objective is to find a way of condensing the information contained in a 

number of original variables into a smaller set of variates (factors) with a minimum loss 

of information. By providing an empirical estimate of the structure of the variables 

considered, factor analysis becomes an objective basis for creating summated scales. 

Multiple Regression 

Multiple regression is the appropriate method of analysis when the research problem 
involves a single metric dependent variable presumed to be related to two or more metric 
independent variables. The objective of multiple regression analysis is to predict the 

changes in the dependent variable in response to changes in the independent variables. 
This objective is most oftep achieved through the statistical rule of least squares. 

Whenever the researcher is interested in predicting the amount or magnitude of the 
dependent variable, multiple regression is useful. For example, monthly expenditures on 
dining out (dependent variable) might be predicted from information on a family's 

income, its size, and the age of the head of household (independent variables). 

Structural Equation Modelling 

Structural equation modelling, often referred to simply as LISREL (the name of one of 
the more popular software packages), is a technique that allows separate relationships for 
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each of a set of dependent variables. In its simplest sense, structural equation modelling 

provides the appropriate and most efficient estimation technique for a series of separate 

multiple regression equations estimated simultaneously. It is characterized by two basic 

components: 

1) The structura I model 
2) The measurement model. 

The structural model is the "path" model, which relates independent to dependent 

variables. In such situations, theory, prior experience, or other guidelines allow the 

researcher to distinguish which independent variables predict each dependent variable. 
Models discussed previously that accommodate multiple dependent variables- 

multivariate analysis of variance and canonical correlation-are not applicable in this 

situation because they allow only a single relationship between dependent and 
independent variables. 

The measurement model allows the researcher to use several variables (indicators) for a 
single independent or dependent variable. For example, the dependent variable might be 

a concept represented by a summated scale, such as self-esteem. In the measurement 

model the researcher can assess the contribution of each scale item as well as incorporate 

how well the scale measures the concept (reliability) into the estimation of the 

relationships between dependent and independent variables. This procedure is similar to 

performing a factor analysis of the scale items and using the factor scores in the 

regression. 

Canonical and Set Correlation 

Canonical correlation analysis can be viewed as a logical extension of multiple 

regression analysis. Multiple regression analysis involves a single metric dependent 

variable and several metric independent variables. With canonical analysis, the objective 
is to correlate simultaneously several metric dependent variables and several metric 
independent variables. Whereas multiple regression involves a single dependent variable, 

canonical correlation involves multiple dependent variables. The underlying principle is 

to develop a linear combination of each set of variables (independent and dependent) to 

maximise the correlation between the two sets. Stated differently, the procedure involves 

obtaining a set of weights for the dependent and independent variables that provide the 
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maximum simple correlation between the set of dependent variables and the set of 
independent variables. 

The technique of set correlation analysis provides a further extension to canonical 
correlation and addresses the two weaknesses of the canonical technique. Firstly, set 
correlation provides a single measure of strength of the overall relationship between 

dependent and independent variables; and secondly, set correlation analysis offers greater 
scope in terms of understanding the nature of these relationships. In these respects, the 
technique of set correlation analysis is a sophisticated methodology that provides a single 
framework of measures of association, parameter estimation, hypothesis testing, and 

statistical power analysis that encompasses most of the standard data-analytic methods 
(Cohen et al., 2003, p. 609). 

4.3.2 Guidelines for Multivariate Analyses and Interpretation 

Hair et al. (1998, p. 22) outline the usefulness of multivariate methods, yet are also 

careful to caution their use without the requisite conceptual foundation to support the 

selected technique. They reason that analysis and interpretation of any multivariate 

problem can be helped by following a set of general guidelines, and set out a "philosophy 

of multivariate analysis" that includes: 

Establish Practical significance as well as Statistical Simificance: Practical 

significance asks the question "So what? " For any managerial application, the 

results must have a demonstrable effect that justifies action. In academic settings, 

research is becoming more focused on not only the statistically significant results, 
but also their substantive and theoretical implications, which are many times 
drawn from their practical significance. " 

Sample size affects all results: For smaller samples, the sophistication and 
complexity of the multivariate technique may easily result in either a) too little 

statistical power for the test to realistically identify significant results, or b) too 

easily an "overfitting" of the data such that the results are artificially good 
because they fit the sample very well, yet have no gencralisability. 
Know your data: Multivariate analysis require a rigorous examination of data 
because of the influence of outliers, violations of assumptions, and missing data 

can be compounded across several variables to have quite substantial effects. The 
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multivariate researcher must take the time to use diagnostic techniques for a 

greater understanding of the data and the basic relationships that exist. 

Strive for Model ParsimoLi3L "Multivariate techniques are designed to 

accommodate multiple variables in the analysis. This feature, however, should 

not substitute for conceptual model development before the multivariate 

techniques are applied. Although it is always more important to avoid omitting a 

critical predictor variable, termed specification error, for several reasons the 

researcher must also avoid inserting variables indiscriminately and letting the 

multivariate technique "sort out" the relevant variables. " Firstly, irrelevant 

variables increase the technique's ability to fit the sample data- but at the expense 

of overfitting the data and making them less generalisable to the population. 

Secondly, irrelevant variables do not typically bias the estimates of the relevant 

variables, but they can mask the true effects because of multicollinearity. As 

multicollinearity rises, the ability to define any variable's effect is diminished. 

Thus including variables that are conceptually irrelevant can have harmful effects 

even if they do not directly bias the model results. 
Look for errors: Errors (e. g. the residuals in regression analysis, outliers in cluster 

analysis) should not be looked upon as a measure of failure or merely something 

to eliminate, but as a starting point for diagnosing the validity of the obtained 

results and an indication of the remaining unexplained relationships. 
Validate your results: One of several methods: a) splitting the sample and using 

one sub-samýle to estimate the model and the second sub sample to estimate the 

predictive accuracy, b) employing a "bootstrapping" technique, c) gathering a 

separate sample to ensure that the results are appropriate for other samples. The 

researcher must strive not only to estimate a significant model but to ensure that it 

is representative of the population as a whole. 

4.3.3 Examining the Data 

Careful examination of the raw survey data prior to conducting multivariatc analysis 

needs to be carried out with the aim of creating a data set that would lead to better 

prediction and more accurate assessment of dimensionality. In particular, the issue of 

missing data needs to be addressed. 
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"Missing data are a fact of life in multivariate analysis; in fact, rarely does the 
researcher avoid some form of missing data problem. For this reason, the 
researcher's challenge is to address the issues raised by missing data that affect 
the generalisability of results. To do so, the researcher's primary concern is to 
determine the reasons underlying the missing data, with the extent of missing data 
being a secondary issue in most instances. This need to focus on the reasons for 
missing data comes from the fact that the researcher must understand the 
processes leading to the missing data in order to select the appropriate course of 
action. " (Hair et al., 1998, p. 46) 

Tsikriktsis (2002) says that researchers should not fall into the trap of listwise deletion 

that provides a "quick and easy fix". Listwise deletion reduces statistical power and 

accuracy more than many other techniques. Instead, he suggests researchers should 

consider the recommendations in Table 4.7. 

Table 4.7 Techniques to Deal With Relevant Pattems of Missing Data 

Pattern 
Amount of 

missing data Missing completely at Missin at random 9 Non-missing at random random 
1) Pairwise 1) Hot-deck 1) ML 

' 2) Regression or hot-deck 2) ML 2) Hot-deck or Less that 10% 3) Regression regression 

More than 
1) Pairwise 1) Hot-deck 1) ML 

10% 2) Regression or hot-deck 2) ML 

Notes: a) The preferred order of the missing data -techniques is denoted by the number in front of each 
technique. b) The above table is based on original work by Roth (1994). 

4.4 SUMMARY 

This chapter outlines the methodological approaches taken in order to investigate the 

research model proposed in Chapter 3. A research strategy was formulated consistent 

with appropriate philosophical and epistemological research considerations set out by 

seminal operations management, business and social research guidelines. The research 
design of this study fits with the largely positivistic nature of existing OM research and is 

based upon the collection and analysis of quantitative empirical data. In attempting to 

contribute to the rigorous OM literature the research design takes account of the 

scientific process of theory driven hypotheses being checked against observed facts to 

produce generalisations that support, contradict or modify the original theory. 
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Survey research methodologies have proved to be particularly valuable in this respect in 

the OM field, and as such, were chosen as the basis for this doctoral investigation. The 

role of exploratory and explanatory survey research in theory development were 

considered, and due regard given to the important issue of linking theoretical and 

operational domains. Also specific survey implementation procedures were addressed 

with a view to i) reducing overall survey error, ii) attaining high response rates and iii) 

effectively communicating the intended survey items. The research design also 

accounted for "good" survey research attributes and techniques for achieving adequate 

response rates in OM research. This highlighted the need for different survey 

methodologies tailored to meet different research goals. 

Thus three separate survey data collections were conducted corresponding to each of the 

three research questions and essays framed in Chapter 3 and developed in Chapters 5,6 

and 7. Issues such as variable operationalisation and survey administration were treated 

totally distinctly for each survey, the major characteristics of which were as follows: 

Mail Survey for Essay 1: An exploratory survey exercise capitalised upon the 

established International Manufacturing Strategy Survey (IMSS) network. A total 

of 385 manufacturing companies corresponding to ISIC division 38 were 

surveyed across 10 countries. The overall response rate was over 20% whilst the 

specific UK survey administration resulted in a 45% response rate. 

2. Telephone Survey for Essay 2: A purpose-designcd survey to capture specific 

competence and performance measures across manufacturing and service 

contexts. A total of 200 high-turnover European companies, divided equally 
between manufacturing and financial service sectors were surveyed. With the 

support of a commercial market research firm best practice was followed, 

resulting in a good response rate of 23%. 

3. Internet Survey for EssU-3. - An innovative web-based survey developed as part 
of this doctoral investigation with the intent of advancing supply chain research 
methodologies. The aim was to design a survey instrument to collect data for 
Essay 3 (in addition to laying the foundation for interesting areas of investigation 

beyond the current doctoral investigation. ) The adaptive survey instrument 

allowed for differing supply chain operational configurations and appropriate 
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practices. A total of 154 product suppliers to the UK Healthcare service sector 
were surveyed across the various supply classifications and an overall good 

response rate of 26% was achieved. 

With regard to examining, analysing and interpreting the data collected, various 

guidelines and multivariate techniques were considered. The following multivariate 
techniques were judged to be of particular relevance and usefulness for the purposes of 
this doctoral investigation: 

a. Principle components and common factor analysis 
b. Multiple regression 

C. Structural equation modelling 
d. Canonical and set correlation analysis. 

The following Chapters 5,6 and 7 use the methods described in this chapter to 
investigate the research questions and to develop the essays framed in Chapter 3. Overall 

conclusions are presented in Chapter 8. 
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CHAPTER 5- ESSAY 1: 

INVESTIGATING EXPLICIT KNOWLEDGE TRANSFER 
IN MANUFACTURING SUPPLY CHAINS 

5.1 INTRODUCTION 

Growing evidence suggests that companies must efficiently and effectively create, 

capture, and share knowledge in' order to solve problems and exploit opportunities 
(Brown & Duguid, 1991; Drucker, 1991; Kogut. & Zander, 1992; Davenport et al., 
1996). Unfortunately, most organizations find that successful knowledge management is 

an uphill struggle and its benefits elusive (Heibelcr, 1996; Payne, 1996). Consequently, 

this field has become one of the most hotly debated yet least understood topics in 

business today (Hult, 2003). 

While theoretical work such as Nonaka (1994) has started unravelling the riddles of 
internally generated knowledge, our understanding about externally created knowledge is 

still relatively weak. There is an especially notable gap in the knowledge management 
literature from an integrated upstream and downstream supply chain perspective (Hult et 

al., 1999). Despite the apparent synergies between the areas, to date limited work has 

been carried out that applies relevant supply chain concepts to the field of knowledge 

management, and vice versa for that which applies a knowledge perspective to the field 

of supply chain management. Just as Bowersox et al. (2000) predicted, knowledge based 

learning is becoming a key to revolutionizing 21' century supply chains, and yet many 

questions still remain unanswered about the topic. 

investigation of external knowledge is especially important for two reasons. First, there 

is a need to develop a finer-grained understanding of the transfer processes involved in 

coordinating and sharing inter-organizational knowledge between external partners in the 

supply chain (Hult et al., 2000). Notably, a better understanding of the coordination of 
knowledge between suppliers and customers will extend previous work like Cohen and 
Levinthal (1990), Mowery et al. (1996), Ingram and Baum (1997), and Ahuja (2000) that 
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considered the acquisition of 'generic' knowledge from somewhere in an organization's 

surrounding environment. 

Second, the supplier - manufacturer - customer triad needs to be considered in unison, 

and the possible directional implications of knowledge transfer merit greater 
investigation. The limited existing work in this area has generally focused on knowledge 

transfer from either the supply side or the customer side of a manufacturer (Schonberger, 

1990; Slater & Narver, 1995; Hult et al., 2000; Ulwick, 2002) but rarely takes a more 
integrated supply chain perspective of simultaneous upstream and downstream flows. 

Hence, there remains the need to compare each of these directions of knowledge transfer 

in one single piece of work. Frohlich and Westbrook (2001) raised the question "is it 

more important to link with suppliers, customers or both? " and this question has not yet 

been addressed from a knowledge perspective. While both Huber (1991) and Gupta and 
Govindarajan (2000) reference knowledge "richness", no research has so far isolated the 

comparative richness of external knowledge emanating from upstream versus 
downstream in the supply chain. 

This essay aims to make distinct theoretical contributions and identify managerial 
implications by linking the knowledge management and supply chain management 

streams. The knowledge management literature recognises two forms of knowledge: 

explicit, codified knowledge and tacit 'know-how' (Polyani, 1966; Brown & Duguid, 

1991; Romer, 1995). Both explicit and tacit forms of knowledge are important and 

constitute the information, opinions and expertise present within organisations (Nonaka, 

1994). Recent studies have investigated both explicit and tacit components of knowledge 

within organisations (e. g. Edmondson et al., 2003). Yet, this investigation focuses upon 

explicit knowledge since it plays an increasing role for modem organizations and is more 

precisely formulated and articulated thus enabling accurate empirical analysis (Zack, 

1999). Within a supply chain context explicit knowledge incorporates, and goes beyond, 

the provision of operating data and information to suppliers and customers to include 

both 'declarative' and 'procedural' knowledge components (Kogut & Zander, 1992). 

Declarative explicit knowledge transfers between organisations include shared inventory 

and delivery information. Procedural explicit knowledge transfers include joint activities 

such as planning and forecasting, and shared methods such as Kanban. Using 

manufacturers positioned between suppliers and customers as the unit of analysis, we 
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developed a model that investigated the impact upon perfonnance of upstream and 
downstream explicit knowledge. 

The next section of this chapter reviews the literature on knowledge and supply chain 

management and develops specific hypotheses concerning their relationships. 
Subsequent sections describe the data and hypotheses tests, discuss the results, draw 

conclusions, and consider the managerial implications. The last section outlines 

suggestions for further research. 

5.2 EXPLICIT KNOWLEDGE IN THE SUPPLY CHAIN 

Building upon earlier works such as MacKay (1969), Churchman (197 1), Bruner (1973), 

Bobrow and Collins (1975), Matchlup (1980), and Dretske (1981), Zack (1999) offers a 

refined explanation and definition of explicit knowledge. He defines this form of 
knowledge as being distinct from data and information in that it "can be viewed both as a 

thing to be stored and manipulated and as a process of simultaneously knowing and 

acting - that is, applying expertise. " 

When combined with the work of Kogut and Zander (1992) and Albino et al. (1999), 

Zack's (1999) definition suggests two dimensions to explicit knowledge in the supply 

chain. The first dimension involves the 'declarative' or 'structural' elements of storing 

and sharing knowledge related to issues such as inventory levels, production plans and 
delivery frequencies. The second explicit knowledge dimension involves the 'procedural' 

elements of coordinating, planning, and forecasting between partners in the supply chain, 

as well as shared methods such as Kanban. Similarly, Handfield and Nichols (1999), Hill 

(2000), and Chase et al. (2001) note in their definitions of supply chain management that 
knowledge storing/sharing systems, procedural activities and application of combined 

expertise are integral to supply chain partnerships. In short, explicit knowledge is 

generated and transferred in supply chains and this knowledge needs to be effectively 

managed. 

While there is evidence in the literature that organizational knowledge is an important 

determinant of competitiveness (Brown & Duguid, 1991; Kogut & Zander, 1992; 

Davenport et al., 1996; Quinn et al., 1996) not all knowledge creation, capture, and 
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distribution are equal. Some studies have demonstrated the value of looking beyond the 
boundaries of the organization in order to capture beneficial knowledge (Cohen & 

Levinthal, 1990; Hagedoom & Schekenraad, 1994; Mowery et al., 1996; Hansen, 1999; 

Ahuja, 2000). 

Others highlight the dangers of only searching inwards for beneficial knowledge. Brown 

and Duguid (1991) reported on the emergence of unified internal working, learning, and 
innovating practices that become a performance limiting phenomena. Ingram and Baum 

(1997) demonstrated that a firm can develop knowledge internally that is beneficial to its 

capacity to compete in a changing environment - but in the long run this can lead to 

dcompetency traps' that diminish performance. Levinthal and March (1993) warned that 

an organization that does not look externally for new knowledge is in danger of 
becoming 'myopic'. Similarly, over exploiting internal knowledge can be self- 
destructive in the long run and lead to corporate 'inertia' (Miller & Chen, 1994). 

At the same time, the supply chain literature notes the benefits of sharing information 

with and coordinating activities between supply chain partners in order to overcome 

problems (Davis, 1993; Fisher et al., 1994; Fisher, 1997; Lee et al., 1997a; Magretta, 

1998). The importance of suppliers and customers as potential sources of beneficial 

knowledge becomes even more apparent when considering that these are usually the 

most aligned towards the mutual objectives of a manufacturer of all external 

organizations. Hence there is more chance of success in terms of knowledge adoption 
from these sources than from any others (Cohen & Levinthal, 1990; Almeida, 1996; 

Dussuage et al., 2000). 

In summary, the knowledge management and supply chain literature parallel each other 
in the proposition that external explicit, codified knowledge shared and coordinated 
between supply chain partners significantly benefits internal organizational efficiency. 
This proposition warrants further analysis of the links between external explicit 
knowledge in the supply chain and improved organizational efficiency. The next section 

therefore moves on to develop finer-tuned hypotheses regarding explicit knowledge 

sharing and coordination activities with specific upstream, downstream, and integrated 

supply chain sources. 
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5.3 CONCEPTUAL MODEL AND HYPOTHESES 
DEVELOPMENT 

The evolving supply chain literature, and some knowledge based research, has taken the 

general 'external' viewpoint further. While showing that externally focused efforts can 

have dramatic effect upon organizational efficiency and performance, it also 

demonstrates the need for refining research on explicit knowledge flows in specific parts 

and directions in the supply chain. In this regard, we used the conceptual framework in 

Figure 5.1 in order to develop more refined hypotheses. The framework is that of a 

manufacturing company in a three-member supply chain. Potentially valuable external 

explicit knowledge can be acquired by the focal manufacturer from either upstream 

suppliers or downstream customers. That is, there is potential positive explicit knowledge 

inflow from upstream and downstream. As discussed above, while there are other 

external sources of potentially beneficial explicit knowledge, these are likely to be the 

major ones since arguably the strongest external relationships that a typical 

manufacturing company has are with customers and suppliers - especially when it comes 

to sharing explicit knowledge. 

Figure 5.1 Essay I Theoretical Framework 

Explicit Explicit 
Knowledge Inflow Focal Knowledge Inflow 
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In addition, the supply chain management literature provides strong support For the value 

of integrating infon-nation sharing and processing activities across the different supply 

chain members (e. g. Stevens, 1989; Narasimhan & Jayaram, 1998; Frohlich & 

Westbrook, 2001). This suggests that if a manufacturer is in a position to do so, it can 

also benefit from explicit knowledge emanating from an 'integrated supply chain' (Reck 

& Long, 1988; Clinton & Closs, 1997; Bowersox et al., 2000). 
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By combining activities with external organizations in a supply chain in each of the 

structural and procedural dimensions of knowledge discussed above, explicit knowledge 

transfer will be achieved. More specifically, according to Cohen and Levinthal (1990) as 
long as the formal codified organizational routines are in place to ensure an adequate 

absorptive capacity, as well as sufficient motivational disposition and transmission 

channels (Gupta & Govindarajan, 2000), then explicit knowledge inflow into the focal 

manufacturer will take place. 

5.3.1 Explicit Knowledge Inflow from Upstream in the Supply Chain - 

Hult et al. (2000) found a positive effect of organizational learning antecedents upon 
internal purchasing information processing and cycle time performance. This 

corresponds favourably to the supply side of our conceptualisation, even though theirs 

was primarily an internal study. While the internal/external distinction is important, if 

there are high efforts to share and coordinate explicit knowledge with external suppliers 

then it should also improve performance. 

Conversely, if there is little or no explicit knowledge inflow from upstream, then a 

manufacturer will have to seek any improvements in supply side (raw materials) 

inventory investment internally. Sooner or later such a manufacturer would run into 

performance limiting problems (Brown & Duguid, 1991), 'competency traps' (Ingram & 

Baum, 1997), 'myopia' (Levinthal & March, 1993), and over exploitation of internal 

knowledge leading to 'corporate inertia' (Miller & Chen, 1994). While these effects may 

not be fatal in the short term, they strongly indicate that relying on upstream related 

knowledge within the organization will not be effective at improving supply side 

inventory investment. 

The supply chain literature supports this argument. Bowerso? C et al. (2000) discuss the 

need for collaborative arrangements with suppliers that surpass mere information sharing 

and move towards common vision and cross-organizational actions and behaviour. 

Handfield (1993) provides empirical evidence of greater information sharing and 
interaction with suppliers leading to improved upstream procedures. Narasimban and 
Jayararn (1998) also provide empirical evidence for strategic sourcing interaction with 

suppliers as positively influencing manufacturing goal achievement. Finally, Krause 
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(1999) demonstrates the importance of liaising and combining expertise in the 
development of suppliers to achieve the buying firm's supply needs. 

The supply chain management literature as a whole treats low inventory investment as 
being synonymous with higher levels of organizational efficiency. In keeping with this 

perspective, low inventory investment is used in this paper as the desired outcome of 

explicit knowledge inflows. Accordingly, based upon the existing knowledge and supply 

chain literature, we hypothesize the following: 

HI: Explicit knowledge inflow from upstream in the supply chain will lead to a 
reduction in inventory investment. 

5.3.2 Explicit Knowledge Inflow from Downstream in the Supply Chain 

Hult et al. (1999) showed that facets of organizational learning have a positive influence 

on customer orientation and relationship commitment. in itself, this provides no firm 

evidence to expect improved organizational efficiency, yet it does lend knowledge-based 

support to Schonberger (1990), who suggested that more effective firms have long-linked 

partnerships with their external customers. From a marketing knowledge perspective, 

Slater and Narver (1995) suggest that performance can be enhanced when a 'market 

orientation' (i. e. customer focus) is combined with organizational learning. Thus, while 

the existing knowledge-based literature relating specifically to the customer side of the 

supply chain is limited, it does provide important theoretical evidence for downstream 

knowledge inflow potentially serving to improve organizational efficiency. 

If the reverse were true, and there were little or no knowledge inflow from downstream, 

then a manufacturing company would have to seek any improvements in customer side 
(finished goods) inventory investment from within. As with the earlier argument in 

favour of upstream knowledge inflow, sooner or later, such a manufacturer would run 
into the same problems of performance limitations (Brown & Duguid, 1991), 

dcompetency traps' (Ingram & Baum, 1997), 'myopia' (Levinthal & March, 1993), and 
Gcorporate inertia' (Miller & Chen, 1994). Therefore, with little or no knowledge inflow 

from downstream customers, it is likely there would be a corresponding undesirable 
increase in customer related inventory investment. 
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This argument is supported by the supply chain literature that considers downstream 

issues. Bowersox et al. (2000) point to downstream initiatives for establishing efficient, 

cffective and relevant downstream inventory solutions by gaining an understanding of 

what drives customer purchase behaviour. They declare that "success hinges on 

establishing intimate relationships with key customers" and also upon sharing 
information with customers rather than anticipatory inventory planning. Evidence 

suggests that the stronger the downstream manufacturer/ customer integration is in a 

supply chain the greater the benefits (Narasimhan & Jayaram, 1998; Johnson & Scudder, 

1999). Downstream explicit knowledge integration with customers is therefore often 

crucial to a manufacturer's own supply chain performance (Bowersox et al., 2000; Stock 

et al., 2000). Blackburn (199 1), Daugherty et al. (1999), and Waller ct al. (1999) linked 

distribution programs like automatic response and JIT II to improved performance. 
Conversely, there are inherent hazards of not fully coordinating with downstream 

partners in the supply chain (Lee & Billington, 1992; Armistead & Mapes, 1993). 

Therefore, based upon the existing knowledge and supply chain literature, we 
hypothesize the following: 

H2: Explicit knowledge inflow from downstream in the supply chain will lead to a 
reduction in inventory investment. 

5.3.3 Explicit Knowledge Inflow from an Integrated Supply Chain 

Zack (1999) reasoned that the "integration of [explicit] knowledge across different 

contexts opens an organization to new insights... increasing the scope and value of that 
knowledge. By being able to combine experiences... the scope of experience is 

broadened, as is the ability to learn from those experiences. " Adding to this, Hult et al. 
(2000) took a rare organizational Icarning view of the entire customer to supplier supply 

chain, and found that Icarning facets have a positive correlation with general supply 

chain relationships. No conclusions arc drawn for specific perfon-nance improvements 

from these works. Nevertheless, it would seem reasonable to infcr that if the integration 

of explicit knowledge and improvement of relations across the supply chain allows for 

more, and better, organizational learning across the supply chain, then the ability for 

combined problem solving and opportunity exploitation will increase. Hcncc, explicit 
knowledge inflow from an integrated supply chain is likely to result in improved abilities 
to deal with functional problems such as excessive inventory investment. 
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The supply chain management literature provides strong empirical support for this 

argument. There has been growing consensus of the value in performance terms of 

coordinating and sharing supply chain information, and aligning organizational goals in 

order to improve overall supply chain efficiency. Frohlich and Westbrook (2001) showed 

that an integrated supply chain approach leads to performance improvements, reasoning 

that the "better coordination in the supply chain reduces uncertainty throughout the 

manufacturing networks", and that "tighter coordination helps eliminate any non-valuc- 

adding activities from internal and external production processes. " Stock ct al. (2000) 

looked at optimising the coordination of knowledge across an entire integrated supply 

chain, and reasoned that the level of organizational performancc is dependent upon 

integrated information sharing from supplier to customcr. One of the more important of 

the 'mega-trcnds' that will revolutionize supply chain logistics is the move from 

information hoarding to information sharing and "the open deployment of information 

across the supply chain is the catalyst that enables effective integration" (Bowersox et al., 

2000). Therefore, based upon the existing knowledge management and supply chain 

literature, we hypothesize the following: 

H3: Explicit knowledge inflow from an integrated supply chain will lead to a 
reduction in inventory investment. 

The above three hypotheses are summarized in Figure 5.2. 

Figure 5.2 Essay I Hypotheses 
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5.4 METHODS 

The hypotheses were tested using data from the 2001 International Manufacturing 

Strategy Survey (IMSS). The IMSS survey was designed to explore and identify the 

philosophies, strategies and practices in manufacturing firms around the world. 
Respondents were typically Manufacturing VPs and therefore had ready access to all of 

the upstream and downstream knowledge and performance measures used in this paper. 
In order to control for regional variations, this study analysed eight European countries 
including Denmark, Germany, Hungary, Ireland, Italy, Norway, Spain and the United 

Kingdom. The IMSS sampling frame included between 20 and 60 manufacturers from 

each of the eight countries. In non-English speaking nations, full-time OM professors 
familiar with manufacturing strategy translated the surveys. The total sample used for 

this analysis was 338 manufacturers and the response rate was approximately 20 percent. 

The INISS sampled from single plants or business units within manufacturing companies 
belonging to the population as defined by ISIC Division 38: Manufacture of Fabricated 

Metal Products, Machinery and Equipment. A balanced number of surveys were gathered 
in each of the sub-industry sectors as seen in Table 5.1. The average company size was 
1079 employees and the mean market share was 41 percent. 

Table 5.1 ISIC Division 38 Sub-Divisions Represented in the 2001 IMSS Data 

International Standard Industrial Classification of Economic Activities (ISIC- 1968) 
Major Division 3. Manufacturing 

Division 38. Manufacture of Fabricated Metal Products, Machinery and 
Equipment 

ISIC Count Percent Deflnition 

381 93 27.5 Manufacture of metal products, except machinery 
and equipment 

382 89 26.3 Manufacture of machinery, except electrical 

383 76 22.5 Manufacture of electrical equipment apparatus, 
appliances and supplies 

384 32 9.5 Manufacture of transportation equipment 

385 23 6.8 
Manufacture of professional and scientific and 
measuring and controlling equipment not elsewhere 
classified, and of photographic and optical oods 

25 7.4 Missing / not identified 
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5.4.1 Operationalisation of Variables 

The dependent variable - inventory investment - was constructed using object measures. 
As previously discussed, the supply chain management literature treats low levels of 
inventory investment as synonymous with high levels of organizational efficiency. For 

example, Lee et al. (1997b) argued that excessive inventory investment was a signal of 
"tremendous" organizational inefficiency. Therefore, in order to best capture the 

magnitude of a manufacturer's inventory investment reflecting the upstream and 
downstream nature of the supply chain, a multi-item scale was constructed from three 

objective measures: days of raw materials; days of work-in-process; and days of finished 

goods inventory. The data were checked for normality and outliers before creating the 

final scale. Confirmatory factor analysis was used to check the scale's uni- 

dimensionality and the Kaiser-Meyer-Olkin measure of sampling accuracy was 0.66. The 

Cronbach alpha for this scale was 0.72, and the mean inventory investment was a total of 
74.86 days. 

The independent variables, supplier's explicit knowledge (SEK) and customer's explicit 
knowledge, (CEK), were based upon identical multi-item scales shown in the Figure 5.3. 

Both scales were grounded in the literature and gauged a manufacturer's effort to 

integrate explicit knowledge with its suppliers and customers in terms of inventory 

levels, production plans and demand forecasts, delivery frequencies, and Kanban signals. 
Each item was measured on 1-5 Likert scales (I = none 5= high). 

The most appropriate approach for scale purification when theory drives a study is 

confirmatory factor analyses (CFA) (Kim & Mueller, 1978). Items were selectively 

deleted through repeated CFA runs (LISREL 8) and each time we identified a measure 

for deletion based upon standardized residuals, observed improvements in comparative 

goodness of fit index (CFI), normcd fit index (NFI), magnitude of modification indices, 

chi-square with corresponding degrees of freedom, and overall interpretability. Three 

weak/ redundant measures Were eventually dropped to form the parsimonious and 

reliable four-item scales for SEK and CEK shown in Figure 5.3 and Table 5.2. The 

individual measures for these supplier and customer scales were summed together, and 

the Cronbach alpha for SEK was 0.68 and for CEK was 0.76. 
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Figure 5.3 Two-Factor Oblique Measurement Model of Supply Chain Knowledge 

SEKI I SEKA SEK3 SEK CEKLCE ICEK31CEL4 j 

I- X2 X3 A4 X X8 

Supplier Customer 
Explicit Knowledge Explicit Knowledge 

(SEK) I (CEK) k2 

Tablc 5.2 Confirmato1y Factor Analysis Statistics for Supply Chain Knowledge 
Items 

41 Supplier Explicit Knowledge (SEK): What is your level of adoption with suppliers? 
None Hieh Loadin I-score 

SEKI: Share inventory level knowledge 12345 Xj=. 75 13.52 ' 
SEK2: Share production planning and 12345 X2 ý . 70 12.61 " 

demand forecast knowledge 
SEK 3: Delivery frequency knowledge 12345 X3 ý . 61 10.998 
SEK 4: Kanban pull signals 12345 X4=. 77 9.18 ' 

42 Customer Explicit Knowledge (CEK): What is your level of adoption with customers? 
None High Loading t-score 

CEKI: Share inventory level knowledge 12345 ks=. 77 13.95' 
CEK2: Share production planning and 12345 X6 = . 

73 12.24' 
demand forecast knowledge 

CEK3: Delivery frequency knowledge 12345 
CEM: Kanban pull signals 12345 

Goodness of Fit Statistic 2-Factor Model fdf - 6) 
x2 2.59 (p < 0.86)' 

X2/df 0.43 (5 2 . 00)b 

GFI 1.00 (> 0.90) 

AGFI 0.99 (> 0.90) 

, 
RMSR 0.01 (<0.10)0 
NNFI 1.01 (- 1.00) 
NFI 1.00 (> 0.90) 

Hotelling's Critical N 2186 (> 200) 

7.7 = . 61 10.87" 
Xs=. 68 11.84" 

Covariance between 
supplier and customer 

explicit knowledge 
0, = . 68 

I-score = 14.65 a 

I t-scores significant at p<0.00 1. 
b Critical values for concluding "good" fit of model to data (Bollen, 1989; 1 loyle, 1995; Marcoulides & Schumacker, 
1996). 

Since a single respondent rated supplier and customer explicit knowledge and 
performance, this ma y have led to common method bias. We checked for this using 
Harmon's one factor test (Podsakoff & Organ, 1986). Seven factors with eigenvalues 
greater than one were extracted from all the measures in this study and in total accounted 
for 68% of the variance. The first factor accounted for 15% of the variance. Since a 
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single factor did not emerge, and one factor did not account for most of the variance, this 

suggested that the results were not due to common-method bias. 

The reliability and validity of each scale and objective measure were further analysed 
following the Flynn et al. (1995) example. Construct validity was established by testing 

whether the items in a scale all loaded on a common factor when within-scale factor 

analysis was run. All three independent and dependent scales passed this test, which 

supports each scale's uni-dimensionality. Divergent or discriminant validity was tested 

three ways. First, bivariate correlations were checked between each of the scales 

measures and other potentially confounding variables such as market share and a make to 

stock strategy (Table 5.3). There were no significant correlations (p < 0.05), which 

helped establish that the scales were not measuring other unintended constructs. Second, 

we compared the average interscale correlations in Table 5.3 to the Cronbach alphas. 
Acceptable divergent validity is shown when the alphas are greater that the average 
interscale correlations. Finally, the average correlations between scale and nonscale 
items were lower than between scale and scale items which helped support discriminant 

validity. 

Table 5.3 Measurement Analysis: Explicit Knowledge and Perfonnance Scales 

Correlations" Between Measures and Other 
Implementation-related Variables 

Average Item 
Total Corr. 

Measure Cronbach's 
Alpha 

Average 
Interscale 
Correlate 

Market 
Share b 

Make 
to 

Stock' 

Non- 
scale 
Items 

Scale 
Items 

1. Supplier Explicit Knowledge . 68 . 13 -. 07 . 05 . 15 . 50 
2. Customer Explicit Knowledge . 76 . 10 -. 01 . 04 . 13 . 57 
3. Inventory investment . 72 . 35 . 09 . 09 . 26 . 63 

a Mr% enrrelatinnq qignificant at n< - 0.05-- b Market share = actual market s hare r)ercentaee: 'M ake to sto 

percent = proportion of customer orders produced to stock. 

Based upon the literature and industry observations we included a set of control variables 
in the regression model. These control variables represented a baseline against which to 

assess the effect of adding the relevant explanatory variables to test the hypotheses of 

this study. 
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5.5 RESULTS 

Table 5.4 shows the baseline regression model, containing only the control variables, as 

well as the three subsequent hypotheses tests. To varying degrees, all three hypotheses 

were supported. 

Table 5.4 HvDothesis Test Results 

Variable 
Baseline 
Model 

Model I 
(111) 

Model 2 
(1-12) 

Model 3 
(H3) 

Company Control 
Total Employees -0.079 -0.065 -0.066 -0.063 

(0.003) (0.003) (0.003) (0.003) 
Competition Controls 
Product Focus 0.127 0.146* 0.146* 0.168* 

(4.025) (4.066) (4.135) (4.160) 
Customer Focus 0.149* 0.164** 0.118 0.137 

(4.029) (4.042) (4.299) (4.182) 
Fluctuating Controls 
Outsourcing 0.283*** 0.274*** 0.271 0.271** 

(3.540) (3.585) (3.869) (3.840) 
Temporary Workers -0.272*** -0.269*** -0.274** -0.272*** 

(3.178) (3.176) (3.339) (3.309) 
Operational Controls 
Select Supplier on Price -0.108 -0.103 -0.128 -0.126 

(3.981) (3.998) (4.213) (4.182) 
Push vs. Pull -0.011 0.060 0.041 0.073 
Production (3.530) (3.928) (3.858) (3.956) 
DedicatedLines -0.134* -0.129 -0.111 -0.113 

(0.127) (0.128) (0.135) (0.134) 

Supplier Explicit Knowledge (SEK) -0.154* 
(1.515) 

Customer Explicit Knowledge (CEK) -0.184** 
(1.307) 

Integrated Explicit Knowledge (IEK) -0.223 ** 
(0.066) 

R2 . 223 . 243 . 250 . 261 
Adjusted R2 . 175 . 188 . 190 . 202 

F Statistic 4.624*** 4.484*** 4.155*** 4.403 *** 

Statistical Power ((x = . 01) 99% 99% 99+% 
Table gives Standardized Beta Coefficients. Standard Errors in ParenthcSI's 
*p<o. 10, * *p<0.05, ** *p<0.00 I for two tailed test, n =33 8 

Hypothesis I- that explicit knowledge inflow from upstream in the supply chain will lead 

to reduced inventory investment, was weakly supported. While the relationship of 
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explicit supplier knowledge (SEK) was in the expected negative direction, it was 

significant at only the p<0.10 level. The resultant increase in adjusted R2 showed 

slightly greater explanatory power in comparison to the baseline model and the F statistic 

remained highly significant (p < 0.001). The Durbin-Watson Test indicated no 

autocorrelation, and the statistical power of 99 percent was well above the 80 percent 

suggested threshold (Cohen, 1988). 

Hypothesis 2- that explicit knowledge inflow from downstream in the supply chain will 
lead to reduced inventory investment, was strongly supported. The expected relationship 
between high customer explicit knowledge (CEK) and low inventory investment stayed 
in the expected negative direction while Model 2's. adjusted R2 increased. Similarly, the 

F statistic remained highly significant (p < 0.001), and the Durbin-Watson Test indicated 

no autocorrelation and the statistical power was 99 percent. 

The interaction between SEK and CEK was used to test Hypothesis 3- that explicit 
knowledge inflow from an integrated supply chain will lead to a reduction in inventory 

investment. This hypothesis was strongly supported. Again, the interaction 'integrated 

explicit knowledge' (IEK) variable had the expected negative relationship with 

performance and the adjusted R2 increased over the baseline model. The Durbin-Watson 

Test indicated no autocorrelation and the statistical power was greater than 99 percent. 

The statistical support for all three hypotheses supports and extends previous theory. 
Equally interesting, however, is that the results suggest other impgrtant trends. When 

comparing the hierarchical effects of adding in turn the SEK, CEK and IEK variables to 

the control model, the adjusted R2 values increase and the magnitude and significance of 

the standardized beta coefficients increase. This indicates that IEK is more influential 

than either SEK or CEK on their own and suggests that integrating knowledge from both 

customer and supplier is the best approach. Also, CEK has a more influential and 
important effect upon reducing inventory investment than SEK. This suggests that the 

direction from which knowledge inflows come in the supply chain is also important. 

5.6 DISCUSSION 

This research was conducted with three overall objectives. First, the study sought to 

empirically replicate the general notion that explicit knowledge inflows from outside the 
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organization have a beneficial effect upon performance. Second, the study aimed to add 
to existing literature through a finer-grained analysis of this external explicit knowledge. 

A specific objective of the study was to find out whether such explicit knowledge 

inflows from suppliers and customers in the external supply chain contributed to 
improved performance. Finally, consideration was given as to whether the existing 
literature could be expanded by ascertaining whether the richness of explicit knowledge 

depends upon whether it comes from the upstream or downstream direction, or from an 
integrated supply chain. In accordance with knowledge management literature, explicit 
knowledge flows between supply chain partners have been characterised in terms of i) 

shared 'declarative' knowledge elements related to inventory levels, production plans 

and delivery frequencies, and ii) shared 'procedural' knowledge elements of 

coordinating, planning, and forecasting between supply chain partners and shared 

practices such as Kanban. This study is limited in that it did not seek to investigate tacit 

elements of knowledge. Nevertheless, through adopting relevant perspectives from the 

knowledge management literature and considering explicit knowledge flows in both 

declarative and procedural terms, it is felt that this study goes beyond a-simple analysis 

relating to the exchange of operating data between supply chain partners. 

The support for all the stated hypotheses adds empirical weight to the concepts in the 

knowledge-based and supply chain management literature outlined in previous sections 

of this essay. The empirical results lend support to the general notion that inflows of 
6external' explicit knowledge are beneficial to performance. More specifically, it would 

appear that particular explicit knowledge inflows emanating from upstream and 
downstream supply chain partners are beneficial in terms of the objective performance 

measure of inventory investment. Thus the first two objectives of this research have been 

met. 

Regarding the third objective of our research, the results of the hierarchical regression 
indicate two possible new insights to the existing literature. Firstly, when considered 
independently, explicit knowledge inflow from downstream appears to be more powerful 
in terms of reducing inventory investment than explicit knowledge inflow from 

upstream. Therefore, the direction from which a knowledge inflow emanates could be 

important. Secondly, the results indicate that, of all explicit knowledge inflows 

considered, that from an integrated supply chain apparently has the most powerful 
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beneficial effects upon inventory management. Thus, integrating explicit knowledge 

from both supplier and customer would appear to result in the richest explicit knowledge. 

What theoretical mechanisms are behind these phenomena? The existing knowledge 

management literature cannot fully explain either, since it makes little direct comparisons 

between the richness of knowledge inflows from different directions. Possible 

explanations can be found in the supply chain literature though. One possible explanation 

as to why knowledge inflow from the downstream customer side could be richer than 

that from upstream is provided by the 'bullwhiP effect' concept (Lee et'al., 1997b), 

whereby demand variance is amplified moving upstream in a supply chain setting similar 

to our conceptual model. Thus useful ordering information from the customer could 

become distorted as it passes upstream. As Lee et al. (1997b) state: "distorted 

information from one end of a supply chain to the other can lead to tremendous 

inefficiencies- excessive inventory investmenf'. The empirical results indicate that 

explicit knowledge from upstream is less rich in helping to reduce inventory investment, 

which suggests that it may well be more distorted than knowledge from downstream. 

Hence the bullwhip effect may also be prevalent beyond the data/ informational level at 

which it has been researched to date. In fact, the measures that Lee et al. (1997b) propose 

to counter the undesirable bullwhip effect (i. e., avoiding multiple demand forecast 

updates, breaking order batches, stabilizing prices, eliminating gaming in shortage 

situations) all require declarative explicit knowledge sharing and procedural explicit 

knowledge coordination with supply chain partners - in particular those providing 

explicit knowledge inflows from downstream. 

Similarly, the work by Frohlich and Westbrook (2001) provides possible reasons as to 

why integrated explicit knowledge from supplier and customer could be the richest. Their 

work compared different supply chain strategies and demonstrated that the greatest 
degree (or 'arc') of integration was strongly associated with higher performance levels. 

They explained that better coordination in the supply chain reduces uncertainty 

throughout manufacturing networks and eliminates excessive inventory investment. 

Extending this explanation to the knowledge perspective of this research could explain 

why the explicit knowledge inflow from an integrated supply chain appears to be the 

richer in helping reduce inventory investment. 
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5.7 THEORETICAL CONCLUSIONS AND MANAGERIAL 
IMPLICATIONS 

Whilst there are clear limitations relating to the lack of sophistication of findings and 
limited precision of conclusions that can be drawn from such an exploratory survey- 
based study, this investigation has identified relevant perspectives from the knowledge 

management literature that could prove valuable in extending the supply chain literature 

from a focus upon the exchange of assets, data and information towards the integration 

and leverage of expertise and knowledge. In this regard, the investigation leads to three 
broad knowledge-based conclusions. First, the empirical results appear to support 

existing knowledge management and supply chain management theory in that inflows of 
declarative and procedural explicit knowledge from outside the organization apparently 
do have a beneficial effect upon performance. More specifically, declarative and 
procedural explicit knowledge inflows from all of the considered supplier, customer and 
integrated supply chain partnership sources appear to have a beneficial effect upon 
inventory investment reduction. 

Second, the results suggest that there are directional implications as to which explicit 
knowledge inflows are most beneficial in reducing inventory investment. Explicit 

knowledge inflows emanating from downstream would appear to be more valuable in 

reducing inventory investment than those from upstream. This may be due to a 'bullwhip 

effect', or similar phenomena, resulting in distortion of upstream explicit knowledge. 

Tbird, the richest inflow of declarative and procedural explicit knowledge seems to come 
from the integrated supply chain. The results suggest that this inflow, that integrates 

explicit knowledge from both suppliers and customers, is the most powerful in terms of 

reducing inventory investment. This is possibly due to a combination of reduced 

uncertainty, and elimination of non-value adding activities, as a result of better overall 

supply chain coordination. 

These findings potentially have some important implications for theory and managerial 

practice. In terms of theory, it may no longer be enough to consider a generalised 

approach to external explicit knowledge. The results indicate that all explicit knowledge 

outside the organization is not equal. Future research could continue combining 
knowledge-based and supply chain perspectives in further investigations of these 

200 



potential inequalities. In addition, the implications of integrating explicit knowledge 

across supply chains could be more far reaching than the integration of data and 
information considered in the supply chain literature to date. Thus, continued knowledge. 

based research into supply chains is suggested as possibly offering new conceptual depth. 

Yet such increased depth may also pose challenges, especially when considering its 

application to research into increasingly complex supply chain issues. 

In terms of managerial implications the results from this study indicate that, in real 

operational terms, benefits may result from explicit knowledge obtained outside the 

company, and specifically by integrating with supply chain partners. This study supports 

recent managerial literature, indicating that those companies that work together with their 

external supply chain partners could be the most likely to make significant operational 

performance improvements. Whilst the results of this study suggest that external explicit 
knowledge inflows do improve operating characteristics of manufacturing companies, 

they go further in proposing that limited resources may be best focused in certain 
directions in order to maximize return on effort. 

If resources and competitive context permit, ideally a manufacturer might share and 

coordinate explicit knowledge with both upstream and downstream supply chain 

partners. Working towards an integrated supply chain appears to be justified from a 
knowledge-based perspective. However, with limited resources, competitive 
implications, bargaining power losses and so forth, many practitioners may not be in a 

position to adopt this ideal option. Therefore, this refinement of existing knowledge 

provides some guidance as to where the most valuable explicit knowledge could 

potentially come from. The results indicate that for manufacturing companies looking to 

reduce investment in inventory, knowledge-acquiring activities with downstream 

customer partnerships are potentially more likely to yield benefits than similar activities 

with upstream supplier partnerships (ceteris paribus). 

5.8 FUTURE RESEARCH 

our findings suggest that the following areas of knowledge-based supply chain research 

may provide good opportunities for further investigation, and it - is hoped that other 

researchers will be attracted to these areas. 
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This study draws on data from fabricated metal products, machinery and 
equipment manufacturers. There may be particular characteristics to these 

companies that do not apply to other operational sectors and contexts. For 

example, would these conclusions hold true in service supply chains? Context 

specific studies will potentially yield different results. Nevertheless, in 

conducting comparisons between different supply chain contexts efforts will need 
to be made to ensure compatibility of empirical data. 

2. The broad nature of the knowledge flow constructs in this study, whilst 

supporting and extending current supply chain and knowledge, management 
literature, could perhaps be more precisely defined in terms of established 
knowledge related supply chain management constructs- such as 'purchasing 

competence' (Narasimhan et al., 2001). Making use of such constructs will 
potentially yield different insights. 

3. This study makes no mention of the routes companies have taken towards supply 

chain integration or the relative levels of evolution or 'maturity'. Different 

experiences, methodologies and maturity levels are likely to have implications on 

the nature and extent of knowledge flows. Thus interesting opportunities exist to 

compare the fast adopters of supply chain knowledge and practices with the 

laggards. Perhaps the best area for study regarding this are the newer supply 

chain contexts- such as services, whereby there is liable to be a greater spread in 

maturity than in the relatively mature traditional manufacturing supply chain 

contexts. 
4. While the 'bullwhip effect' supply chain literature provides a strong theory for 

directional implications of information flow, very little work has been done to 

provide empirical evidence from a knowledge-based perspective. Confirmatory 

research to verify the bullwhip effect at the knowledge level would be useful. 
S. Our research has revolved around the explicit, codified forms of knowledge 

transfer. Consideration of the tacit knowledge mechanisms in supply chains is 

likely to be fruitful. 

6. The role of the Internet in supply chain integration has been profound. Further 

research of 'virtual integration' and similar developments from a knowledge 

perspective is likely to add insights to the existing literature. 
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CHAPTER 6- ESSAY 2: 

COMPARING SUPPLY CHAIN PURCHASING 
COMPETENCE IN MANUFACTURING AND SERVICE 
CONTEXTS 

6.1 INTRODUCTION 

Over the last decade, the area of purchasing has been elevated to a strategic level and has 

become established as an important area of study (Cox, 1996; Carter & Narasimhan, 

1996). A strong reason for this rise in importance has been the recognition that functional 

level competences can dramatically affect firm performance (Vickery et al., 1993; 

Jayaram et al., 1999). Narasimhan et al. (2001) defined supply chain competence in 

terms of functional competences in purchasing, manufacturing and marketing/ sales. In 

particular, they highlighted the importance of purchasing competence, defining and 

validating the construct in terms of five underlying dimensions: Empowerment, 

Employee Competence, Tactical Interaction Effectiveness, New Product Development 

Interaction Effectiveness, and Buyer-Seller Relationship Management. Practitioners have 

sought to hone these dimensions of purchasing competence in the drive to reduce costs 

and improve performance. 

In addition, in recent years information technology (IT) has become an enabler of supply 

chain activities and has impacted upon the way purchasing is performed (e. g. Guimaraes 

et al., 2002; Frohlich, 2002a; Sanders & Premus, 2002). With increasingly sophisticated 
IT, new competences have been developed in practices such as e-auctions, real-time 
knowledge sharing, spend/ order tracking, streamlined invoice payment systems and the 

purchasing of ever more complex commodities. Whilst Stratman and Roth (2002) 

validated an IT Competencc dimension for enterprise resource planning (ERP), 

apparently no such dimension has been studied within the purchasing context. 

Thus this study empirically replicated the work of Narasimhan et al. (2001), followed-up 

on their suggestions for further research and investigated the merit of adding IT 

Competence as a sixth underlying dimension of purchasing competence. This cross- 

validation and extension of the Narasirnhan et al. (2001) purchasing competence 
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construct used data from a telephone survey of 200 major European manufacturing and 

service companies. The explicit inclusion of financial service companies (identified as 

being worthy of such study by Roth and Jackson (1995)) was considered relevant given 

the increasing importance of service-oriented companies to developed economies (Voss 

et al., 1997); their similar reliance on the supply of physical goods (Chartered Institute 

of Purchasing and Supply, CIPS, 2003); and their motivation to develop purchasing 

competence that results in delivery and cost improvements (Handfield, 1993). 

A final objective of this paper was to empirically explore the links between the 

dimensions of purchasing competence and performance. Chao et al. (1993) identified the 

most important purchasing performance measures, yet we know little about the 

connections between these measures and the competence dimensions that are understood 

to drive them. In fact, wbilst the relationship between competence and performance is 

generally assumed by the operations and supply chain management literatures to be 

positive, strategic management literature reports evidence of phenomena such as 

4competency traps' that can actually result in diminished performance (Brown & Duguid, 

1991; Ingram & Baum, 1997). This therefore represents a potentially insightful area for 

empirical investigation, and this study sought to identify those dimensions of purchasing 

competence that drive specific performance measures. 

A further contribution of this paper lies in the analysis techniques selected to address 

each objective. Whilst standard confirmatory factor analysis (CFA) was used to cross- 

validate the Narasimhan et al. (2001) purchasing competence construct and to verify the 

inclusion of an IT dimension, two proven, yet relatively novel techniques within 

operations management research were applied. The structural equation technique of 

group invariance analysis (Joreskog, 1971) was used to test whether the purchasing 

competence construct applied equally across both manufacturing and service contexts. 

Finally, to simultaneously investigate the relationships between purchasing competence 

dimensions and multiple performance measures set correlation analysis was used (Cohen 

& Cohen, 1983)- a sophisticated technique that addresses several shortcomings of more 

common multiple regression/ correlation methods. 

The next section synthesizes relevant literature and develops propositions and hypotheses 

regarding purchasing competence and purchasing performance in manufacturing and 

financial services companies. Subsequent sections describe the data collection and 
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analysis methods, discuss the results, draw conclusions and consider the managerial and 
research implications. 

6.2 PURCHASING COMPETENCE: ISSUES EMERGING FROM 
THE LITERATURE 

6.2.1 Underlying Dimensions of Purchasing Competence and the Role of IT 

Narasimhan et al. (2001) developed and validated a purchasing competence construct 
consisting of five underlying dimensions. These dimensions were, in turn, defined in 

terms of 15 purchasing practices. The formulation of each dimension came from a 

synthesis of the literature concerned with the human resource, internal interface, and 

external interface elements of purchasing. The human resources related literature (e. g. 
Anklesaria & Burt, 1987; Ellrarn & Pearson, 1993; Guinipero & Vogt, 1997) resulted in 

the inclusion of the 'Empowerment' and 'Employee Competence' dimensions. Literature 

relating to internal interfaces (e. g. Stuart, 1991; Guy & Dale, 1993; Mendez & Pearson, 

1994) revealed the 'Interaction- NPD' and 'Interaction-Tactical' dimensions. And 
literature regarding the external interface (e. g. Stuart, 1993) suggested the inclusion of 
the 'Buyer-Seller Relationship Management' dimension. No literature was found 

suggesting that any of these dimensions could be ignored in today's international 

companies. All of the underlying dimensions and defining practices are still relevant to 

the purchasing function. Thus, maintaining the definition of purchasing competence as a 

multidimensional construct comprised of key enabling elements for which the purchasing 
function has a primary responsibility, the following is proposed: 

Proposition 1: The purchasing competence construct of Narasimhan et al. (2001), 

as defined by five underlying dimensions and 15 associated purchasing practices, 
can be cross-validated with up-to-date international data. 

Nevertheless, recent research does suggest that the addition of an information technology 
(IT) competence dimension could improve the scope and explanatory nature of the 

purchasing competence construct. The broader supply chain management literature 

abounds with examples as to the importance of IT. The extended enterprise model 
identifies IT as a key component (Bowersox & Daugherty, 1995; Edwards et al., 2001). 
Guimaraes et al. (2002) found a positive link between effective use of IT and supplier 
network performance. Sanders and Premus (2002) stated that IT is significantly changing 
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the way in which supply chain partners do business. Frohlich (2002a) identified the lack 

of intemet-related IT skills as significant barriers to supply-side activities. The 

purchasing function has not escaped this increase in IT importance. Sarkis and Talluri 

(2002) contend that increased investment in IT has played a significant role in enabling 
the purchasing function to meet its critical objectives. This increased role of IT has 

required the development of corresponding organizational and employee IT skill-based 

competence. Such IT competence is needed to carry-out the now common purchasing 

practices of: i) ensuring company wide spend and order tracking visibility, ii) obtaining 
best prices through e-auctions, iii) facilitating the buying of complex commodities, iv) 

streamlining the invoice to payment process, and v) enabling real-time buyer-supplier 

knowledge transfer. Therefore, the addition of an IT competence dimension, as defined 

by the above five modem purchasing practices, to the original Narasimhan et al. (2001) 

purchasing competence construct is proposed: 

Proposition 2: Purchasing competence can be defined in terms of six underlying 
dimensions, comprising the five original dimensions, plus an IT competence 
dimension defined by 5 more recent purchasing practices. 

The above propositions are reflected in Figure 6.1. 

Figure 6.1 Concgptual Model: Dimensions of Purchasing Competence 

Purchasing 
Competence 

Employee Interaction Interaction Buyer-Scllcr IT Empowerment Competence Effectiveness- Effectiveness- Relationship Competence 
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6.2.2 Purchasing Competence in Manufacturing and Service Contexts 

The literature consistently contends that supply-side competence leads to operational 
benefits in manufacturing companies (Akinc, 1993; Lawrence & Hottenstein, 1995; 

Agrawal & Nahmias, 1997). Yet there is little research that explicitly addresses these 
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issues within service-oriented organizations. This is despite service companies gaining 
importance in the role of economic growth (World Bank, 1983; Voss et al., 1997) and 

continuing to heed advice of academics such as Bowen and Youngdahl (1998) in 

adopting hitherto largely manufacturing-focused practices in purchasing and supply. 
Hence there is a growing need to consider purchasing issues in service companies and to 
draw comparisons with manufacturing within single studies. 

Regarding the broader supply chain literature, differences between manufacturing and 

service customer-facing operations do complicate the task of drawing downstream 

comparisons (Zeithaml & Binter, 1996). Yet on the upstream- purchasing side, there are 

considerable operational similarities. Like manufacturing, service-oriented companies 

also rely on the provision of physical goods from suppliers. In fact, the motivations for 

developing effective purchasing competence appear to be the same for manufacturing 

and service contexts: reduced costs and lead times (Ansari & Modaress, 1990); 

improved supplier reliability (Carr & Pearson, 1999); and improved communications 
(Freeland, 1991). Krause et al. (1998) also point out that manufacturing and service 

companies seek benefits from supply-side practices. Clearly, practices such as frequent 

small deliveries, selecting suppliers on quality and delivery, establishing supplier 

contracts, and reducing inventories and paperwork could benefit both manufacturing and 

service organizations (Handfield, 1993). Furthermore, membership lists of professional 
institutes (e. g. Chartered Institute of Purchasing and Supply, CIPS, 2003) suggest that 

universal purchasing practices are promoted in both manufacturing and service firms. 

Generic or synonymous operational terminology is certainly used across the two contexts 
(e. g. Froehle et al., 2000), and the equivalence of operational competences between 

manufacturing and services have already been recognized by researchers studying issues 

such as TQM and technology (Sihra & Lutz, 1997; Silvestro, 1998). Thus with the same 

motivations, sources of advice and terminology for developing purchasing competence, 

we hypothesize the following: 

HI: The purchasing competence construct is stable across manufacturing and 
services. 
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6.2.3 Impact of Purchasing Competence Dimensions Upon Purchasing 

Performance 

There is consistent implication in the operations management literature that competence 

development results in improved performance (e. g. Burt, 1984; Burton, 1988). Some 

empirical research has found significant positive links between purchasing competence 

and increases in operational performance. Testing for predictive validity of the 

purchasing competence construct, Narasimhan et al. (2001) found significant positive 

correlations with TQM and Customer Satisfaction Performance. They also found the 

dimensions of Empowerment and Buyer-Seller Relationship Management to be 

positively related to these general performance measures. Das and Narasimhan (2000) 

discovered that the dimensions of purchasing integration and supplier capability benefit 

manufacturing performance. Suarez et al. (1996) identified positive relationships 
between out-sourcing practices and manufacturing flexibility. Similarly, Narasimhan 

and Das (1999) found a positive correlation between supplier relationship management 

and manufacturing flexibility. Following this limited but important empirical evidence 

we hypothesize that similar positive links will be found between the underlying 
dimensions of purchasing competence and specific purchasing performance measures. 

We sought to avoid using a single purchasing performance scale as the dependent 

variable- opting instead to identify impacts upon multiple purchasing performance 

measures. After all, just as a pilot needs to make judgments against an array of 

standardized flight gauges, purchasing professionals also need to simultaneously monitor 

multiple performance measures rather than a single measure. Such a set of purchasing 

performance measures was identified by Chao et al. (1993) in a cross-scctor analysis 
including manufacturing and service companies. They found the most important 

measures to be: Quality, On-time Delivery, Accuracy, Purchase Order (PO) Cycle Time, 

Commodity Knowledge, Professionalism and Negotiating Ability. In the light of the 

previous discussion and issues emerging from the literature, we hypothesize: 

112a: Traditional dimensions of purchasing competence impact purchasing 

performance measures. 
112b: IT Competence positively impacts purchasing performance measures. 

An additional, particularly striking issue emerges from the fact that the previously cited 

studies did not always find positive relationships between all dimensions of competence 
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and performance. In fact, whilst rare, some operations management literature suggests 
that certain competency dimensions have negative impact upon performance. Upton 

(1995) found that workforce experience had a detrimental effect upon manufacturing 
flexibility. Also, Corbett and Van Wassenhove (1993) identified trade-offs between 
dimensions of manufacturing competence and competitiveness. Thus, it is reasonable to 

presume that not all purchasing competence dimensions will positively influence all 

performance measures- and some may even have a negative impact. Although this 
interesting issue has not been developed in the operations management literature, other 
business research has investigated negative competence-performance relationships. The 

strategic management literature has identified negative effects of competence dimensions 

upon performance, and proposed mechanisms to explain them. Work on 'learning 

curves' in organizations (Epple et al., 1991) indicate possible diminishing returns as 

competences depreciate over time, potentially becoming performance limiting 

phenomena (Brown & Duguid, 1991). Ingram and Baum (1997) demonstrated that a 
firm can develop competences that are beneficial in the short-term, but that in the long- 

term become performance reducing 'competency traps'. Research on 'corporate inertia' 

recognizes that although the development of a certain competence may make the 

organization better, it can also make it 'myopic' and rigid, and adversely affect 

performance (Levinthal & March, 1993; Miller & Chen, 1994). 

In light of the above, two underlying dimensions of purchasing competence are 

particularly liable to have an adverse long-term association with certain purchasing 

performance measures. Firstly, in line with the findings of Upton (1995), employee 

competence can reach levels of diminishing returns and could become a competency 
trap. As training and evaluation systems become embedded, corporate inertia and 

organizational myopia can result in overly developed employee competence. 
Overqualified and over-experienced employees are likely to become de-motivatcd in the 
longer term, thus having a negative impact upon performance in mundane purchasing 
function tasks. One such task is purchase-order administration. Overly competent 

employees will find this administration boring, unstimulating, or simply 'beneath their 
level', and thus procrastinate. Conversely, an employee with a lower, more appropriate 
level of competence is liable to complete the administration quicker and more cfficiently 

with a corresponding improved PO Cycle Time. Thus we hypothesize: 

H2c: Employee Competence has a negative impact upon PO Cycle Time. 
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Secondly, for similar reasons high and sustained levels of risk sharing, technical 
information sharing, joint planning and shared cost savings could lead to overly 'cosy' 

buyer-seller relationships. This would initiate competence-performance trade-offs 
identified by Corbett and Van Wassenhove (1993). Whilst in the short-term there are 

clear benefits to developing strong buyer-seller relationships, the value of such 

competence would depreciate if corporate inertia and organizational myopia were to 

confine long-term purchasing options to suppliers who are no longer motivated by the 

commercial need to compete for and maintain a demanding customer. In this case, buyer- 

seller relationships would become a competency trap as buyers and sellers become over- 

comfortable, over-confident, and blasd in terms of Quality and On-time Delivery 

perfonnance. This leads to the hypothesis: 

H2d: Buyer-Seller Competence negatively impacts Quality and On-time Delivery 

6.3 RESEARCH FRAMEWORK AND SELECTION OF 
ANALYSIS TECHNIQUES 

The previous discussion of existing literature outlines the motivation for this study and 

forms the basis of the research framework. The investigation made use of the most 

appropriate analysis techniques and followed the three steps shown in Figure 6.2. 

Figure 6.2 Essay 2 Research Framework 
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First, the empirical replication and cross-validation of the Narasimhan et al. (2001) 

purchasing competence construct was addressed by second-order confirmatory factor 

analysis (CFA). We followed the same procedure used by Narasimhan ct al. (2001), 

which represents the most appropriate and informative methodology when testing 

theoretically derived propositions for construct validation and development (Bollen, 
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1989). The validity of adding the IT Competence dimension to the construct was 
assessed via the same process considering the model in Figure 6.1. 

Second, testing the hypothesis (HI) of purchasing competence being the same across 

manufacturing and service contexts was addressed by the structural equation technique of 

group invariance analysis (Marsh, 1994). This is the best method with which to test such 
hypotheses of equivalence across populations (Joreskog, 1971). Invariance analysis 
involves a chi-square test of nested models, whereby non-rejection of a hypothesis of 
equal factor loadings and error terms provides strong support that the structure of the 

construct is equivalent (invariant) across groups (Bentler & Bonnet, 1980). 

Third, we tested hypotheses (1-12a, b, c, d) relating to the impact of purchasing 

competence dimensions upon multiple purchasing performance measures. Instead of 
performing multiple regressions of each single dependent measure onto independent 

variables, we opted instead for the more sophisticated technique of set correlation 

analysis (Cohen & Cohen, 1983; Vastag & Montabon, 2001). Set correlation analysis is a 
generalization of multiple regression/ correlation analyses such that a set of dependent 

variables can be related to a set of independent variables. Since set correlation analysis 

considers multiple dependent variables simultaneously, it is a truly multivariate method 
that addresses shortcomings of more common methods by providing a single measure of 
association between data sets and a single framework for variable association, parameter 
estimation, hypothesis testing, and statistical power analysis. 

6.4 RESEARCH METHODS 

6.4.1 Sampling Procedure and Measurement Issues 

A purpose-designed telephone survey targeted heads of purchasing in European 

companies with revenues over E250 million. Two hundred full telephone interviews were 
completed of a stratified random sample, split equally between manufacturing and 
financial services companies. All interviews were completed over a period of 2 weeks in 
2003 and comprised 50 from the UK, 50 from France, 50 from Germany, 25 from Italy 

and 25 from Benelux. 

211 



The survey methodology was executed strictly following existing guidelines for good 

practice (Malhotra & Grover, 1998; Frohlich, 2002b; Rungtusanatham et al., 2003). An 

extensive up-to-date source database, that had been compiled and refreshed by telephone 
interview over a number of years and that represented close to the entire population, was 

used. N th number random sampling from this database and screening questions 

minimized sampling and coverage error. Analysis of the random sample indicated that 

spread of sub-sectors, company sizes, and locations did not differ markedly from the 

population. 

Measurement error was considerably reduced through the survey not being self- 

completed. Trained interviewers guided respondents through a structured, closed 

questionnaire in which survey items had been pre-tested on a group of professionals. The 

first 20 interviews were piloted and the only amendment made was a minor 

simplification of wording in one item. Regarding interviewer error, I in 10 interviews 

were validated by a project leader, effectively re-interviewing the respondent. Each 

interview questionnaire was checked individually for 'branching errors' or omissions and 

the respondent was re-called if there were any problems. Non-response error was judged 

within acceptable limits. The overall response rate was 23%. The individual country 

sampling and response rates are given in Table 6.1. 

Table 6.1 Analysis of Sampling and Response Rates 

A. B. C. D. E. F. G. 
Total Interviews Refusals Callbacks Rejected Unused Response 

Companies Completed (not Sample Rate 
Country Supplied qualifying) B/(A-E-F) 

Germany 458 50 83 33 0 292 30% 
France 407 50 84 115 19 139 20% 
Italy 619 25 46 89 14 445 16% 
Benelux 287 25 50 69 10 133 17% 
UK 409 50 48 60 5 246 32% 
Overall 2180 200 311 366 48 1255 23% 

There were no significant differences in response rates between manufacturing and 
financial services. Analysing the range of companies, sub-sectors, locations and job-titles 

revealed no patterns for response or non-response. Responses to certain objective 

questions had strong relationships with those from a previous year's survey using 
different respondents- indicating that non-response of previously surveyed groups was 

not a problem. Whilst the survey was conducted confidentially, almost all respondents 

agreed to be re-interviewed in the event of unclear answers and requested a copy of the 
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survey findings. This indicated an interest in providing accurate answers, and high 

overall interest in the survey. A summary report was given to respondents. 

6.4.2 Measurement of Dependent Variables: Purchasing Performance 

This study included the seven measures of purchasing performance deemed most 
important by Chao et al. (1993). These included objective measures for Quality, On-time 

Delivery, Accuracy and Purchase- Order Cycle Time. Five-point Likert scales (1-"Very 

Poor" to 5-"Very well") were used to rate the subjective aspects of Commodity 

Knowledge (knowing items, suppliers, prices), Professionalism (upholding standards of 

conduct, ethics, conventions, courtesy), and Negotiating Ability (negotiating prices, 

terms of sales, delivery dates). Certain items were reverse coded to prevent/ identify 

spurious responses. The means and standard deviations of the responses were as follows: 

Quality 79.3% (9.5), On-time delivery 82.6% (9.9), Accuracy 96.6% (2.6), PO Cycle 

Time 1.74 days (0.9), Commodity Knowledge 4.1 (0.7), Professionalism 4.4 (0.6), 

Negotiating Ability 3.9 (0.7). 

6.4.3 Measurement of Independent Variables: Purchasing Competence 

The survey instrument measured the twenty practices listed in Table 6.2. Fifteen of the 

items (1-15) replicated those used by Narasimhan et al. (2001) to create the five multi- 
item competence scales: Empowerment, Employee Competence, Tactical Interaction 

Effectiveness, New Product/ Service Development Interaction Effectiveness, and Buyer- 

Seller Relationship Management. The construct (face) validity of these fifteen survey 

items and corresponding competence dimension scales was re-confirmed for this study 
by a group of purchasing professionals and academics. Some minor wording changes 

were made to adapt these items to a telephone survey. Also, appropriate, synonymous 

terminology was included to ensure clarity of items to respective manufacturing and 

service respondents. The group of experts considered the final item wording to be true to 

the aims of replicating Narasimhan et al. (2001). Similarly, to ensure the content validity 

of a new multi-item IT Competence scale, an extensive literature search was carried out 

to identify potential item measures. Measurement options were discussed by the group of 

experts and five items chosen to reflect the concept being studied (Table 6.2 Variables 16 

to 20). 
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The same question format was used for all independent variable survey items. 

Respondents indicated on a five-point scale (e. g. I-"Strongly Disagree" to 5- "Strongly 

Agree") the level of interaction frequency, extent of use or degree of agreement with 

statements such as: "Purchasing personnel are involved in key decisions affecting their 
jobs. " The respondent could reply 1,2,3,4,5 or 6 (for "don't know")- or have the 

question explained and repeated if necessary. Some items were reverse coded. 
Descriptive statistics and correlations of the independent variable items are presented in 

Table 6.2. 

6.4.4 Missing Data 

The problem of missing data is considerably reduced with telephone surveys since 

questions can be explained and respondents encouraged to give answers if they know 

them. Nevertheless, any 'don't know' responses were treated as missing data, and 

constituted 4% of total responses. This represents a very acceptable level of missing data 

yet still results in loss of statistical power and accuracy (Roth et al., 1999; Verma & 

Goodale, 1995; Quinten & Raaijmakers, 1999). We thus followed Tsikriktsis (2003) and 
Roth (1994) recommendations and applied hot-deck imputation to deal with the missing 

at random (MAR) pattern identified. 

6.4.5 Reliability Analysis 

Underlying statistical assumptions and adequacy of the data for creating multi-itcm 

competence scales were checked. Overall, a substantial number of significant 

correlations were identified; the Kaiser-Meyer-Olkin (KMO) sampling adequacy value of 
0.80 is 'meritorious'; and Bartlett's test of sphericity was significant at the . 00 1 level. For 

individual factors, Table 6.3 shows that Cronbach alpha values exceeded the lower 

acceptance level of 0.60 (Nunnally, 1979; Robinson, 1991). Only the Employee 

Competence value fell marginally short of this threshold. The overall high alpha values 

correspond well to those achieved by Narasimhan ct al. (2001). Also the high itcm-to- 

total correlations, inter-item correlations exceeding 0.30, good KMO measures and 
highly significant Bartlett values indicate representative, unidimensional and practically 

significant factors. The sample size of 200 and all factor loadings above 0.564 indicate 

statistical significance at the . 05 level and a power of over 80%. Thus, there is sufficient 

215 



evidence to confirm that factors proposed by Narasimhan et al. (2001) are valid and 

reliable for our sample, along with the newly proposed IT Competence factor. 

Table 6.3 Reliabilities of the Items for the Six Purchasiniz Factors 

Item-to- Bartlett's Test 
total Ist Item % Cronbach 

Factors Items Correlation Variance KMO X3 df p a 
Empowerment 1. Involvement- Job related 0.800 48.7 0.669 109.77 6 0.000 0.63 

2. Involvement- Operational 0.767 
3. Job autonomy 0.633 
4. Job security 0.564 

Employee 5. Training-purchasing 0.700 51.8 0.585 45.12 3,0.000 0.55 
Competence 6. Training- suppliers 0.794 

7. Performance Evaluation 0.660 
Interaction 8. Interaction- production/ operations 0.853 72.8 0.500 46.04 1 0.000 0.62 
Effectiveness - 9. Interaction- QC/ QA 
Tactical 0.853 
Interaction 10. Interaction- engineering/ design 0.929 86.4 0.500 148.56 1 0.000 0.84 
Effectiveness - 11. Interaction- R&D/ research 
NPD/ NSD 0.929 
Buyer-Seller 12. Risk sharing 0.683 55.2 0.739 157.86 6 0.000 0.73 
Relationship 13. Technical assistance/ Info. Sharing 0.703 

14. Joint production planning 0.796 
15. Share cost savings 0.783 

IT Competence 16. Spend/ Order tracking 0.697 47.6 0.764 176.45 10 0.000 0.72 
17. Prices e-auctions 0.711 
18. Complex commodities 0.622 
19. Streamline invoice-payment 0.696 
20. Real-time knowledge sharing 0.718 

Sample size - 200 

6.5 RESULTS AND DISCUSSION 

6.5.1 Second-Order Factor Analysis 

With the aims of: i) cross-validating the Narasimhan et al. (2001) 5-factor purchasing 

competence model for our sample, and ii) confirming the validity of adding the IT 

Competence dimension, two second-order factor models were subjected to the 

maximum likelihood method of estimation (Joreskog and Sorbom, 1989). This method 

was appropriate for our survey data (Bentler & Chou, 1987; Green et al., 1997). The total 

sample (200) exceeded the threshold of 100 needed to Provide stable estimates 
(Boomsma, 1985; Hayduk, 1987), and was in line with the rule of thumb of 

approximately five observations per parameter estimate (MacCallum et al., 1992). The 

original Narasimhan et al. (2001) model estimated 35 parameters, and 46 parameters 

were estimated with the addition of IT Competence. Apart from the IT Competence 
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endogenous variable both models were identical. The problem of correlated measurement 

errors was avoided since the second-order construct explained association amongst 

endogenous competence factors. 

The validities of both models were assessed for the full sample data, and the results 

summarized in Tables 6.4 and 6.5. Both models demonstrated a very high degree of 

convergent validity as all first and second-order factor loadings were found to be positive 

and highly significant (p<. 001). In addition, adequate squared multiple correlation 
(SMC) values were observed for first and second-order levels (Anderson & Gerbing, 

1988). High levels of discriminant validity were demonstrated by all modification indices 

(MI) having values less than 10. 

Validity of the two models, and cross-validation between them was assessed against the 

multiple fit criteria in Table 6.4 (Bollen, 1989; Hoyle, 1995; Marcoulides & Schumacker, 

1996). Critical N values estimate the minimum sample size needed for adequate model 

specification, and show the sample of 200 is sufficient for both models (Hu & Bentler, 

1995). Model I in Table 6.4 specifically addresses the first aim of the analysis. Chi- 

square, Goodness of Fit (GFI), Parsimony Goodness of Fit (PGFI), Comparative Fit 

Index (CFI), Incremental Fit Index (IFI), Tucker-Lewis Index (TLI), and Root Mean 

Square Error of Approximation (RMSEA) statistics indicate that the Narasimhan et al. 
(2001) 5-factor model fitted our data well. The relatively low Normed Fit Index (NFI) 

did not give cause for concern since Bentler (1990) state that NFI tends to underestimate 
fit and recommended placing more emphasis on CFI. Thus cross-validation of the 

Narasimhan et al. (2001) 5-factor purchasing competence model with the data was 

confirmed and Proposition I is supported. 
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Model 2 in Table 6.4 addresses the second aim of validating the addition of the IT 

Competence dimension to the purchasing competence construct. Values for chi-square, 
GFI, PGFI, CFI, IFI, TLI, and RMSEA indicate a good fit to the sample data and thus 

validity of the 6-factor model is confirmed. Closer inspection of the fit criteria in Table 

6.4 indicates that Model 2 fits the data better than Model 1. Thus adding the IT 

Competence endogenous variable results in improved model specification and 

explanatory power without adversely affecting parsimony. Furthermore, adding IT 

Competence improves model fit without detracting from the importance' of the other 
dimensions. Nesting Models I and 2 shows that, beyond the added IT Competence 

dimension, they are equivalent. The insignificant p-value (. 290) corresponding to 

difference in chi-square and degrees of freedom failed to reject the hypothesis of 

equivalence of Empowerment, Employee Competence, Interaction Effectiveness and 
Buyer Seller Relationship parameters between the two models. In addition, the similar 
factor loadings and high significance levels for both models in Table 6.5 further indicate 

the cross-validity of the models. In sum, the IT Competence dimension is a substantively 

appropriate and valid extension to the original 5-factor Narasimhan et al. (2001) 

purchasing competence model and Proposition 2 is supported. 

6.5.2 Group Invariance Analysis 

Establishing validity of purchasing competence models on the full sample (200) does not 

guarantee the equivalence of measures and structures across manufacturing and financial 

services groups; hence this was explicitly tested via group invariance analysis (Marsh, 

1987; Marsh, 1994; Byrrie, 2001). Invariance analysis results are shown in Table 6.6. 

We followed the procedure used by Doll et al. (1998) derived from the seminal work of 
Joreskog (197 1). "Totally non-invariant" baseline models were simultaneously estimated 
for each group and subjective fit criteria (CFI, TLI, PGFI, IFI and RMSEA) showed 

these baseline models to adequately fit separate group data, thus qualifying for invariance 

testing (Bollen, 1989). 

220 



W 
(U 

Cd 

"o 
r. 

421 p -x 

Z.., 

C6 

r- r- Ol r- %0 00 
Inmm &IMM 
qqq Cýqq 
000 000 

00 m 'Z 00 00 r, 1 r4 
c" cyý cý 

. 
0, (> 00 
09 09 09 

CD 0 CD Q <D C> 

e4 %D f4 
vi 10 

,3 le IR 00 
liý IC? xý 

CD (D (D CD C) CD 

vi %0 10 -e CD 10 
0o(21 r- 00 %0 
cý oý oq 09 09 09 
0Q (D Q CD C) 

,nZ 00 Zm rý 
cý 

G 
09 09 

CD 

;Z 10 f4 
,3 

9 . vi Nn 
wý CR 

CD cm CD CD 

� .' 

f4 m 

C> (D vi oo r- z 

1*' 

00 (> r- ;ým 00 
c> ýe r- ý 
10 C>, %D q: Ck lle 

rq 
c4 e4 

Z; -y , 
.m 

02 
0 

Co m 

22 
- 

m" a t; 
4ý vý ýo ýQ 

g2 -8 -8 JA' e -8 

N 



Equivalence between baseline and group parameter constrained nested models was tested 

by differences in chi-square values, degrees of freedom and the corresponding p-value 
(Bentler, 1990). Non-significant p-values (p>. 05) for constrained factorial structure and 

measurement models failed to reject the hypotheses of equal factor loadings and error 
terms, and provide strong support that observed differences between group parameters 

are due to chance (Bentler & Bonnet, 1980; Marsh, 1987)). Therefore both 5- and 6- 

factor purchasing competence models are fully equivalent across manufacturing and 
financial services groups. Further statistical support for equivalence is given by the small 

variations in subjective fit criteria for constrained models in Table 6.6, suggesting that 

differences in factor loadings and error terms between groups are insubstantial (Doll et 

al., 1998). Thus the hypothesis (HI) that the purchasing competence construct is the 

same across manufacturing and services groups is statistically supported for both 

Narasimhan et al. (2001) 5-factor model and 6-factor model (including IT Competence). 

6.5.3 Set Correlation Analysis 

Relationships between competence dimensions and the top seven purchasing 

performance measures (Chao et al., 1993) were investigated simultaneously using set 

correlation (SC) analysis. The reasoning'behind selecting SC analysis instead of several 

separate multiple regressions is discussed in Section 6.3. We conducted the analysis in 

line with Cohen and Cohen (1983) and Vastag and Montabon (2001) examples. Results 

are shown in Table 6.7. 

2 
The multivariateRy, x quoted for SC is a generalization of the simple bivariate r2 and 

multiple R2 (Rozeboom, 1965; Van den Burg & Lewis, 1988). It represents the 

proportion of generalized variance of the dependent variable set accounted for by the 

independent variable set. The obtained value of 33.4 % indicates a high degree of 

multivariate association between performance measures and purchasing competence 

k2 factor scores. The y, xvalue indicates "shrinkage" to be acceptable. Rao's F value of 

1.90 rejects the null hypothesis of no association between sets at the p<. 001 level (Rao, 

1975). A statistical power estimate of 95% (p =. 05) was obtained from (Cohen & Cohen, 

1983) and we followed their suggestions for guarding against Type I errors. Therefore 

the good overall SC association is highly significant. 
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Supplementary analysis of Table 6.7 B showed that three regression (Set X to Y) r2 

values were significant at p<0.001 level, and a further three at the p<O. l level. This 

further supports the predictive validity of the purchasing competence dimensions. Levels 

of performance variance explained correspond well to those obtained by (Narasimhan et 

al., 2001). 

Further refined assessment revealed specific impacts of competence dimensions upon the 

multiple performance measures. Nine of the SC partial regression coefficients were 

significant at the p<0.05 level, and a further seven at the p<O. I level. Thus hypothesis 

H2a is strongly supported. Purchasing competence dimensions do have significant 
impact upon specific purchasing performance measures. Thirteen of these significant 

relationships were found to be positive, with each purchasing competence dimension 

loading significantly positively on at least one purchasing performance measure. 
Empowerment is positively correlated to both Commodity Knowledge (P<0.05) and 
Negotiating Ability (p<0.05). Employee Competence is positively related to On-time 

Delivery (p<0.05) and Negotiating Ability (p<0.1). Tactical Interaction Effectiveness is 

positively associated to Commodity Knowledge (p<O. 1). New Product/ Service 

Development is positively related to Quality (p<0.05), On-time Delivery (p<0.1), and 
Professionalism (p<0.1). Buyer-Seller Relationship Management is positively correlated 

to PO Cycle Time (p<0.1), and to Accuracy (p<0.05). Each of these positive significant 

correlations makes substantive sense- supporting practical significance and relevance of 

the findings. In addition, IT Competence was found to be significantly positively 

correlated with Quality (p<0.05), PO Cycle Time (p<0.05), and Professionalism (P<0.1). 

This represents the most significant positive impact upon performance measures by any 

single competence dimension and thus hypothesis H2b is supported. 

Interestingly, not all significant competence-performance relationships were found to be 

positive. Three significant negative effects were identified.. Employee Competence was 
found to be significantly negatively related to PO Cycle Time (p<0.1). Thus hypothesis 

112c is supported. Also, Buyer-Seller Relationship Management was idcntified as being 

significantly negatively correlated to Quality (p<0.05) and On-time Delivery (p<0.05). 

Therefore, hypothesis 112d is similarly supported. 

224 



6.5.4 Study Limitations and Evaluation of Compliance with Good Research 

Practice 

There were some limitations to this study. The possibility of respondent bias cannot be 

ruled out as single respondents provided self-reported data for both independent and 
dependent variables. In addition, whilst the overall sample size (200) was sufficient for 

the analyses conducted, certain interesting avenues of investigation were hindered by the 

lower manufacturing and services sub-sample sizes of 100. For example, no meaningful 

analysis could be done of comparative competence-performance issues across sectors. 

Despite the above limitations, the study complied with the Malhotra and Grover (1998) 

normative list of good survey research practice and hence the next section proceeds to 

draw conclusions that are relevant to academics and professionals. 

6.6 THEORETICAL CONCLUSIONS AND MANAGERIAL 
IMPLICATIONS 

Notwithstanding the limitations of survey-based research (outlined in Section 4.1.1), the 

empirical results of this study indicate that three broad conclusions may be drawn that 

support existing theory. First, this study has replicated the empirical work of Narasimhan 

et at. (2001) in different geographical and business environments, and considered 

alternative conceptualisations. The cross-validation of the Narasimhan ct a]. (2001) 

Purchasing Competence construct with up-to-date international manufacturing and 

service data may serve to justify continued recognition of this operational framework. 

The replication results indicate that academics and managers across broad geographical 

and business contexts could potentially benefit from knowledge of the underlying 
dimensions of competence in purchasing. Furthermore, a reliable IT Competence 
dimension is shown to be a potentially appropriate extension to the Purchasing 

Competence construct, resulting in possible increased scope and explanatory power. The 

inclusion of IT Competence does not detract from the original dimensions of purchasing 

competence, but rather supports and builds upon recent literature indicating the 
importance of IT to modem purchasing and supply operations. 

Second, results of this study indicate that the Supply Chain Purchasing Competence 

construct applies equally across manufacturing and service contexts. This lends empirical 
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support to literature and institutions promoting universal purchasing practices. To the 

author's knowledge, this is the first study to empirically indicate equivalence of an OM 

framework across manufacturing and service organizations, and could serve to motivate 
further comparative research. It would appear that service organizations are developing 

the same purchasing competencies that had hitherto been considered the domain of 

manufacturing organizations. 

Third, the results indicate that underlying dimensions of purchasing competence have a 

significant impact upon multiple purchasing performance measures and account for a 
high degree of performance variance. Positive impacts of specific competence 
dimensions upon particular performance measures support the general OM literature 

notion of beneficial competence-performance relationships. The results indicate that each 

competence has significant beneficial impact upon at least one performance measure. 
Specific beneficial associations were found between the following: Empowerment and 
Commodity Knowledge/ Negotiating Ability; Employee Competence and On-time 

Delivery/ Negotiating Ability; Tactical Interaction Effectiveness and Commodity 

Knowledge; New Product/ Service Development Interaction Effectiveness and Quality/ 

On-time Delivery/ Professionalism; Buyer-Seller Relationship Management and PO 

Cycle Time/ Accuracy. Of particular note was that IT Competence was found to have the 

most significant beneficial impact- driving Quality, PO Cycle Time and Professionalism. 

Whilst the majority of impacts observed were positive, the results also indicate certain 

negative impacts of specific purchasing competence dimensions upon performance 

measures. This exploratory survey-based evidence therefore appears to provide some 

support for business literature relating to performance diminishing phenomena such as 

&competency traps'. The results indicate specific negative impacts associated with Buyer- 

Seller Relationship and Employee Competence dimensions. However, given the 

limitations of the survey-based methods used, and the spccif"Ic contexts of the population 

studied, great care should be exercised in the literal generalization of such negative 
findings without more substantial research. Perhaps more detailed and profound case 

and/ or action research methodologies would be more appropriate to confirm, or refute 

such findings. Nevertheless, the preliminary results from this study do indicate that 

perhaps the OM literature should shed the overall presumption of competence being 

Ggood' in favour of more careful 'contingency' driven analysis of appropriate 

competences for specific business scenarios. The identification of such multiple 
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competence-performance relationships constitutes a potential refinement of existing 
literature and, to this end, it is suggested that researchers continue to study the impacts of 

competence factors upon multiple performance measures. 

Finally, the results indicate several potential managerial implications regarding the 

strategic importance of the purchasing function. It would appear from the results of this 

study that professionals in both manufacturing and service organizations could consider 

competence in purchasing to consist of six underlying dimensions for audit and 
diagnostic purposes. Of particular interest to managers in such organizations is the 

potential impact of competence dimensions upon operational performance. Whilst care 

should be taken not to over-generalize specific findings from this investigation beyond 

the populations studied, the results suggest that managers perhaps should not run 

operations by relying on a single performance measure, but, instead, might tailor 

contingent 'competence configurations' to achieve those particular performance 

requirements that constitute organizational competitive performance priorities. Similarly, 

the results suggest that, for any given organization, competitive priorities should 
determine where competence-developing efforts might best be focused. The results from 

this study indicate that managers should perhaps combine their knowledge of the 

business context with their grasp of embedded competence dimensions in order to 

maximise the contribution of the purchasing function to strategic goals. For example, if 

performance in terms of quality were important to an organization fitting the population 

characteristics of this study, then effort might best be concentrated on new product/ 

service development interaction and IT related competences. Conversely, if a 

competence configuration were already ingrained and hard to change, it might be more 
feasible to adapt the organization's competitive strategy. For example, an organization 

with highly competent employees might find the best option is to shift competitive focus 

away from performance in terms of PO Cycle Time and towards On-Time Delivery and/ 

or Negotiating Ability. Of course this could introduce other challenges, and would 

possibly require purchasing representation at a strategic planning level. 

6.7 FURTHER RESEARCH 

The findings of this study have potential implications for theory and future research. The 

purchasing competence construct is apparently relevant across geographical and 
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contextual boundaries, and thus possibly deserves further attention from researchers. 
Also, the results of this study indicate that perhaps it is no longer appropriate to ignore IT 

in purchasing or supply operations. Furthermore, given the apparent cross-sector 

functional equivalencies perhaps it is now inappropriate for the OM literature to regard 

manufacturing and services as discrete areas of research. In particular this study raises 

the prospect that the impact of c8mpetence upon performance might not always be 

beneficial and that a one-size-fits-all theory could be inappropriate. Further theory 

development should perhaps concentrate on establishing the contingent issues as to why 

certain competences might positively drive a specific performance measure, whilst others 

potentially have no effect (or perhaps even a detrimental effect. ) Whilst the findings from 

this study indicate complications in the competence-performance research landscape, 

they could also open new avenues for exploration. It is hoped that such issues will attract 

other researchers. In particular, it is felt that the following could constitute insightful 

areas for further research: 

1. Most current OM research focuses on studies of single sectors. Yet, this study 
indicates that interesting 'cross-fertilization' insights could be gleaned from bi- or 

multi-sector investigations. What OM concepts are being co-adopted by 

manufacturing and services, and other specific sectors such as healthcare and 

construction? What are the specific similarities and differences? Group invariance 

testing has proved a powerful tool in such cross-sector comparative study. 

2. This study has just scratched the surface in terms of identifying impacts of 

operational competencies upon multiple performance measures. Considerable 

work is needed to further explore these important effects, and in particular to 

investigate particular contextual 'competence configurations' and contingency 
issues. Set correlation analysis is suggested as a particularly useful technique for 

such multiple dependent variable study. 

3. This study has focused upon supply-side operations, and specifically the 

purchasing function, in order to compare a construct across manufacturing and 

services. Nevertheless, there are clear opportunities for more in-depth 

examinations of competence-performaricc issues in different operational areas 

throughout the supply chain. 
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CHAPTER 7- ESSAY 3: 

INVESTIGATING SUPPLY CHAIN MATURITY IN AN 
EVOLVING SERVICE CONTEXT: HEALTHCARE 

7.1 INTRODUCTION 

One of the Primary goals of the operations management researcher is to make sense of 

the modem world, and it is difficult to do this without considering developments in 

supply chain ideas (New, 1997) . 
One such idea that has gained considerable attention 

from academics and practitioners is that of collaborative supply chain integration. 

Academics have viewed the positive impact of such collaboration and integration as 
leading to the supply chain, rather than the individual organisation, becoming the 

effective unit of future competition (Handfield, 2002). The related collaboration and 
integration concepts are integral to major paradigms such as lean production (Womack et 

al., 1990)- and the corresponding lean supply (Lamming, 1993). The need for 

collaborative integration with supply chain partners has been further reinforced with the 

continuing evolution of supply chain theory and practice and emergence of paradigms 

such as agile and leagile supply chains (Harrison et al., 1999). 

Such theories have been rapidly adopted in certain sectors. The automotive sector for 

example gave birth to lean supply and has kept up at least with conceptual development. 

Few automotive, or wider manufacturing sector, managers are unaware of the importance 

of evolving supply chain philosophies. Yet, even in these more progressive industries, 

whilst managers may comprehend the potential benefits of supply chain ideas, practice 
implementation is often far from complete and full benefits remain elusive (Fawcett & 

Magnan, 2002). Furthermore, in other sectors such as those involving scrvice-oriented 

operations, enormous potential benefits of supply chain management may be 

unrecognised and levels of ignorance relatively high. There are clear disparities both 

within and between sectors relating to practice implementation and 'proximity' to the 

goal of collaborative supply chain integration (Towill et al., 2002). Yet apparently no 
detailed frameworks exist to help with the question as to 'where' companies are now and 
6 what' has to occur to advance along the evolutionary continuum (Bowersox et al., 
2000). 
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Thus to evaluate relative evolutionary progression, there is a need to formulate a 
conceptually robust supply chain maturity framework that is capable of assessing levels 

of adoption of collaborative and integrative practices. The need for such a maturity 
assessment framework has been recognised by supply chain researchers and this paper 
builds-upon the conceptual definition of Bowersox et al. (2000). They assess level of 

supply chain maturity in terms of 'realization' of modem collaborative and integrative 

supply chain practices on a subjective scale of I to 10. Whilst such a simple measure 

represents an important first step, it lacks important detail to facilitate improvements. 

The aim of this essay is therefore to further develop the supply chain maturity concept, 

creating more detailed measures, scales and constructs, and assessing their impact upon 

performance using empirical data. 

To date, the development of a detailed maturity framework has possibly been hindered 

by the lack of understanding relating to fundamental, yet complex knowledge-based 

mechanisms underlying integration and collaboration. In this respect, research has 

identified that to gain the benefits of true collaboration, organisations need to expand 
their 'arcs of integration' beyond asset, data and information levels of exchange, to 

encompass exchange of opinions, expertise and knowledge (Frohlich & Westbrook, 

2001). It seems obvious that collaboration requires development of knowledge-sharing, 

and yet little supply chain research has grappled with such dynamics (Giannakis & 

Croom, 2004). This is despite economic, strategic management and organisational 
learning literature streams recognising the key role of the knowledge dimension in the 

evolution of organisations all the way back to Adam Smith's "The Wealth of Nations" 

(Smith, 1776; Nelson & Winter, 1982; Postrel & Rumelt, 1992). 

Bowersox et al. (2000) do recognise the importance of the knowledge dimension in the 

successful implementation of collaborative supply chain practices, and their maturity 

scale reflects this. This essay therefore adopts the same conceptual scope, 

operationalising supply chain maturity in terms of level of collaborative knowledge 

sharing with supply chain partners relating to the implementation of appropriate practices 
(Bessant et al., 2003). In this regard, the Supply Chain Council has established a 

reference model for practice implementation that is gaining acceptance amongst 

practitioners and we use this as a basis for developing the supply chain maturity 
framework (Supply Chain Council, 2004). 
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in commencing the quest for a detailed roadmap to help inform academics and 

practitioners regarding the collaborative supply chain 'integration journey' (Fawcett & 

Magnan, 2002), this essay identifies the evolving supply chain context of Healthcare as 
being particularly appropriate for study. 

The next section reviews relevant academic literature from supply chain and other 

streams. In addition, practitioner literature pertaining to the implementation of 

established practices is assessed in order to inform scale and hypothesis development. 

The subsequent section outlines the innovative web-based survey methodology employed 

to address these intricate issues. A combination of confirmatory factor analysis and 

structural equation techniques empirically assess the validity of the supply chain maturity 

constructs. Set correlation analyses assess the simultaneous impact of multiple supply 

chain maturity dimensions upon multiple performance measures. Concluding discussion 

includes implications for supply chain academics and managers, and areas for further 

research are considered. 

7.2 LITERATURE REVIEW 

7.2.1 The Evolution of Supply Chains: Theory and Practice 

Few supply chain researchers would disagree with the emerging tenet that future 

competition will be between whole supply chains rather than between individual 

companies (Handfield, 2002). Nevertheless, the state of development of this theoretical 

and practical inter-firm organisational evolution (Nelson & Winter, 1982) is apparently 

still in the nascent stages (Bowersox ct al., 2000). For supply chain theory and practice to 

continue evolving it is essential to develop understanding of the complex dynamics 

underlying concepts such as collaborative supply chain integration (Narasimhan & Kim, 

2002). Yet, on a theoretical level supply chain phenomena such as the 'bullwhip effect' 

(Lee et al., 1997a ) are still only comprehended at a limited asset, data and information 

level of exchange. This is despite the fact that true collaboration requires going beyond 

this simplified level to the integration of opinions, expertise and knowledge (Frohlich & 

Westbrook, 2001). Theoretical understanding at this more complex knowledge-sharing 

level of collaborative integration has been identified as a significant gap in the literature 

(Giannakis & Croom, 2004) despite it being 15 years since Womack et al. (1990) 
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stressed the key to success is "managing the relationship" more collaboratively to 

encourage supply chain partners to "merge their learning curves". 

Coming to terms with such complex knowledge-based issues is highly relevant as 

practitioners fight with the real-world intricacies of collaborating across sophisticated 
integration practices (Fisher, 1997). In this respect, supply chain researchers recognise 
the importance of adopting a more holistic approach to grapple with such profoundly 
important supply chain issues (Stock, 1997). The emerging field of knowledge 

management has been identified as a potential source of new insights (Amundson, 1998) 

with which to address difficult-to-answer questions such as: "Where are we now in the 

evolution of supply chains and what has to occur to advance along the continuum? " 

(Bowersox et al., 2000) 

The related concepts of data and information integration and collaborative knowledge 

sharing with supply chain partners have been at the heart of recent evolution in supply 

chain management paradigms. Lean supply, born in the automotive sector of the 1980s, 

has long recognised the importance of collaborative relationships with the concept of 
'beyond partnership' depending upon 'an integrated whole' (Lamming, 1993). Similarly, 

agile supply necessitates close collaborative links with supply chain partners, with 
"leveraging information and knowledge" being a primary dimension of the agility 

concept (Harrison, 1999; van Hoek et al., 2001). Continued evolution towards 'leagile' 

supply will entail ever-higher levels of collaborative integration between supply chain 

partners (Christopher & Towill, 2001). 

Nevertheless, Lamming (1996) emphasises that "intcr-firm supply relationships exhibit 

very different natures" between companies and sectors. Evidence is common of 
disparities in levels of collaborative relationships as supply chains evolve at differing 

rates. Lee and Billington (1996) evaluated the evolution of Hewlett-Packard's supply 

chain from high inventory levels and customer dissatisfaction in the 1980's to more 
'mature' collaborative models and practices. Similarly, the successes of Dell have been 

attributed to highly evolved levels of collaborative knowledge-sharing (Magrctta, 1998). 

Fawcett and Magnan (2002) state that: "early adopters of supply chain practice have 

discovered that real collaboration goes beyond information exchange and arc working 
diligently to establish other integrative mechanisms to enhance coordination. " Despite 
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success stories there are also those that have not developed sufficient supply chain 

maturity, with consequential operational failure (Davenport, 1998). 

A major cause of disparity in development relates to a lack of detailed understanding as 
to what constitutes, or needs to be done to attain, supply chain maturity (Bowersox et al., 
2000). In essence, academics and practitioners are lacking a supply chain maturity 
'6roadmap' to guide the collaborative supply chain 'integration journey' (Fawcett & 

Magnan, 2002). This represents a possible stumbling block to further evolution of supply 

chain theory and practice. Bowersox et al. (2000) consider the crucial evolutionary role 

of developing supply chain maturity in terms of collaborative knowledge-sharing and 

integrative practice implementation. They argue that the development of supply chain 

maturity 'mega-trends' "represent the challenges of the emerging decade for logisticians 

and supply chain executives and identify the direction for change. " 

7.2.2 Developing the Supply Chain Maturity Concept 

Bowersox et al. (2000) define supply chain maturity in terms of the level of adoption or 

$realization' of modem collaborative and integrative supply chain 'mega-trend' practices. 

They allocate simple subjective scores on a scale of I (representing no development) to 

10 (being total implementation) to assess differences in supply chain maturity levels 

across North American organisations. Other researchers have also identified 

discrepancies between levels of supply chain management development in different 

organisations. For example, Harrison and New (2002) identified a spread of relative 

supply chain 'sophistication' levels, and classified international manufacturing-based 

companies as: Supply chain leaders; Strong players; Weak players; Lagging players; or 

Non-players. Yet, whilst simple score and classification systems represent important first 

steps in differentiating levels of supply chain maturity in different contexts they lack 

important detail to facilitate improvements. Towill et al. (2002) state that: "real world 

supply chains differ not only in their current performance, but also in the most effective 

actions required to move each towards world class supply". Thus a more useful 

formulation of the supply chain maturity concept goes beyond an indication of relative 

development levels, to provide a multi-dimensional framework to help guide 

organisations along the evolutionary continuum. 
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Whilst Bowersox et al. (2000) identify both collaborative knowledge-development and 
integrative practices as important elements of supply chain maturity, the supply chain 
literature contains little conceptual foundation regarding the underlying knowledge- 

practice dynamics. The knowledge management literature, however, does recognise the 
inseparable nature of organisational knowledge development and practice 
implementation and thus provides theoretical support for such an organisational maturity 
framework. Miller and Chen (1994) suggest that as organisational maturity develops, 

problems associated with performance limiting phenomena such as 'corporate inertia', 

and 'competency traps' (Levinthal & March, 1993) are reduced. In a supply chain 

context, attaining maturity depends upon maintaining a balance between the exploitation 

of existing internal knowledge and the exploration of new knowledge possessed by 

supply chain partners (March, 1991). Exploring and gaining new external knowledge, 

entails elevated levels of collaboration that go beyond the transfer of explicit, codified 
knowledge (Zack, 1999), to also encompass the exchange of tacit 'know-how' (Nonaka, 

1994). 

Kogut and Zander (1992) reason that whilst explicit forms of knowledge reside in the 

relatively-easy-to-transfer codified data and information, tacit know-how is reflected in 

an organisation's practices. They specifically use supply chain inventory practices to 

explain different forms of declarative knowledge and procedural know-how 

development, thus grounding their relevance in a supply chain context. Specifically 

addressing the knowledge-practice link, Kogut and Zander (1992) state: "know-how, 

like procedural knowledge, is a description of what defines current practice. " 

Furthermore, Szulanski (1996) describes four-stages relating to the transfer of practices 

and tacit know-how, with the culminating stage being organisational 'integration' that 

allows firms to capitalise upon the asymmetric knowledge strengths of different supply 

chain partners (Dussuage et al., 2000 ). 

As one of the few supply chain studies to adopt a knowledge-bascd perspective, Bessant 

et al. (2003) outline the importance of sustained supply chain learning to organisational 
development, and argue that this occurs through knowledge-sharing related to practices. 
They recognise that the term 'best practice' is widely used, but argue that this implies a 

generic and static frontier that is not suited to the wide variety of supply chain contexts 

and configurations. Instead they elaborate that supply chain development relates to 
knowledge sharing across 'appropriate practices'. 
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Supply chain and knowledge management literatures therefore parallel each other in 

proposing that collaborative knowledge-sharing and practice integration are two faces of 
the same supply chain maturity coin. An inter-disciplinary operational isation of the 

supply chain maturity construct therefore captures level of collaboration across 
4appropriate' practices. In line with Bowersox et al. (2000) therefore, 'mature' 

organisations demonstrate extensive collaborative two-way communication with supply 

chain partners to ensure "shared vision and objectives" relating to appropriate "adoption 

of integrative supply chain management operating practices". 

With regard to identifying appropriate practices, the Supply Chain Council (2004) 

'Supply Chain Operations Reference' (SCOR) model provides an established framework 

for "all organisations interested in applying and advancing state-of-the-art supply chain 

management systems and practices. " The SCOR model has been adopted by many 
leading companies to evaluate and improve collaborative supply chain integration efforts 

and therefore is consistent with the aims of developing the maturity concept. In addition 

to an extensive review of the academic literature, and in line with recent calls to stay 

abreast of practitioner developments (Meredith, 2002; Handfield, 2002), a review of 

practices promoted by major supply chain consulting firms (Oracle, 2003; SAP, 2003; JD 

Edwards/ Peoplesoft, 2003; i2,2003; PRTM, 2003; Manugistics, 2003) was conducted. 
Whilst acknowledging the limitations of such literature and exercising caution regarding 

the caveats raised in Section 2.1.6, this review of practitioner-oriented literature added 

relevance to the supply chain maturity concept formulation, and revealed distinct 

practices associated with each of the SCOR dimensions of Plan, Source, Make, Deliver 

and Returns. In addition, academics propose a further dimension for New Product 

Development (Petersen et al., 2003; Joglekar & Rosenthal, 2003). 

7.2.3 Maturity in an Evolving Supply Chain Context: Healthcare 

Suitable levels of collaboration and appropriate practices will be contingent upon the 

specific supply chain context and operational characteristics in any given sector. The 

development of a supply chain maturity framework is best achieved therefore by 

considering a pertinent sector and a variety of operational configurations. Since the 

majority of existing supply chain studies concern relatively mature manufacturing 

sectors, it was deemed fitting to investigate the maturity construct in an evolving service- 
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oriented context. The study of supply chain issues in service-oriented sectors has been 
identified as a specific gap in the literature (Croom et al., 2000), and in particular, the 

supply of products to service providers (Giannakis, 2001). 

Healthcare is one such rapidly evolving sector that depends heavily upon the supply of 

products. For example, a sector-wide initiative was recently commenced within the UK 

Healthcare sector, motivated by a need to modernise supply and championed by the 
National Health Service (NHS) Purchasing and Supply Agency (National Health Service, 

2002; Argyle, 2002). The NHS has scaled-up major efforts specifically to develop 

collaborative supply chain integration with over 1,600 V tier suppliers of products and 

services to an annual value of approximately El I billion ($18 billion). Whilst the NHS is 

the largest healthcare provider in the UK, similar, albeit smaller, initiatives are being 

promoted by other providers such as BUPA and BMI-General. This provides an ideal 

arena for exploring the maturity concept given the likely spread of collaborative supply 

chain integration practices. 

7.3 CONCEPTUAL MODEL AND HYPOTHESIS 
- DEVELOPMENT 

7.3.1 The Supply Chain Maturity Construct in Healthcare 

This essay operationalises supply chain maturity in terms of levels of collaborative inter- 

firm communication relating to appropriate SCOR model integrative practices. The UK 

Healthcare sector, with particular focus on l' tier product suppliers to major healthcare 

service providers, represents an interesting study domain. It also presents excellent scope 
for developing the supply chain maturity concept across practices related to all SCOR 

dimensions. Figure 7.1 shows the full conceptual model of supply chain maturity 

comprising potential underlying SCOR maturity dimensions relating to Upstream 

Planning, Downstream Planning, Sourcing, Making, Delivering, NPD, Upstream Returns 

and Downstream Returns. 
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An important point to note is that the supply chain maturity construct is not universally 
applicable in its full form, but context dependent and based upon appropriate practices. 
Given the different permutations of real-world supply chain positions, configurations and 
operations; practices associated with each SCOR dimension are unlikely to be 

appropriate in all contexts. For example, the Downstream Planning and Delivering 
dimensions are unlikely to be appropriate for end customers/ consumers that do not have 

any further downstream supply chain partners. Similarly, for suppliers that do not depend 

upon further upstream supply chain partners the Upstream Planning and Sourcing 
dimensions are unlikely to be appropriate. Also, practices associated with the dimensions 

of Making, Returns and NPD are only likely to be appropriate for those companies that 

engage in these respective supply chain operations. (As with the Planning dimension, 

Returns also divides into appropriate upstream and downstream practices. ) Such context- 

related appropriateness is indicated in Figure 7.1 by the dotted lines linking the SCOR 

endogenous maturity dimensions. 

The previous literature discussion leads to the following overall proposition: 

Proposition 1: Supply Chain Maturity can be defined in tenns of the level of 
collaborative knowledge sharing across appropriate SCOR 
dimensions. 

Similarly, since distinct practices are associated with each of the SCOR dimensions: 

Proposition 2: The underlying maturity dimensions of Planning, Sourcing, 

Making, Delivering, NPD and Returns can be defined in terms of 

collaborative knowledge sharing across associated practices. 

7.3.2 Practices Associated With the Underlying SCOR Maturity Dimensions 

Academic literature suggests that Planning be divided into downstream (customer facing) 

and upstream (supplier facing) practices (Frohlich & Westbrook, 2001). Regarding the 
Downstream Planning dimension, supply chain researchers propose specific customer- 
oriented collaborative integration practices associated with: 1. Downstream Future 
Demand Planning (Smaros et al., 2003; Finarelli & Johnson, 2004) to reduce customer- 

oriented crises situations, to predict future demand and to coordinate delivery dates; and 
2. Downstream Customer Satisfaction Planning (Mentzer & Moon, 2004) to calculate 
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inventory levels to match customer needs, to align the supply chain with sales and 

marketing activities and to create customer service and parts systems. Thus we 
hypothesize: 

Hla: Downstream Planning Maturity can be defined by the levels of customer 

collaboration associated with Future Demand Planning and Customer 

Satisfaction Planning. 

Regarding the Upstream Planning dimension, supply chain academics propose specific 

supplier-oriented collaborative integration practices associated with: 1. Upstream Future 

Supply Planning (Svensson, 2004) to reduce supply-related future crises, to agree supply 

levels, and to coordinate supply dates; and 2. Upstream Supply Satisfaction Planning 

(Wright, 2003) to design supply networks, calculate inventories to match supply needs, 

and create supply service and parts systems. Thus we hypothesize: 

Hlb: Upstream Planning Maturity can be defined by the levels of supplier 

collaboration associated with Future Supply Planning and Supply 

Satisfaction Planning. 

Regarding the Sourcing dimension, supply chain academics propose collaborative 

integration practices associated with: 1. Sourcing Knowledge Sharing (Akacum & Dale, 

1995) relating to sharing of supply inventory and delivery knowledge, and formulation of 

agreements and contracts; and 2. e-Sourcing (Disney ct al., 2004) pertaining to up-to-date 

practices such as participation in online auctions, the use of supplier exchanges and 

portals, and the use of 'next-generation' vendor managed inventory (eVMI) systems. 

Thus we hypothesize: 

Hlc: Sourcing Maturity can be defined by the levels of collaboration with 

suppliers associated with Sourcing Knowledge Sharing and e-Sourcing. 

For the Making dimension, academics propose the following modern practices: 1. Lean 

Manufacturing (Shah & Ward, 2003) relating to the implementation of pull production 

(e. g. reducing batch size/ set-up, Kanban systems), and reenginccring from functional to 

process-orientation (e. g. plant-within-a-plant restructuring, cellular manufacturing); and 

2. Production Knowledge Sharing (Hincs et al., 2004) relating to practices such as IT 

communications and enterprise resource planning (ERP) systems, programmes for 
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quality improvement and control (e. g. TQM, 6-Sigma), and creating a dedicated 'supply 

chain champion' position within manufacturing. Thus we hypothesize: 

Hld: Making Maturity can be defined by the levels of collaboration associated 

with Lean Making and Production Knowledge Sharing. 

Similar to the Sourcing dimension, for the Delivering dimension the academic literature 

notes specific collaborative integration practices associated with: 1. Delivery Knowledge 

Sharing (Steckel et al., 2004) relating to the sharing of delivery and downstream 

inventory knowledge, and the nurturing of long-term downstream relationships; and 

2. e-Delivery (Disney et al., 2004) relating to up-to-date practices such as participation in 

online auctions, the use of customer exchanges and portals, e-procurement/ automated 

transactions and the use of 'next-generation' vendor managed inventory (eVMI) systems. 
Thus we hypothesize: 

Hie: Delivering Maturity can be defined by the levels of collaboration with the 

customer associated with Delivery Knowledge Sharing and c-Delivery. 

Whilst a New Product Development (NPD) dimension is not incorporated within the 

SCOR model, the academic literature review identified the promotion of NPD practices 

(Petersen et al., 2003; Joglekar & Rosenthal, 2003). Practices associated with NPD 

include collaboration to design and improve the product, to control an engineering 

change order system, to coordinate purchasing for prototypes and to design 'for' 

effective supply chain management. Thus we hypothesize: 

HIf. NPD Maturity can be defined by the levels of collaboration associated 

with the new product development process. 

For the Returns dimension both downstream and upstream practices are proposed by the 

academic literature. Collaboration across practices associated with returns from the 

downstream customer fall into two groups: 1. Downstream Product Returns (Morton, 

2003) such as coordinating product returns from the customer and end users, and 

maintaining customer confidence in the product returns process; and 2. Downstream 

Packaging Returns (Rogers & Tibbcn-Lembke, 1999) practices such as coordinating 

returns of packaging (e. g. reusable Kanban containers, empty boxes, dispensers, pallets 

etc. ) from the customer and end users, and ensuring sufficient packaging process 

capability. Thus we hypothesize: 
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Hlg: Downstream Returns Maturity can be defined by the levels of 

collaboration with the customer associated with Downstream Product 
Returns and Downstream Packaging Returns. 

Similarly, the academic literature proposes that collaboration across practices associated 

with returns to upstream suppliers fall into two groups: 1. Upstream Product Returns 

(Tibben-Lembke, 2002) such as coordinating product returns from customers to 

suppliers, and identifying legitimate product returns; and 2. Upstream Packaging Returns 

(Rogers & Tibben-Lembke, 1999) practices such as coordinating packaging returns (e. g. 

reusable Kanban containers, empty boxes, dispensers, pallets etc. ) to suppliers, and 

reducing the package returns process cycle time. Thus we hypothesize: 

Hlh: Upstream Returns Maturity can be defined by the levels of collaboration 

with the suppliers associated with Upstream Product Returns and 

Upstream Packaging Returns. 

The derivation of the above hypotheses from the academic literature, is given further 

relevance by the review of practitioner literature (e. g. Supply Chain Council, 2004) and 

promotional literature from leading supply chain consulting firms (Oracle, 2003; SAP, 

2003; JD Edwards/ Peoplesoft, 2003; i2,2003; PRTM, 2003; Manugistics, 2003). Whilst 

respecting the caveats in Section 2.1.6, it is noteworthy that such practitioner-based 
literature promotes specific practices corresponding to each of the above hypotheses. 

7.3.3 The Impact of Supply Chain Maturity Dimensions Upon Performance 

The underlying proposition of Bowersox et al. (2000) is that companies and sectors can 

improve their supply chain performance through the evolution and development of 

supply chain maturity. In turn this implies increased levels of collaborative knowledge 

sharing across a range of appropriate integrative supply chain practices. According to 

Bowersox et al. (2000) high levels of maturity reflect fundamental shifts already 
66exhibited by leading firms as they transfonn their supply chain capabilities". 
Conversely, low supply chain maturity levels are observed in "lagging" companies or 

sectors. Thus we hypothesize: 

H2a: Supply Chain Maturity will have a significant impact upon supply chain 
performance measures. 
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More specifically, knowledge sharing across certain SCOR-related practice dimensions 

will have significant impact upon particular supply chain performance measures. For 

example, practices associated with the underlying e-Sourcing dimensions (i. e. use of 
4next generation' vendor managed inventory (eVMI), participating in on-line auctions, 

use of supplier exchanges and portals) have a beneficial impact upon increasing 

inventory turns since they permit a supplier to hold a reduced level of stock whilst 

maintaining supply requirements (Disney et al., 2004). Thus we hypothesize: 

Fl2b: The underlying e-Sourcing dimension will have a significant beneficial 

impact upon Inventory Turns. 

Similarly, practices associated with the underlying Make Knowledge Sharing dimension 

(i. e. use of IT communication technologies (ERP), programmes for quality improvement 

and control (TQM/ 6-sigma), dedicated supply chain "champions") are designed to help 

improve stock keeping operations and thus levels of inventory turns performance (Ilines 

et al., 2004). We thus hypothesize: 

H2c: The underlying Make Knowledge Sharing dimension will have a 

significant beneficial impact upon Inventory Turns. 

Also, collaboration with the customer across practices associated with Downstream 

Future Demand Planning (i. e. optimise the supply chain to reduce future crisis situations, 

predict future demand, coordinate delivery dates) serve to reduce stock levels needed to 

cope with uncertain demand fluctuations. These specific practices are particularly 

beneficial in reducing levels of Days Finished Goods (Smaros et al., 2003; Finarelli & 

Johnson, 2004). Thus: 

H2d: The underlying Downstream Future Demand Planning dimension will 
have a significant beneficial impact upon reducing Days Finished Goods. 

Collaborative practices associated with the underlying dimension of Sourcing 

Knowledge Sharing (i. e. sharing inventory and delivery knowledge, formulating supplier 

agreements and contracts) have a beneficial impact upon operational efficiency (Akacum 

& Dale, 1995). Such practices cultivate confidence that upstream suppliers will deliver 

materials, components, sub-assemblies etc. as required, with corresponding reduction in 

Days WIP Inventory waiting to be finished. Thus: 
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H2e: The underlying Sourcing Knowledge Sharing dimension will have a 

significant beneficial impact upon reducing Days WIP Inventory. 

Similar downstream collaboration across practices associated with Delivery Knowledge 

Sharing also have a beneficial impact upon inventory level efficiency, cultivating 

confidence in terms of when the customer will actually need and buy the finished product 

(Steckel et al., 2004). Thus raw materials can be acquired as necessary and work-in- 

progress can be trimmed to downstream delivery needs. Thus: 

H2f. The underlying Delivery Knowledge Sharing dimension will have a 

significant beneficial impact upon reducing Days Raw Materials 

Inventory and Days WIP Inventory. 

other beneficial impacts upon multiple performance measures occur with practices 

associated with Downstream Customer Satisfaction Planning (i. e. calculating inventory 

levels to match customer needs, aligning the supply chain with sales and marketing 

activities, creating a coordinated customer service and parts system). As stock keeping is 

kept. in line with customer requirements, destabilising 'peaks and troughs' of sales and 

marketing promotions are avoided, and an effective service and parts system is created, 

both Inventory Turns and Percentage Customer Orders Fulfilled will be positively 

affected. Also, implementing practises to align operations, sales and marketing with 

downstream demand will have a beneficial impact upon Percentage Demand Forecast 

Accuracy (Mentzer & Moon, 2004). Thus we hypothesize: 

112g: The underlying Downstream Customer Satisfaction Planning dimension 

will have a significant beneficial impact upon Inventory Turns, 

Percentage Customer Orders Fulfilled, and Pcrccntage Demand Forecast 

Accuracy. 

There are however, those practices that, whilst appropriate, cannot, by their nature have a 

beneficial impact upon certain performance measures. For example, engaging in product 

returns is unlikely to improve the efficiency of operations. In fact, appropriate but 

potentially disruptive practices associated with the Downstream Product Returns 

dimension (i. e. coordinating product returns from the customer and end-uscrs, 

maintaining customer confidence in the returns and repair process) are likely to have a 
detrimental effect upon performance efficiency measures such as Days WIP Inventory, 

243 



as returned products are reworked (Rogers & Tibben-Lembke, 1999; Morton, 2003). Thus 

we hypothesize: 

H2h: The underlying Downstream Product Returns dimension will have a 

significant detrimental impact upon Days WIP Inventory. 

Finally, whilst both practitioner and academic supply chain literatures propose universal 
benefits of collaborative integration practices, the knowledge management literature 

warris of potential negative impacts. Certainly, a beneficial impact cannot always be 

assumed. Previous operations management studies have identified negative impacts of 

operational practices upon performance (Corbett & Van Wassenhove, 1993; Upton, 

1995). The knowledge management literature goes further and has long recognised the 

potential negative impact of certain knowledge-practice dimensions. Diminishing 

performance returns as an organisation evolves have been recognised in the learning 

curve literature (Epple et al., 1991). Similarly, whilst practice-related competencies can 

be beneficial in the shorter term, in the longer-term they can become 'competency traps' 

that detrimentally affect performance. Myopia and rigidity in their evolutionary 

development can lead organisations to overlook such negative impacts, and thus continue 

with detrimental practice implementation (Levinthal & March, 1993). For example, 

collaborative practices associated with Delivery Knowledge Sharing (i. e. establishing 

downstream relationships, sharing inventory and delivery knowledge with the customer) 

may not in the longer-term benefit a I` tier supplier on certain performance critcria. In 

the longer term, a customer is liable to exploit an overly dependent and trusting supplier, 

pushing their own inventory problems and inefficiencies onto the supplier- with 

corresponding detrimental impact upon the supplier's level of Inventory Turns. Thus: 

FIR The underlying Delivery Knowledge Sharing dimension will have a 

significant detrimental impact upon Inventory Turns. 

7.4 RESEARCH METHODS 

7.4.1 Survey Design 

in order to adequately capture both knowledge sharing and appropriate practice aspccts 

of the supply chain maturity construct a new form of survey instrument was devised to 

go beyond typical static dyadic survey limitations. A wcb-based survey instrument was 
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purpose-designed, programmed, developed and pre-tested over the course of 12 months 
in line with guidelines proposed by Frohlich and Done (2004). A comprehensive review 

of supply chain practices informed the formulation of survey items to encompass the 

dimensions of Plan, Source, Deliver, Make, New Product Development and Returns. 

Both academics and practitioners were involved in the development of this innovative 

survey instrument to ensure relevance and validity of approach and content. Two key 

features of the adaptive instrument included: i) respondents constructing their own 

specific supply chain configuration for a major product line and responding to survey 

items for that specific configuration; and ii) respondents selecting optional survey 

sections according to those practices they deemed appropriate to their specific 

operations. After several software development phases to ensure functionality a full pilot 

test confirmed high interest and usability levels amongst practitioners, as well as the 

ability of the instrument to generate quality academic data. 

7.4.2 Samole 

A comprehensive listing of 957 Ir" tier product suppliers was obtained from the major 

UK healthcare service providers (NHS, BUPA and BMI-Gcncral). This constituted the 

majority of the respective UK supplier population across the healthcare supplier divisions 

of. Diagnostic and Medical Equipment; Medical and Surgical Equipment; 

Pharmaceuticals; Food and Nutrition; Textiles and Domestics; Facilities Management 

and Utilities; IT Equipment; Office Services; Rehabilitation; Professional Services. 

Across all divisions, 596 Supply Chain Directors were invited and given access to the 

online survey. 154 full responses were received constituting a good overall rcsponsc rate 

of 25.8%. Whilst response rates varied to an acceptable degree across supplier categories 

each was adequately represented in the final sample. Non-response bias was judged to be 

within acceptable limits. Mean sales for the sample was E440 million with a standard 

deviation of L2,426 million. The mean number of employees was 3,035 with a standard 

deviation of 13,589. Furthermore, the sample of 154 respondents represented four 

distinct classes of supply chain configuration and the full range of SCOR practices across 

plan, Source, Make, Deliver, NPD and Returns dimensions. 
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Table 7.1 Analysis of Sample and Responses to Optional Survey Sections 

Supply Chain Total 
Configuration in Plan Source Make Deliver NPD Returns 

S4 S3 S2 S1 C Sample 
4010c) 60 60 21 60 26 33 

(ZD410KC) 55 55 55 29 55 30 32 
28 28 28 8 28 8 14 
II II 11 7 11 5 7 

Total 154 154 94 65 154 69 86 

C- Healthcare Provider, SI -Surveyed I' Tier Supplier, S2-2*4 Tier Supplier, S3-3d Tier Supplier, S4-4* Tier Supplier 

Table 7.1 indicates a detailed breakdown of the sample responses obtained for each of 

the optional survey sections. Of the total sample of 154 1" tier suppliers, 60 opted only to 

respond to survey questions relating to the healthcare service provider (C) and not for 

further upstream suppliers (SI, S2 etc. ) Thus these respondents were excluded from 

subsequent analysis relating to Upstream Planning and Sourcing practices. Nevertheless, 

94 1" tier suppliers did chose to respond to survey sections relating to further upstream 

suppliers- 55 for one further supplier level, 28 for two further supplier levels, and II for 

3 further supplier levels. These respondents were included in subsequent analysis of 

Upstream Planning and Sourcing. Also, a total of 65 of the I" tier suppliers sampled 

were involved in manufacturing the product; 69 in new product development activities; 

and 86 in the returns of products and/ or packaging. For these companies the relevant 

Make, NPD and Returns sections of the survey were considered appropriate and duly 

completed. These respondents were included in subsequent analysis of the ]respective 

Make, NPD and Returns practices. Finally, Downstream Planning and Delivering 

practices were considered appropriate, and the respective survey sections completed, by 

all 154 companies. Thus the full sample of 154 1" tier suppliers were included in 

subsequent analysis of these Downstream Planning and Delivering practices. 

7.4.3 Measurement Issues 

7.4.3.1 Measurement of Dependent Variables: Performance 

We adopted the same objective performance metrics used by Harrison and New (2002) to 

formulate their 'level of sophistication' classification, with the following modifications: 

1. a survey item for Demand Forecast Accuracy was included given the overwhelming 

evidence regarding the importance of accurate demand forecasts (e. g. Lee ct al., 1997a); 
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2. measures for Customer and Supplier Delivery Performance were omitted given that 

they are largely captured within Customer and Supplier Order Fulfilment; 3. the overall 

measure of Inventory Days of Supply was divided into separate items for Days Raw 

Materials, Work-in-Progress, and Finished Goods. The means and standard deviations of 
the responses were as follows: Inventory Turns per Year 61.7 (166.1), Percentage Orders 

Fulfilled by Supplier 88.9% (12.5), Percentage Customer Orders Fulfilled 91.3% (12.5), 

Days Lead-Time 12.9 days (28.1), Percentage Demand Forecast Accuracy 81.1% (14.7), 

Days Raw Materials 29.5 days (50.0), Days WIP 13.7 days (21.3), Days Finished Goods 

29.9, days (37.0). 

7.4.3.2 Measurement ofIndependent Variables: Knowledge Sharing across 
Appropriate Practices 

The survey instrument measured the level of collaborative knowledge sharing across 

practice items associated with each dimension as identified by an extensive literature 

review. Levels of collaboration were captured using I to 7 Likert scales. For the Plan 

dimension respondents were asked how frequently their company communicated with 

respective supply chain partners in order to execute each planning related practice item. 

(I- Never, 2- Annually, 3- Quarterly, 4- Monthly, 5- Weekly, 6- Daily, 7- Hourly). For 

the Source, Deliver, NPD and Returns dimensions respondents were asked to what 
degree their company collaboratively shared knowledge with respective supply chain 

partners for each of the associated practices (I- Not at all, 2- Very'littlc, 3- Little, 4- 

Average, 5- Quite a lot, 6- A lot, 7- Completely. ) On the same 1-7 Likert scale, 

respondents were asked to what extent their company implemented the Make related 

practices. For those companies with more than one upstream supplier the Upstream 

Planning, Sourcing and Upstream Returns responses were summed to give a total level of 

upstream collaborative knowledge sharing. 

7.4.3.3 Missing Data and Limitations to Analysis 

The adaptive survey instrument allowed respondents to skip sections of the survey. 
Whilst the total response sample consisted of 154 companies, certain respondents chose 

not to answer survey sections relating to Upstream Planning or Sourcing. Also, 

respondents could choose whether sections relating to Making, NPD or Returns wcre 

applicable to their respective company supply chain operations and could skip these 
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sections accordingly. Thus whilst the responseý sample sizes for certain sections were 

reduced, the skip function and explanatory pop-up windows decreased levels of 

uncontrolled missing data. Missing data was further reduced by requiring respondents to 

complete each chosen section before being able to proceed or to receive any feedback. In 

view of the type of ensuing data analysis an awareness of the sub-sample sizes for each 

survey section was important. The sub-sample sizes and missing data analysis are 

presented in Table 7.2. 

Table 7.2 Sub-sample Sizes and Missing Data Analysis for Optional Surve 
Sections 

Survey Section 

Case 
Responses 

Per 
Section 

Total 
- Survey 

tems 

Missi ng 
Items 

% 
Missing 
Items 

Incomplete 
Cases 

% 
Incomplete 

Cases 

Performance 154 1232 0 0% - 0% 
Upstream Planning 94 940 118 12.6% 13 13.8% 
Downstream Planning 154 1540 163 10.6% 17 11.0% 
Sourcing 94 1128 334 29.6% 28 29.8% 
Delivering 154 1848 507 27.4% 44 28.6% 
Making 65 390 0 0% 0 0% 
Upstream NPD 43 301 6 2.0% 1 2.3% 
Internal NPD 69 483 20 4.1% 2 2.9% 
Downstream NPD 69 483 13 2.7% 3 4.3% 
Upstream Returns 53 530 130 24.5% 15 28.3% 
Downstream Returns 86 860 210 24.4% 21 24.4% 
Total 1035 9735 1501 15.4% 144 13.9% 

Diagnostic tests showed that the missing data due to drop-outs were 'missing completely 

at random' (MCAR) (Hair et al., 1998). Of the various imputation methods available for 

MCAR missing data, mean substitution was selected as the most appropriate, given the 

acceptable levels of missing items and cases, and to maintain adequate sample size for 

analysis. The small sample sizes corresponding to certain sections represent a limitation 

to the permissible complexity of data analysis techniques such as structural equation 

modelling. Nevertheless, there is considerable support that the sample sizes attained are 

adequate for the purposes of confirming factors in a model of low complexity and with 

relatively few parameters. Whilst Boomsma (1985) advocate a sample size of at least 100 

for full structural equation modelling, MacCallum ct al. (1992) suggest at least 5 

responses per parameter. These thresholds were exceeded and we took extra care not to 

66overfit" the data limitations with overly complex SEMs. The maximum likelihood 

estimation procedure used has been found to produce valid results with sample sizes as 

small as 50 (Hair et al., 1998). 
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7.5 RESULTS AND DISCUSSION 

The analysis of the empirical data followed three steps: 

1. The creation of valid and reliable multi-item scales for the underlying maturity 
dimensions using confirmatory factor analysis techniques (hypotheses HI a-h. ) 

2. The validation of appropriate second-order supply chain maturity constructs using 
hierarchical structural equation modelling. 

3. The investigation of the impact of underlying maturity dimensions upon multiple 

performance measures using set correlation analysis (hypotheses H2a-i. ) 

7.5.1 Underlying Maturity Dimensions (Hypotheses Hia-h) 

The sample of 154 healthcare product suppliers was sufficiently large for the purposes of 
identifying an underlying factor structure through data summarisation and for confident 
interpretation of results. To ensure that derived factors would be generalisab1c, a 

parsimonious set of variables was selected through conceptual and practical 

considerations. 

Reliability Analysis 

Diagnostic checks ensured that underlying statistical assumptions were met and that the 

data was adequate for creating multi-item maturity scales through principle component 

factor analysis. Inspection of the full survey data correlation matrices revealed all 

correlations to be significant and greater than 0.30 (Hair et al., 1998). Partial/ anti-image 

correlations were small, indicating high degree of suitability for factor analysis. Bartlett's 

test indicated that correlations were significant at the 0.001 level. Similarly the overall 

Keiser-Meyer-Olkin (KMO) measures of sampling adequacy of 0.80 and over 

corresponded to the "meritorious" level. The measure of sampling adequacy (MSA) for 

individual variables also indicated high suitability of the data for factor analysis. None of 

the selected items fell into the unacceptable range for exclusion. 

Factor extraction was undertaken in accordance with established practice and determined 

by a combination of criteria (Cattell, 1966; Hair et al., 1998). Weak or redundant items 

were selectively dropped to form parsimonious, interpretable and reliable factors. 
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Varimax orthogonal rotation of factors maximised the sum of variances of required 
loadings of the factor matrix. Table 7.3 shows that Cronbach alpha values for all 
individual factors exceeded the lower acceptance level of 0.60 (Nunnally, 1979; 

Robinson, 1991). Also the high item-to-total correlations, inter-item correlations 

exceeding 0.30, good KMO measures and highly significant Bartlett test values indicate 

representative, unidimensional and practically significant factors. In terms of statistical 

significance, Cliff (1967) demonstrated that factor loadings should be strictly evaluated 

according to the effective sample size. All factor loadings for respective survey section 

sample sizes (n= 53 to 154) exceeded requirements to achieve a statistical power of 80% 

and 0.05 significance level. 

Table 7.3 Reliability Analysis of Maturity Scales 

Construct Scale Items 

Item- 
to- 

total 

lstltern Bartlett's Test 
% Cronbach 

Variance KMO X1 df Pa 
Down- Downstream Future I)PI: Reduce future crises . 873 72.047 . 657 169.537 3 . 000 . 801 
stream Demand Planning DP2. Predict future demand 

. 903 
Planning (DFDP) 

n-154 
DP5: Coordinate delivery dates 

. 764 
Downstream Customer DP8: Inventory to match 

. 880 73.012 . 670 175,882 3 . 000 811 Satisfaction Planning customer needs . 
(DCSP) DP9: Align SC to sales/ 

. 901 
n=154 marketing 

DP 10: Customer service/ parts 
. 777 

system 
Upstream Upstream Future UPI: Reduce future crises . 906 82.483 . 747 162.316 3 . 000 . 888 
Planning Supply Planning UP3: Agree future supply . 899 

(UFSP) 
n---94 

UP5: Coordinate supply dates 
. 920 

Upstream Supply UP7: Design supply networks . 788 62.513 . 670 48.002 3 . 000 . 692 
Satisfaction Planning UP8: Calculate supply inventory 

. 774 
(USSP) 
n--94 

UPI 0: Supply service/ parts 
. 810 

system 
Sourcing Sourcing Knowledge S4: Share inventory knowledge 

. 846 73.474 . 699 99,668 3 . 000 . 815 
Sharing S5: Share delivery knowledge 

. 892 
(SKS) 
n-94 

S7: Formulate agreements/ 
. 833 

contracts 
e-SourCing S8: Participate in on-line 

. 713 58.050 . 618 36.627 3 . 000 605 (CS) auctions . 
n---94 S 10. Use exchanges/ portals . 742 

Sl 1: Use e-Vendor Managed 
. 826 Inventory (cVMI) 

Delivering Delivery Knowledge D3: Nurture long-term 
. 886 75.527 . 686 198 621 3 000 835 Sharing relationships . . . 

(DKS) D4: Share inventory knowledge 
. 808 

n-154 D5: Share delivery knowledge 
. 910 

e-Delivery D8: Participate in on-line 
. 696 51.233 . 666 102.369 6 . 000 667 (eD) auctions . 

n=154 D9, Use cýprocurcmcnt/ 804 
automated transactions . 
D 10. Use exchanges/ portals . 653 
D 11: Use e-Vendor Managed 701 Inventory (eVMD . 
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Table 7.3 Reliability Analysis of Maturity Scales (Continued) 

Construct Scale Items 

Item- 
to- 

total 

Ist Item Bartlett's Test 
% Cronbach 

Variance KMO X2 df pa 
Making Lean Making M2: Implement Pull production . 909 82.463 . 500 34.211 1 . 000 . 787 

(LM) M4: From functional to process 908 n=65 orientation . 
Production Knowledge MI: IT communications/ ERP 

. 768 60.945 . 629 31.391 3 . 000 . 676 
Sharing M3: Programmes for quality and 842 (PKS) control . 
n=65 M6: Dedicated Supply Chain 

. 727 Champions 
NPD NPD INPD 1: Product design/ 

. 691 59.885 . 726 76.514 6 . 000 . 775 (NPD) improvement 
n=69 INPD2: Control Engineering 811 Change Order System . 

INPD4: Coordinate Purchasing 
. 857 for Prototypes 

INPD6: Design "foi" cffective 
. 725 SCM 

Upstream Upstream Product URI: Coordinate product returns 
. 867 82.806 . 706 99.975 3 . 000 894 

Returns Returns to supplier/s . 
(URP) UR2: Coordinate product returns 944 
n-53 from/ to end users . 

UR7: Identify legitimate returns . 917 
Upstream Packaging UR3: Coordinate packaging 

. 916 82.508 . 667 106.658 3 000 892 Returns returns to supplier/s . . 
(URPK) UR4: Coordinate packaging 955 
n=53 returns from/ to end users . 

UR8: Reduce returns processing 
. 851 

cycle time 
Down- Downstream Product DRI: Coordinate product returns 

. 906 72.706 . 671 91.035 3 . 000 811 
stream Returns from customer . 
Returns (DRP) DR2: Coordinate product returns 

. 842 
n=86 from end users 

DRIO: Maintain customer 
. 810 

confidence in returns process 
Downstream Packaging DR3: Coordinate packaging 

. 864 77.332 . 726 111 000 000 3 853 
Returns (DRPK) returns from customer . . . 
n=86 DR4: Coordinate packaging 899 

returns from end users . 
DR5: Ensure sufficient 875 
processing capability . 

7.5.1.2 Maturity Scale Validity 

The requirements for validity are twofold. A scale must truly measure what it is supposed 
to measure, and it must not measure anything else (Flynn et al., 1990). To satisfy these 

two requirements several facets of validity were tested. Content or face validity was 
determined through a non-statistical assessment of the correspondence of the variables in 

each scale and its conceptual definition. The scales formed were discussed with 

experienced academics and practitioners in the field and it was agreed that the scale 
items extended past empirical issues to also include theoretical and practical 

considerations (Churchill, 1979; Robinson, 1991). Further forins of validity were 

measured empirically through second order confirmatory factor analysis (CFA). 
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Optimally, factor analysis should always be followed by some form of CFA, which is 

particularly useful in the validation of scales emerging from more exploratory analysis 
(Kim & Mueller, 1978; Gerbing & Hamilton, 1996). Repeated CFA runs similar to that 
shown for the Downstream Planning construct in Figure 7.2 were conducted for all the 
SCOR maturity dimensions to assess convergent and discriminant validity. 

Figure 7.2 Example of Second Order CFA- Downstream Planning Maturity 

Downstream 
lanning P 
(DsP) 

XDCS ;, **NA 

, "- Downstream -- 
Future Demand Planning 

(DFDP) 
-. - 

X5' 

DPI 11 DP2 11 DP5 

n 'Cam 'C, *, 
ýmmerDSOZs; '4tction 

Plan 
(D CS P) 

%lo 

DP8 DP9 I DPIO 

Downstream Future Demand Planning (DFDP): 
Howfrequently doesyour company communicate with supply chainpartners to: 
(1 -7 Likert scale; I- Never, 2- Annually, 3- Quarterly, 4- Monthly, 5- Weekly, 6- Daily. 7- Hourly) 

DP I: optimise the supply chain to reduce future crisis situations? 12 3 4 5 6 7 
DP2: predict future demand? 12 3 4 5 6 7 
DP55: coordinate delivery dates? 1 2 3 4 5 6 7 

Downstream Customer Satisfaction Planning (DCSP): 
Howfrequently doesyour company communicate with supply chainpartners to: 
(1 -7 Likert scale: I- Never, 2- Annually, 3- Quarterly, 4- Monthly, 5- Weekly, 6- Daily, 7- Hourly) 

DP8: calculate inventory levels to meet customer requirements? 1 2 3 4 5 6 7 
DP9: align the supply chain with sales/ marketing activities? 1 2 3 4 5 6 7 
DPI 0: create service and parts systems to sustain customer satisfaction? 1 2 3 4 5 6 7 

Convergent validity refers to the extent to which varying approaches to construct 
measurement yield the same results (Churchill, 1979). By treating each item in a scale as 
a different approach to measuring the same construct, convergent validity is assessed by 

verifying whether each indicator's estimated pattern coefficient on its hypothesized 

underlying construct factor is significant (Anderson & Gerbing, 1988). The knowledge- 

sharing/ practice survey items relating to each of the SCOR maturity dimensions were 
subjected to second-order CFA using the maximum likelihood method of estimation 
(Joreskog & Sorbom, i989). In the second-ordcr factor model, it is hypothesized that the 
second-order maturity construct explains the association among the first-ordcr 
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dimensions, avoiding the problem of correlated measurement errors. The results of the 

CFA are shown in Tables 7.4 and 7.5. 

Table 7.4 ConfirmatoK y Factor Analysis (CFA): Summg y Statistics 

SMC range Mat X3/ NFI CFI RFI IFI TLI RMSEA 
in 2 nd X3 df P 

CFA Model MI df -. 90 >. 90 >. 90 >. 90 -. 95 <. 05 
Order Order 

Downstream . 325- . 552- 
10.010 8 . 264 1.25 . 975 . 995 . 953 . 995 . 990 . 043 

Planning . 912 . 991 

Upstream . 290- . 352- 
4.25 11.597 8 . 170 1.45 . 956 . 985 . 917 . 973 . 973 . 075 

Planning . 768 1.921 

. 306- . 143- 
Sourcing 9.09 12.168 8 . 144 1.5Z . 896 . 959 . 805 . 923 . 923 . 090 

. 731 1.188 

. 242- . 401- 
Delivering 17.146 13 . 193 1.32 . 931 . 982 . 888 . 982 . 970 . 054 

. 828 . 543 

. 241- . 338- 
Making 5.763 4 . 218 1.44 . 936 . 978 . 839 . 979 . 945 . 083 

. 815 1.004 

. 331- 
NPD 2.382 2 . 304 1.19 . 970 . 995 . 910 . 995 . 984 . 054 

748 

Downstream . 472- . 301- 
10.708 8 . 219 1.34 . 955 . 988 . 916 . 989 . 977 . 072 

Returns . 761 2.713 

Upstream . 571- . 122- 
10.630 8 . 224 1.33 . 945 . 985 . 897 . 986 . 972 . 092 

Returns . 936 3,008 

Criteria for Good Fit indicated for appropriate statistics. (Bollen, 1989; Hoyle, 1995; Marcoulides & Schurnacker, 1996). 

The overall validities of the CFA models were tested using multiple fit criteria in Table 

7.4 (Bollen, 1989; Hoyle, 1995; Marcoulides & Schumacker, 1996). The highly 

insignificant p-values associated with chi-square and degrees of freedom indicate a 
failure to reject the null hypothesis that the CFA models represent a good fit to the data. 

Further to the chi-square value, analysis of the subjective fit criteria Normed Fit Index 

(NFI), Comparative Fit Index (CFI), Relative Fit Index (RFI), Incremental Index of Fit 

(EFI), Tucker-Lewis Index (TLI) and Root Mean Square Error of Approximation 

(RMSEA) indicates high validity of CFA models for all of the SCOR maturity 
dimensions. 
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Table 7.5 CFA Loadings for UndCTlying Dimensions of Supply Chain Maturity 

Construct Construct/ Indicator Factor Loading t-value 

Downstream Planning 

Second-Order Results 

Downstream Planning Downstream Future Demand Planning (DFDP) 
. 990 4.1950*0 

Downstream Planning Downstream Customer Satisfaction Planning (DCSP) 1.000 n. a. 
First-Order Results 

Downstream Future Demand DPI: Reduce future crises 1.410 6.714*00 
Planning (DFDP) DP2. Predict future demand 1.559 7.059*00 

DP5: Coordinate delivery dates 1.000 n. a. 
Downstream Customer DP8: Inventory to match customer needs 1.738 7.1160*$ 

Satisfaction Planning (DCSP) DP9. Align SC to sales/ marketing 1.455 7.105*0* 
DP 10: Customer service/ parts system 1.000 n. a. 

Upstream Planning 

Second-Order Results 

Upstream Planning Upstream Future Supply Planning (UFSP) 3.654 4.7050*04 
Upstream Planning Upstream Supply Satisfaction Planning (USSP) 1.000 n. a. 

First-Order Results 

Upstream Future Supply UPI: Reduce future crises . 917 11.196000 

Planning (UFSP) UP3; Agree future supply . 708 9.9580*0 
UP5. Coordinate supply dates 1.000 n. a. 

Upstream Supply Satisfaction UP7: Design supply networks . 485 4AO9*00 

Planning (USSP) UPS: Calculate supply inventory 
. 599 4.920*** 

UPI 0: Supply service/ parts system 1.000 n. L 

Sourcing 

Second-Order Results 

Sourcing Sourcing Knowledge Sharing (SKS) 
. 969 2.045* 

Sourcing e-Sourcing (eS) 1.000 n. a. 
First-Order Results 

Sourcing Knowledge Sharing S4: Share inventory knowledge 
. 784 5.7410*0 

(SKS) 
S5. Share delivery knowledge 1.000 11.11. 
S7: Formulate agreements/ contracts . 935 5.615000 

e-Sourcing 
S8: Participate in on-line auctions . 461 2,914*00 

(CS) 
S 10: Use exchanges/ portals 1.000 n. a. 
S 11: Use e-Vendor Managed Inventory (cVM 1) 1.239 2.893*00 

Delivering 

Second-Order Results 

Delivering Delivery Knowledge Sharing (DKS) 1.158 3.249*** 
Delivering e-Delivery (eD) 1.000 n. a. 

First-Order Results 

Delivery Knowledge Sharing D3: Nurture long-term relationships 1.632 7.316*** 

(DKS) 
D4: Share inventory knowledge 1.000 n. a. 
D5: Share delivery knowledge 1.631 7.339000 
D8. Participate in on-line auctions . 378 4.47000* 
D9. Use c-procurement/ automated transactions 1.000 n. 1. 

c-Dclivery DI 0: Use exchanges/ portals . 519 4.045*0* 
(eD) D 11: Use e-Vcndor Managed Inventory (cVM 1) . 565 4.435000 

DR4: Coordinate packaging returns from end users 1.069 7.30900* 
DR5: Ensure sufficient processing capability 1.074 7.304000 

1) *** p<0.00 1.2) *0 p<0.0 1.3) p<0.05.4) To define scales, one link has to - 1. These t-valucs are marked "not applicable" (n.; 
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Table 7.5 CFA Loadings for Underlying Dimensions of Sup ply Chain MatUTity 

(Continued) 

Construct Construct/ Indicator Factor Loading t-Value 

Making 

Second-Order Results 

Making Lean Making (I. M) 1.067 2.5170* 
Making Production Knowledge Sharing (PKS) 1.000 n. a. 

First-Order Results 

Lean Making (LM) M2: Implement Pull production . 862 4.051000 
M4: From functional to process orientation 1.000 n. a. 
MI; IT communications/ ERP 1.000 n. a. 

Make Communications (MC) M3: Programmes for quality and control 1.680 3.405**0 
M6: Dedicated Supply Chain Champions . 965 3.105*10 

NPD 

First-Order Results 
INPD 1: Product design/ improvement . 474 4.113 

NPD (NPD) INPD2: Control Engineering Change Order System 1.000 n. a. 
INPD4: Coordinate Purchasing for Prototypes 1.086 5.490600 
INPD6; Design 'for' effective SCM . 598 4.333000 

Upstream Returns 

Second-Order Results 

Upstream Returns Upstream Product Returns (URP) 4.392 2.936*00 
Upstream Returns Upstream Packaging Returns (URPK) 1.000 n. a. 

First-Order Results 

Upstream Product Returns URI: Coordinate product returns to supplier . 883 6.253*00 

(URP) 
UR2: Coordinate product returns from/ to end users 1.198 8.49000* 
UR7: Identify legitimate returns 1.000 n. a. 

Upstream Packaging Returns UR3: Coordinate packaging returns to supplier 1.000 11.2. 
UR4: Coordinate packaging returns from/ to end users 1.019 9.288000 

(URPK) UR8. Reduce returns processing cycle time . 814 6.121*0* 

Downstream Returns 

Second-Order Results 

Downstream Returns Downstream Product Returns (DRP) 2.610 3.916*0* 
Downstream Returns Downstream Packaging Returns (DRPK) 1.000 n. a. 

FlrstýOrder Results 

Downstream Product Returns DRI. Coordinate product returns from customer 1.250 6,143*$* 
DR2: Coordinate product returns from end users 1.135 5.6980*0 (DRP) DRI 0: Maintain customer confidence in returns process 1.000 n. a. 

Downstream Packaging DR3: Coordinate packaging returns from customer 1.000 n. a. 
Returns (DRPK) DR4: Coordinate packaging returns from end users 1.069 7.309*** 

DR5: Ensure sufficient processing capability 1.074 7.304000 
p<0.001.2) ** p<0.01.3) * p<0.05.4) To define scales, one link has to -I. These t-values are marked "not applicablc"(n... ) 

Furthermore, Table 7.5 indicates high degrees of convergent validity in both first and 

second-order constructs for all of the SCOR maturity dimensions. All of the first and 

second-order factor loadings were statistically significant and positive. Also, squared 

multiple correlations for the indicators were found to be within acceptable ranges. 
Discriminant validity, which measures the extent to which the constituent items of a 

scale measure only one distinct construct (Campbell & Fiske, 1959; Robinson, 1991) was 

ascertained by examining modification indices. These results are shown in Table 7.4 and 
reveal a high degree of divergence across factors as indicated by the lack of cross- 
loadings. The rule of thumb for evidence of lack of discriminant validity is modification 
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indices that are higher than 10. As the largest modification index encountered was 9.1, 

with most models lacking any cross-loadings, there is a high degree of discriminant 

validity among all SCOR maturity dimension constructs and measures. 

The results of the second-order CFA therefore indicate high levels of validity, and 

provide strong statistical support for the hypotheses HIa to HIg. Thus the underlying 
SCOR maturity dimensions of Upstream/ Downstream Planning, Sourcing, Making, 

Delivering, NPD and Upstream/ Downstream Returns can be defined in terms of 

collaborative knowledge sharing across associated practices. 

7.5.2 Validating the Supply Chain Maturity Construct 

Structural equation modelling (SEM) is an appropriate technique to validate a latent 

higher-order construct such as supply chain maturity (Bollen, 1989). This analysis did 

not, however, seek to validate the full supply chain maturity construct (Figure 7.1) on the 

full sample of 154 companies for two reasons. Firstly, validation of a $one size fits all' 

maturity construct is not appropriate given the diverse operational configurations prescnt 

within the sample. No single construct encompassing all practice dimensions applies 

across all Healthcare supply chain situations. Secondly, a one-step validation of the full 

supply chain maturity construct was not possible due to sample size limitations relating 

to the Upstream Planning, Sourcing, Making, NPD and Returns dimensions. 

Therefore a hierarchical SEM procedure was followed to establish validity of appropriate 

supply chain maturity constructs for different supply chain configurations and operations. 

Second-order hierarchical models using the previously defined maturity scale factor 

scores were subjected to the maximum likelihood method of estimation (Jorcskog & 

Sorbom, 1989). A baseline supply chain maturity model comprising Downstream 

planning and Delivering factor scores was first validated on the whole sample of 154. 

The validity of adding appropriate Upstream Planning, Sourcing, Making, NPD, 

Downstream Returns and Upstream Returns factor scores in turn to this baseline model 

was assessed on the reduced sample sizes of companies engaged in such operations. As 

with the CFA analysis above, the problem of correlated measurement errors was avoided 
by the second-order supply chain maturity construct explaining association among first- 

order dimensions. The results of the hierarchical SEMs are shown in Tables 7.6 and 7.7. 
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Table 7.6 Supply Chain Maturity Structural Equation Models: Summaly Statistics 

SENT Model 
SMC range Max X3 n is 2"' MI 

X11 df p df 
NFI 
~. 90 

CH 
>. 90 

RFI 
>. 90 

IFI 
>. 90 

TLI 
-. 95 

RMSEA 
<05 

1. Baseline: 222- 460- Downstream . 154 , 
. 748 2.08 - 1.02 1 . 313 1.02 . 995 1.00 . 969 1.00 . 999 . 011 

Plan & Deliver 

2. Baseline + 94 , 162- . 054- 
- 7.16 7 . 412 1.02 . 944 . 999 . 833 . 999 996 017 Upstream Plan 2.50 . 375 . . 

3. Baseline + 94 * 006- . 000- 7.71 6 . 260 1.29 . 966 . 992 . 916 . 992 . 980 . 055 Sourcing 27.3 2.14 

4. Baseline + 65 , 379- . 109- 10.6 7 . 155 1.52 . 925 . 970 . 774 . 973 . 909 . 090 Making . 792 1.70 

5. Baseline + 69 , 212- . 000- 31.0 18 . 029 1.72 . 898 . 951 . 796 . 955 903 069 NPD . 755 . . 4.51 

6. Baseline + 398- 379- 
Downstream 86 ' . 7.30 20.5 7 . 005 2.93 . 920 . 944 . 828 . 946 . 880 . 150 

. 922 1.32 
Returns 
7. Baseline + 288- 129- 
Upstream 53 * 1.25 . 

. 998 8.43 7 . 296 1.21 . 942 . 989 . 875 . 990 . 976 . 063 
Returns 

Criteria for Good Fit indicated for appropriate statistics. (Bollen, 1989; Hoyle, 1995; Marcoulides & Schumacker, 1996). 

For the baseline Model I in Table 7.6, incorporating Downstream Planning and 
Delivering, the highly insignificant chi-square p-value failed to reject the null hypothesis 

of the model being a good fit to the data. Further analysis of subjective fit criteria NFI, 

CFI, RFI, IFI, TLI and RMSEA also indicated high validity of this model. This baseline 

model indicated high degrees of convergent validity given that first and second-order 
factor loadings were statistically significant and positive (Table 7.8). Squared multiple 

correlations were within acceptable ranges. Discriminant validity for the baseline model 

was established by a lack of modification indices. The results for the baseline model 

therefore provided strong statistical support that Downstream Planning and Delivering 

represent appropriate dimensions of supply chain maturity for all I"' tier product 

suppliers to the healthcare sector. 

Similarly Models 2 to 7 in Table 7.6 indicate the validity of adding appropriate Upstream 

Planning, Sourcing, Making, NPD, Downstream Returns and Upstream Returns 

dimensions to the baseline Model 1, for the respective reduced sample sizes. In all cases, 

subjective fit criteria, SMC values, and modification indices all demonstrate valid models 
that fit the data. Chi-square values are sensitive to small sample sizes and therefore for 

these models more emphasis was placed upon subjective fit criteria (Byrne, 2001). 

Nevertheless, with the exception of NPD and Downstream Returns, the insignificant chi- 

square values fiWher confirm well-fitting models. 
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Table 7.7 SEM Loadings for Appropriate Supply Chain Maturity Constructs 

'Appropriate' Supply Chain 
Maturity Construct Construct/ Indicator Factor 

Loading t-Value 

Model 1: Downstream Plannin g+ Delivering (n-l 54) 

Second-Order Results 

Supply Chain Maturity Downstream Planning (DP) 1.000 n. s. 
Supply Chain Maturity Delivering (D) 

. 319 4.318000 
First-Order Results 

Downstream Planning (DP) Downstream Future Demand Planning (DFDP) 1.243 8.2330*0 
Downstream Customer Satisfaction Planning (DCSP) 1.000 n. a. 

Delivering (D) Delivery Knowledge Sharing (DKS) 1.657 5.308004 
c-Delivery (cD) 1.000 n. a. 

Model 2: Downstream Plannin g+ Delivering + Upstream Planning (n-94) 

Second-Order Results 

Supply Chain Maturity Downstream Planning (DP) 1.000 n. a. 
Supply Chain Maturity Delivering (D) . 227 2.5300* 
Supply Chain Maturity Upstream Planning (UP) . 366 3.840*** 

First-Order Results 

Downstream Planning (DP) Downstream Future Demand Planning (DFDP) . 840 5.391*** 
Downstream Customer Satisfaction Planning (DCSP) 1.000 n. a. 

Delivering (D) Delivery Knowledge Sharing (DKS) 1.023 2.34500 
c-Delivery (eD) 1.000 n. a. 

Upstream Planning (UP) Upstream Future Supply Planning (UFSP) . 233 1.309 
Upstream Supply Satisfaction Planning (USSP) 1.000 n. a. 

Model 3: Downstream Plann ing + Delivering + Sourcing (n-94) 

Second-Order Results 

Supply Chain Maturity Downstream Planning (DP) . 439 4.3850*0 
Supply Chain Maturity Delivering (D) 1.000 n. a. 
Supply Chain Maturity Sourcing (S) Amo . 878 

First-Order Results 

Downstream Planning (DP) Downstream Future Demand Planning (DFDP) 1.418 7.147000 
Downstream Customer Satisfaction Planning (DCSP) 1.000 n. a. 

Delivering (D) 
Delivery Knowledge Sharing (DKS) 

* 
1.505 7.8410*0 

e-Dclivery (cD) 1.000 n. a, 

Sourcing (S) 
Sourcing Knowledge Sharing (SKS) 

a 
1.000 n. a. 

e-Sourcing (cS) . 015 . 013 

Model 4: Downstream Plann ing + Delivering + Making (n-65) 

Second-Order Results 

Supply Chain Maturity Downstream Planning (DP) . 636 4.081040 
Supply Chain Maturity Delivering (D) 1.000 n. a. 
Supply Chain Maturity Making (M) . 219 1.8500 

First-Order Results 

Downstream Planning (DP) Downstream Future Demand Planning (DFP) 1.372 6.503000 
Downstream Customer Satisfaction Planning (DCP) 1.000 n. s. 

Delivering (D) Delivery Knowledge Sharing (DKS) 1.247 6.453*** 
c-Dclivery (eD) 1.000 n. a. 

Making (M) Lean Making (LM) 
. 924 1.771* 

Production Knowledge Sharing (MKS) 1.000 n. a. 
*** p<0.001.2) ** p<0.01.3) 0 p<0.05.4) To define scales, one link has to - 1. These t-valucs are marked "not applicable" (n. a. ) 

5) ' Indicates residual error correlation between items. 
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Table 7.7 SEM Loadings for Appropriate Supply Cbain Maturity Constructs 
(Continued) 

'Appropriate' Supply Chain Factor 
Maturity Construct Construct/ Indicator Loading t-Value 

Model 5: Downstream Planning + Delivering + NPD (n-69) 

Second-Order Results 

Supply Chain Maturity Downstream Planning (DP) 
Supply Chain Maturity Delivering (D) 
Supply Chain Maturity NPD (NPD) 

First-Order Results 

Downstream Planning (DP) Downstream Future Demand Planning (DFDP) 
Downstream Customer Satisfaction Planning (DCSP) 

Delivering (D) Delivery Knowledge Sharing (DKS) 
e-Delivery (cD) 
INPD 1: Product design/ improvement 

NPD (NPD) INPD2: Control Engineering Change Order System 
INPD4: Coordinate Purchasing for Prototypes 
INPD6: Design "for' effective SCM 

Model 6: Downstream Planni ng + Delivering + Downstream Returns (n-86) 

Second-Order Results 

Supply Chain Maturity Downstream Planning (DP) 
Supply Chain Maturity Delivering (D) 
Supply Chain Maturity Downstream Returns (DR) 

First-Order Results 

Downstream Planning (DP) Downstream Future Demand Planning (DFDP) 
Downstream Customer Satisfaction Planning (DCSP) 

Delivering (D) Delivery Knowledge Sharing (DKS) 
e-Delivcry (cD) 

Downstream Returns (DR) Downstream Product Returns (DR. P) 
Downstream Packaging Returns (DRPK) 

Model 7: Downstream Planni ng + Delivering + Upstrtam Returns (n-53) 

Supply Chain Maturity 
Supply Chain Maturity 
Supply Chain Maturity 

Downstream Planning (DP) 

Delivering (D) 

Upstream Retums (UR) 

. 319 4.324*0* 
1.000 n. a. 
. 032 . 267 

1.246 8.222*00 
1.000 n. a. 
1.651 5.323000 
1.000 n. a. 
. 434 3.965*** 

. 915 5.482000 
1.000 n. a. 
. 546 4.4120" 

. 893 7.3090*0 
1.000 n. a. 
. 507 4.6070** 

. 863 10.456*** 
1.000 n. L 
. 969 8.20900* 
1.000 n. s. 
1.203 6.781*0* 
1.000 n. s. 

1.220 6.332000 
1.000 n. a. 
. 402 2.950000 

. 785 
1.000 

. 967 
1.000 

. 473 

1) *** p<0.001.2) 00 p<0.01.3) * p<0.05.4) To dcfine scales, one of links has to - 1. These t-values are 
(n. a. ) 5) ' Indicates residual error correlation between items, 

"not anDlical 

8.6960** 
n. a. 

6.299000 
n. s. 

1.6670 
n. s. 

Significant factor loadings for Models 2 to 7 in Table 7.7 further confirm convergent 

validity of the appropriate Downstream Planning, Delivering, Making, Downstream 

Returns and Upstream Returns dimensions. Three insignificant factor loadings related to 

the Upstream Planning, Sourcing and NPD dimensions may have been due to 

confounding effects of a reduced sample size, complexities relating to the different 

upstream configurations, and the internal nature of the NPD survey measures. These 

insignificant dimensions are discussed further in Section 7.6. 

Second-Order Results 

Downstream Planning (DP) 
Delivering (D) 
Upstream Returns (UR) 

First-Order Results 
Downstream Future Demand Planning (DFDP) 
Downstream Customer Satisfaction Planning (DCSP) 
Delivery Knowledge Sharing (DKS) 
c-Delivery (eD) 
Upstream Product Returns (URP) 
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7.5.3 Impact of Supply Chain Maturity Dimensions upon Multiple Performance 

Measures (Hypotheses H2a-1) 

Relationships between the underlying maturity dimensions and multiple supply chain 

performance measures were investigated simultaneously using set correlation (SC) 

analysis. SC analysis is a sophisticated technique that permits a set of dependent 

variables to be simultaneously related to a set of independent variables (Cohen et al., 

2003). It is a truly multivariate method that addresses shortcomings of more common 

methods by providing a single measure of association between data sets and a single 
framework for variable association, parameter estimation, hypothesis testing, and 

statistical power analysis. We conducted the SC analyses in line with Cohen et al. (2003) 

and Vastag and Montabon (2001) examples. 

Due to sample size constraints two separate SC analyses were undertaken: 

1. A full consideration of all 15 underlying dimensions against all 8 

performance measures, on the very reduced sub-sample of 33 companies 
for whom all dimensions were appropriate. Whilst this analysis proved 
insightful, it resulted in a low statistical power, higher likelihood of Type I 

errors (invalid null hypothesis rejection) and thus permitted only restricted 
interpretation of results. 

2. A reduced consideration of only the 'baseline' practice dimensions relating 

to Downstream Plan and Deliver against a reduced set of performance 

measures, on the full sample of 154 companies. This analysis resulted in 

high statistical power, reduced likelihood of Type I errors and thus 

improved interpretation. 

Table 7.8 shows the results for the first SC analysis. The multivariate Ry, x quoted for SC 

is a generalization of the simple bivariate r2 and multiple R2 (Rozcboom, 1965; Van dcn 

Burg & Lewis, 1988). It represents the proportion of generalized variance of the 

dependent variable set accounted for by the independent variable set. The obtained 

2 Ry, x value of 99.9% and 'shrinkage' K' value of 97.4% indicate an extremely high YIX 

degree of multivariate association between performance measures and supply chain 

maturity dimensions. Rao's F value of 2.14 rejects the null hypothesis of no association 
between sets at the p<00 I level (Rao, 1975). 
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The r2 (set X to Y) values in Table 7.8 B gives the equivalent measure of association to 

that of a multivariate regression Rý, and is significant for inventory Turns and Days WIP. 

A very high proportion of the variance for Inventory Turns (68%) and Days WIP (60%) 

was explained by the supply chain maturity dimensions. Thus the hypothesis (112a) that 

the dimensions underlying supply chain maturity will have a significant impact upon 

supply chain performance measures is supported. 

At the individual scale levels, several significant impacts were observed. Cohen et al. 
(2003) advise the prudence of requiring the multivariate test be significant as a 

precondition for assessing tests on individual variables. Thus for the significant 

multivariate associations, the following impacts were observed at individual variable 
levels and corresponding hypotheses supported: weakly significant beneficial impacts of 

e-Sourcing and Make Knowledge Sharing dimensions upon Inventory Turns (112b, H2c); 

weakly significant detrimental impact of Delivery Knowledge Sharing upon Inventory 

Turns (H2i); significant beneficial impact of Sourcing Knowledge Sharing in reducing 
Days WIP Inventory (H2e); and significant detrimental impact of Downstream Product 

Returns upon Days WIP Inventory (H2h). However, with large sets and smaller sample 

sizes such as this Cohen et al. (2003) warn against Type I error inflation. Furthermore the 

statistical power estimate of only 25% (p = . 05) for the first SC analysis cautions against 

over-interpretation of the results. Hence the second SC analysis was conducted with 

reduced sets using the full sample size. 

Table 7.9 shows the results for the second SC analysis. The multivariatc R, '.. value of 

30.6% and 'shrinkage' ky. 
x value of 15.3% indicate acceptable degrees of multivariate 

association between performance measures and Downstream Planning and Delivering 

related maturity dimensions. Rao's F value of 1.88 rejected the null hypothesis of no 

association between sets at the p<. 008 level. Several r2 (set X to Y) values were 

significant and indicated acceptable levels of explained variance for Inventory Turns 

(8.8%), Percentage Customer Order Fulfilment (5.2%), Percentage Demand Forecast 

Accuracy (10.6%), Days WIP Inventory (4.8%) and Days Finished Goods Inventory 

(5.7%). Thus the hypothesis that the SCOR dimensions underlying supply chain maturity 

will have a significant impact upon supply chain performance measures is further 

supported by this SC analysis. This SC analysis followed the Cohen ct al. (2003) 

guidelines to guard against Type I error and achieved a statistical power estimate of 95% 

(P = . 05). 
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Thus results from the SC analysis in Table 7.9 can be further interpreted at the individual 

variable levels and corresponding hypotheses supported: Downstream Customer 

Satisfaction Planning had significant beneficial impact upon the multiple performance 

measures Inventory Turns, Percentage Customer Orders Fulfilled and Percentage 

Demand Forecast Accuracy (H2g); Delivery Knowledge Sharing had a significant 
beneficial impact in terms of reducing Days Raw Materials Inventory and Days WIP 

Inventory (112f); and Downstream Future Demand Planning had a weakly significant 
impact upon Days Finished Goods Inventory (H2d). 

In addition, a further two surprising results were identified relating to the unpredicted 

significant negative impacts of the underlying Downstream Future Demand Planning 

maturity dimension upon Percentage Customer Orders Fulfilled and Percentage Demand 

Forecast Accuracy. These results could not be ignored given the high statistical 

significance and power of this SC model, as well as the significance of respective 

multivariate associations. Conventional supply chain wisdom would expect that 

collaborative knowledge-sharing across associated practices of optimising the supply 

chain to reduce future crisis situations, predicting future demand and coordinating future 

delivery dates would have a positive impact upon customer order fulfilmcnt and demand 

forecast accuracy. One possible explanation in an evolving supply chain context such as 

healthcare could be simply that I" tier suppliers and healthcare customer organisations 

are still not very good at these practices. In which case, if the respective supply chain 

partners are currently incapable of accurately predicting future demand, of foreseeing 

potential crisis situations or of coordinating required deliveries, then no amount of 

collaborative knowledge-sharing across these practices will lead to improved 

performance. In fact, high levels of knowledge-sharing in such instances is liable to 

compound the problem resulting in deteriorating performance. This highlights a possible 

area of underdeveloped supply chain maturity. 

7.6 THEORETICAL CONCLUSIONS AND MANAGERIAL 
IMPLICATIONS 

This study has achieved its aim of further developing the supply chain maturity concept. 
Valid and reliable maturity measures, scalcs and constructs have been formulated and 

their impact upon performance in the evolving Healthcare supply chain context has been 

assessed. This investigation builds-upon existing literature to formulate a conccptual 
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framework of supply chain maturity. The development of this framework pertains to 

collaborative knowledge-sharing across appropriate practices, and thus is potentially 

applicable to differing supply chain operational permutations. More specifically, the role 

of supply chain maturity in the UK Healthcare service sector has been assessed through 

empirical investigation of specific supply chain operations relevant to I" tier product 

suppliers. 

In developing the maturity framework this study has gone beyond asset, data, and 
infon-nation levels of exchange to encompass explicit and tacit dimensions of 

collaborative knowledge exchange. The conceptual development has drawn upon both 

the supply chain management and knowledge management streams of literature, and is 

based upon the Supply Chain Council SCOR model. Thus the supply chain maturity 

concept is potentially robust across multi-functional academic and practitioner 

communities. Furthermore, by addressing appropriate practices relating to differing 

supply chain operations, this study contributes to supply chain research through 

developing survey techniques that go beyond dyadic restrictions and could open up 
further areas of study (discussed in Section 7.7. ) 

Whilst recognising the limitations of survey-based research (outlined in Section 4.1.1), 

and emphasising that care be exercised not to over-gencralise specific findings beyond 

the UK Healthcare contexts sampled, the empirical results of this study indicate three 

broad theoretical conclusions. Firstly, the results indicate that the SCOR model 

constitutes an appropriate practice framework upon which to build a knowledge-bascd 

supply chain maturity concept. Answering recent calls to pay closer attention to 

practitioner developments, a review of practices has identified maturity measures related 

to each dimension of Plan, Source, Make, Deliver, NPD and Returns. Through 

confirmatory factor analysis (CFA) techniques, valid and reliable scales were formulated 

for each of these dimensions. All related hypotheses Telating. to the detailed composition 

of these scales were strongly supported by statistical analysis. 

Secondly, results from the hierarchical structural equation modelling indicate high 

statistical validity of the supply chain maturity framework as pertaining to knowledge 

sharing across appropriate practice dimensions. More spccif ically, Downstream Planning 

and Delivery dimensions constitute a baseline supply chain maturity framework for the 
I" tier healthcare product suppliers sampled. Furthermore, the validity of adding 
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appropriate Make and Upstream/ Downstream Returns maturity dimensions to relevant 

supply chain operational contexts was empirically supported. Nevertheless, whilst 
knowledge-sharing across each of the dimensions is indicated to be valid and 

substantively important, not all dimensions could be assumed to represent a significant 

addition to the framework. Results indicate Upstream Planning and Sourcing dimensions 

to be insignificant despite apparent appropriateness. There arc three possible 

explanations: i) reduced sample sizes could have resulted in failure to identify significant 

relationships with appropriate dimensions; ii) confounding effects of differing upstream 

configurations could prevent knowledge-sharing with all upstream partners across all 

appropriate dimensions from being significant; or iii) levels of maturity for these 

dimensions are possibly not sufficiently developed in this sample of I" tier healthcare 

suppliers for them to be a significant addition to the framework. These issues possibly 

merit further investigation. 

Similarly, whilst its inclusion creates a valid model, results indicate that the NPD 

dimension is not a significant component of the supply chain maturity framework despite 

apparent appropriateness to many suppliers. In addition to the above mentioned effects of 

reduced sample size or insufficient levels of development, possible explanations for such 
insignificance of the NPD maturity dimension could include: i) additional complexities 

relating to the extensive internal and external nature of NPD operations that were not 

picked-up in this study; or ii) a vindication for the Supply Chain Council not including 

the NPD dimension in their SCOR model. These uncertainties possibly warrant further 

research. 

Thirdly, the results from this empirical investigation indicate strong statistical support 

regarding the significant impact of supply chain maturity dimensions upon performance. 

Furthermore, the results indicate the possibility of supply chain maturity being 

underdeveloped, aptly developed or overdeveloped in an evolving context such as 

Healthcare. Aptly developed maturity dimensions are indicated as potentially positively 

driving performance measures. For example, c-Sourcing and Make Knowledge Sharing 

maturity were indicated to beneficially effect inventory turns. Maturity dimensions of 

Sourcing Knowledge Sharing and Downstream Future Demand Planning were indicated 

as beneficially reduced work-in-progrcss and finished goods inventories rcspcctivcly. 

The results indicate that Delivery Knowledge Sharing maturity has a bcncficial cffcct in 

reducing both raw materials and WIP inventories. Also, the results indicate that Maturity 
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in terms of Downstream Customer Satisfaction Planning potentially has the most 

significant positive impact upon performance, driving inventory turns, customer order 
fulfilment and demand forecast accuracy. 

Nevertheless, the results also indicate that not all potentially aptly developed supply 
chain maturity dimensions can be assumed to have beneficial impact upon all 

performance measures. Engaging in particular supply chain operations might have 

unavoidable detrimental impacts upon certain performance measures. For example, the 

results indicate that Downstream Product Returns maturity could cause an adverse effect 

upon work-in-progress possibly as a consequence of returned product being reworked. 

The study results also indicate the potential for over- or underdeveloped maturity 
dimensions that could have a significant detrimental impact upon certain performance 

measures. The empirical analysis indicates a possible over-development of Delivery 

Knowledge Sharing maturity that could have a negative impact upon inventory turns. 

Such potential maturity over-development could be the result of 'corporate myopia' and/ 

or 'organisational inertia' phenomena recognised by the knowledge management 
literature. This is similar to the 'competency trap' phenomena discussed in Essay 2 

(Chapter 6) in that the customer could feasibly exploit excessive knowledge sharing 

across delivery practices to push inventory problems onto the supplier. A potential under- 
development of supply chain maturity was found in the surprising results indicating 

adverse effects of Downstream Future Demand Planning upon customer order fulfilment 

and demand forecast accuracy. These effects are counter-intuitive to conventional supply 

chain wisdom but could be a signal of V` tier suppliers and Healthcare service provider 

customers that are relatively immature in this dimension. It could be argued that 
knowledge sharing may only be worthwhile with supply chain partners that have 

valuable knowledge. Attempting to leverage knowledge from a customer that is 

relatively ignorant of future demand might be counter-productivc. Thus the analysis 
indicates that demand planning could be a potential area for further maturity 
development in the Healthcare sector. 

Finally, the results of this investigation indicate the following possible managerial 
implications: 
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1. Managers should perhaps seek to develop apt levels of supply chain maturity 

across those dimensions appropriate to their own supply chain configurations and 

operations. 

2. Specific maturity dimensions are indicated to drive particular performance 

measures. Supply chain managers should perhaps attempt to develop those 

dimensions most likely to have beneficial impact upon priority performance 

criteria. 

3. Certain maturity dimensions might not always have a positive impact upon all 

performance measures. Trade-offs may exist. Developing apt maturity in certain 

supply chain operations, such as product returns may lead to unavoidable 
inefficiencies in other areas. 

4. Myopic knowledge sharing could result in the possible under- or over- 
development of certain maturity dimensions and potential negative impact upon 

performance measures. For example, over-developed or excessive levels of 
delivery knowledge sharing could lead to opportunistic supply chain partners 

pushing inventory inefficiencies onto others. Also, maturity dimensions might 

remain under-developed, with potential consequential loss in performance, if 

efforts are made to leverage knowledge from relatively ignorant supply chain 

partners. In the Healthcare supply chain, downstream demand knowledge appears 

to represent an area for possible further development. 

7.7 FURTHER RESEARCH 

Whilst this study has made specific contributions to identified literature gaps, it also 
indicates scope for further research in two areas: 1. To further conceptual understanding 

of knowledge mechanisms underlying collaborative supply chain integration; and 2. To 

improve contextual understanding of supply chain management in service-orientcd 

sectors. 

In addition to the areas identified in the above discussion, it is hoped that other 

researchers will be attracted to the following specific issues: 
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A. Uncertainties remain concerning the significance of specific dimensions to the 

supply chain maturity concept. Replicating this research study using larger sample 

sizes could clarify whether the observed insignificances where due to 

methodological constraints or other phenomena. 
B. This study indicates a need for further research to identify specific contingency 

effects of collaborative supply chain integration. It may no longer be sufficient to 

assume positive impact upon performance of all supply chain practices in all 

contexts. When are there negative impacts? What are the trade-offs? 

C. Applying other analysis techniques, such as cluster analyses or multidimensional 

scaling, could provide ftirther insights as to relative levels of supply chain 

maturity development between organisations. Furthermore, the study of supply 

chain maturity across different sectors and replication across geographical areas 

could provide interesting comparative opportunities and lessons to be learned. 

Possible sectors for analysis include manufacturing, construction, retail, financial 

services, and government organisations such as national defence logistics. 

D. The web-based survey methodology developed in this study could present 

potentially insightful avenues for further research. For example, does the supply 

chain position have an impact upon appropriate maturity development and 

pcrformance? The new research methodologies also present new potential 

opportunities for expanding the scope and complexity of investigation. One area 

that could benefit from such methodologies would be to expand the unit of 

analysis from the individual firm to the whole supply chain. 
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CHAPTER 8- OVERALL CONCLUSIONS 

This thesis set out to empirically investigate "where are we now in the evolution of 

supply chains and what has to occur to advance along the continuum? " (Bowersox et al., 
2000). The broad literature review in Chapter 2 outlined the development of important 

supply chain paradigms such as lean, agile and leagile, and the twinned concepts of 

collaboration and integration that underpin much of modem supply chain thinking. Two 

important conceptual and contextual gaps in the literature were identified as presenting 

potential barriers to the continued evolution of supply chain theory and practice. The first 

gap related to the conceptual need for supply chain research to go beyond the analysis of 

assets, data and information to encompass the exchange and development of knowledge 

dimensions. The second gap related to the evolution of new supply chain contexts that 

extend beyond manufacturing into service-oriented sectors. This study sought to explore 

these gaps in supply chain understanding through the adoption of relevant theories and 

concepts particularly from the knowledge management stream of literature. A 

conceptual framework for supply chain knowledge management was formulated in 

Chapter 3, comprising mechanisms associated with the dimensions of knowledge transfer 

between supply chain partners; the development of supply chain competence; and the 

evolution of supply chain maturity. Appropriate research methodologies were identified 

in Chapter 4 and three separate mail, telephone and Internet survey data collections were 

employed. Empirical analysis of the three data collections constituted the basis of the 

consecutive essays in Chapters 5,6 and 7 investigating the impact upon performance of 

each knowledge dimension within appropriate manufacturing and/ or service contexts. 

This final chapter draws upon the findings from the three essays to present the overall 

contributions of the study at three levels: firstly to the supply chain management 
literature; secondly methodological contributions; and thirdly, managerial implications. 

The chapter closes by indicating the limitations of the study and provides suggestions for 

future research. 

8.1 CONTRIBUTIONS TO THE SUPPLY CHAIN MANAGEMENT 
LITERATURE 

This thesis considered the 'where are we now' aspect of the above Bowersox et al. 
(2000) question through an extensive review of supply chain management theory and 
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practice. The review found a growing recognition amongst researchers that much of the 

existing literature is limited to analysing efficiency of asset, data and information flows 

within manufacturing contexts. Furthermore, the review identified that many 

organisations still struggle with implementing supply chain management concepts in the 

real-world, and that there is significant potential for continued evolution of supply chain 
theory and practice. Further synthesis of seminal supply chain and strategic management 
literatures, identifies that to 'advance along the evolutionary continuum' more profound 

understanding is needed regarding the exploitation of expertise and leveraging of 
knowledge across traditional and emerging supply chain contexts. 

Through empirical analysis of such evolutionary issues, this doctoral study has sought to 

contribute to two recognised gaps in the supply chain literature relating to: 

1. The exchange and development of knowledge dimensions in supply chains, 

2. The consideration of manufacturing and evolving service-oriented supply chain 

contcxts. 

This study aims to contribute to the first gap by answering calls from operations 

management and supply chain researchers to bring new perspectives into the field. By 

adopting relevant theories from the knowledge management stream of literature this 

study intends to help extend the conceptual scope of existing supply chain management 

research. Similarly, this study aims to contribute to the second gap and help expand the 

contextual range of supply chain management research by conducting empirical 

investigations across manufacturing, services and healthcare contexts. 

Building upon existing literature to investigate the above gaps, this study has made broad 

potential contributions towards developing supply chain theory with a view to improving 

performance. These broad potential contributions are outlined in Section 8.1.1. 

Furthermore, each of the individual empirical essays in Chapters 5,6 and 7 has identified 

possible new phenomena relating to the impact of knowledge dimensions in 

manufacturing and service supply chains, and proposed possible theoretical explanations. 
The most significant of these specific findings are summarised in Section 8.1.2. 
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8.1.1 Broad Contributions 

Relating to the above supply chain literature gaps, this study makes four broad potential 

contributions. Firstly, this study explicitly combines supply chain and knowledge 

management literatures and formulates a unifying conceptual framework for supply 

chain knowledge management. The unifying framework incorporates several 

organisational learning and knowledge management theories that are relevant to supply 

chain contexts. Each of the knowledge management concepts is consistent with and 

meaningful in the field of operations/ supply chain management. The three-stage 

framework has helped guide the empirical analyses of this study and may help with 

future research combining supply chain and knowledge management perspectives. In 

addition to answering calls from operations management researchers to adopt conceptual 

perspectives from the field of knowledge management, the framework has been 

supported by the separate empirical analyses indicating the importance of managing 

knowledge dimensions in supply chain contexts. Each of the sequential essays in 

Chapters 5,6 and 7 indicate that the 'knowledge lens' reveals potentially important 

supply chain phenomena and possibly provides new insights for further theory 

development. Each essay indicates specific supply chain knowledge transfer, competence 

and maturity dimensions to be significant drivers of supply chain performance. Whilst 

observed impacts upon performance support existing supply chain theory, several of the 

findings indicate complex dynamics that go beyond conventional supply chain wisdom. 

The rationale behind the conceptual extension of arcs of integration to encompass the 

collaborative exchange and development of expertise and knowledge has thus been 

empirically supported. 

By explicitly bringing the discipline of knowledge management to bear on issues of 

supply chain management, a second broad potential contribution of this study is a more 

profound understanding -of the knowledge-based dynamics underlying collaborative 

supply chain integration. The empirical analyses indicate significant beneficial impacts 

associated with leveraging knowledge and exploiting expertise wherever it lies in the 

supply chain. These empirical results indicate support for the further development of 

supply chain paradigms such as lean, agile and leagile that propose extensive levels of 

coordination and collaboration beyond the exchange of assets, data and information. 

Findings from the investigation of knowledge transfer, competence and maturity 

dimensions indicate the need to manage more complex mechanisms in order to maximise 
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benefits from collaborative integration. These mechanisms represent potentially 
important areas for continued evolution of the supply chain. 

Having indicated the possible importance of the extended knowledge-based perspective 

within manufacturing contexts, the third broad potential contribution of this study is to 

expand contextual scope of supply chain research into service-oriented operations. 

Whilst recognising that the intangible aspects of service delivery are beyond the scope of 

this thesis, it signals that a good starting point for improving understanding of service 

supply chains lies in the upstream supply of physical goods. This has been identified as a 

specific gap in the supply chain literature as few services do not depend to some extent 

upon product suppliers. The investigations of financial services and healthcare service 

sectors in this study indicate a dependence upon product suppliers in order to facilitate 

service delivery. This study sought to contribute to the contextual expansion of existing 

supply chain literature in two ways; firstly by comparing and cross-validating the 

application of an established supply chain competence construct across upstream facing 

functions of both manufacturing and service sectors; and secondly, by explicitly 

developing the supply chain maturity concept within an evolving service-oriented 

context. 

A fourth broad potential contribution lies in the rigorous empirical investigations and 

underlying methodologies developed as part of this study. Hypotheses and models 
derived from multi-disciplinary literature, explaining the scope, form, costs and benefits 

of supply chain knowledge management across different contexts are supported with 

empirical data, thus potentially contributing in a scientific manner to the continuing 
development and refinement of supply chain theory. Furthermore, the empirical 
investigations in this study take tentative steps towards the possibility of considering and 

measuring the whole supply chain. Whilst the data collected for this doctoral study is 

restricted to individual organisations, the underlying methodologies have been developed 

with a view to conducting more holistic supply chain research. This could represent a 

significant methodological contribution for future research to test theories relating to 

business dynamics moving towards supply chains (not individual organisations) being 

the effective unit of competition. This potential methodological contribution and 
implications for further research are discussed further in Sections 8.2 and 8.4. 
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8.1.2 Specific Contributions 

Beyond the broad potential contributions of the study as a whole, each of the three 
individual essays in Chapters 5,6 and 7 makes more specific potential contributions to 

the supply chain management literature. These essay-specific findings are summarised in 

the following sub-sections. 

8.1.2.1 Knowledge Transfer in Manufacturing Supply Chains 

The essay in Chapter 5 investigated knowledge transfer in manufacturing supply chains 

and sought to make three specific literature conýributions. Firstly, the results indicate 

empirical support for existing supply chain and knowledge management literatures 

proposing that knowledge obtained from external supply chain partners does have a 
beneficial impact upon internal operating performance. 

Secondly, the investigation possibly extends the existing literature by indicating that 

there are directional implications as to the value of the knowledge obtained from 

different supply chain partners. The findings indicate that, whilst all external knowledge 

inflows are beneficial to some degree, knowledge emanating from downstream supply 

chain partners is potentially more valuable in terms of improving operating performance 

than that coming from upstream suppliers. This indicates the possibility that the 

'bullwhip effect' is prevalent beyond the data and information levels at which it has 

previously been observed- and distortion of upstream knowledge could also occur. 

The third specific potential contribution of the essay in Chapter 5 is to provide empirical 

support for the goal of broad 'arcs' of supply chain integration from a knowledge-based 

perspective. Knowledge derived from an integrated supply chain, in which suppliers, 

manufacturers and customers work together to coordinate knowledge and reduce 

uncertainty or non-value adding activities, is indicated to have most beneficial impact 

upon operational perfonnance. 
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8.1.2.2 Competence in Manufacturing and Service Supply Chains 

The essay in Chapter 6 investigated competence within the upstream-facing purchasing 
function of manufacturing and financial services companies, and potentially makes three 

specific contributions to the operations management, supply chain and purchasing 
literatures. Firstly, the Narasimhan et al. (2001) supply chain purchasing competence 

construct that had been empirically developed for US manufacturing organisations is 

replicated and conceptually extended using European data. Furthermore, the construct is 

contextually expanded to incorporate manufacturing and service contexts. This 

potentially increases the scope and explanatory power of this supply chain competence 

construct. 

Secondly, the results indicate the purchasing competence framework to be equally valid 
for both manufacturing and financial service organisations. No other studies have been 

found that empirically demonstrate equivalence of an operations management or supply 

chain framework across manufacturing and service contexts. Whilst perhaps significant 
in itself, this potential contribution also suggests the possibility of transferring other 

conceptual. constructs from manufacturing to service operations, and vice versa. 

Thirdly, results indicate that specific supply chain competence dimensions significantly 
drive operational performance measures in manufacturing and service contexts. 
Operations management, supply chain and purchasing literatures are empirically 

supported by results indicating that each of the observed competence dimensions has a 

significant beneficial impact upon at least one supply chain performance criteria. Thus 

the development of supply chain competences is apparently warranted. A possible further 

extension to the literature is suggested by results indicating that not all competence 
dimensions have a significant positive impact upon all of the multiple performance 

measures. Evidence was also found of no significant impacts, or possible significant 

negative impacts. Whilst limitations of the survey-based methods used do not permit firm 

conclusions to be drawn on this point, these results do indicate some support for 

knowledge management literature warnings of 'competency trap' performance 
diminishing phenomena. More research is perhaps needed to confirm or refute these 

specific findings. Nevertheless the results from this study do indicate that perhaps supply 

chain academics and practitioners cannot expect generic development of supply chain 

competences to result in improvements on all performance measures. Rather, these 
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results suggest a contingent approach of tailoring specific competence configurations to 
improve those areas of performance that are most crucial to competitive success in any 

given situation. 

8J. Z3 Maturity in the Evolving Healthcare Supply Chain 

The essay in Chapter 7 builds-upon existing definitions of supply chain maturity relating 
to levels of collaboration across appropriate integrative practices, and develops the 

concept by empirically formulating measures, scales and constructs and assessing impact 

upon performance. Specific potential contributions to the literature are threefold. Firstly, 

a detailed knowledge-based supply chain maturity construct is proposed and statistically 

validated. Valid and reliable underlying maturity scales are created for collaboration 

across practices related to the dimensions of Plan, Source, Make, Deliver, New Product 
Development and Returns. Being derived from supply chain management and knowledge 

management academic literatures and the Supply Chain Council SCOR model, this 

maturity construct is potentially robust across multi-functional academic and practitioner 

communities. 

Secondly, empirical results indicate that the supply chain maturity framework is valid 

within the context of UK Healthcare. The analysis indicates each of the maturity 
dimensions to be statistically valid and substantively appropriate components of the 
framework. Downstream Planning and Delivering dimensions are found to represent a 
baseline maturity framework for the I" tier product suppliers sampled. Furthermore, the 

results indicate that Making and Returns dimensions are significant constituents of the 

maturity framework where operations call for such practices. However, Upstream 
Planning, Sourcing and NPD maturity dimensions are indicated to be insignificant 
despite apparent appropriateness to those companies engaged in related operations. 
Conflicting possible explanations for these surprising results perhaps warrant further 

research. 

Thirdly, whilst limitations of survey-based research methods must be recognised and 
specific results not over-generalised beyond the population sampled, findings relating to 
impact of maturity dimensions upon performance indicate support and potential 
extension of supply chain understanding. The empirical analysis suggests that maturity 
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may be underdeveloped, aptly developed or overdeveloped in an evolving context such 
as UK Healthcare. Results indicate that aptly developed maturity dimensions may 
positively drive performance measures. For example, maturity in terms of Customer 
Satisfaction Planning is indicated as having a beneficial impact upon several 
performance improvements. However, results also indicate that potentially over- or 
under-developed maturity dimensions could have a negative impact upon certain 

performance measures. Results indicating a potentially detrimental impact of over- 
developed maturity dimensions resemble specific detrimental impacts indicated by the 

purchasing competence investigation in Chapter 6. Similar explanations might be 

provided by the knowledge management concepts of 'competency traps', 'corporate 

myopia' and/ or 'organisational inertia', whereby an opportunistic supply chain partner 

could possibly exploit excessive knowledge sharing. Finally, the results indicate that an 

area of potentially under-developed maturity in UK Healthcare relates to Downstream 
Future Demand Planning. The possible negative impact of such under-developed 

maturity might be the result of attempting to leverage demand-related knowledge from a 

customer that is relatively ignorant of future demand. Thus this could represent a 

potential area for maturity development in the UK Healthcare supply chain. 

8.2 METHODOLOGICAL CONTRIBUTIONS 

As identified above, one of the potential contributions of this doctoral thesis lies in the 
investigations based upon good quality empirical survey data. The survey data 

collections in this study have been implemented to follow recognised guidelines and 
'ideal attribute' criteria for survey research in the operations management field. By 

applying established best practice this thesis indicates that good quality data can be 

obtained through mail, telephone and Internet survey techniques. 

Through the development of the web-based survey for the third essay, this doctoral study 
has attempted to improve upon existing Internet survey practice. A presentation of the 

new online methodology raised interest at the 2004 Decision Sciences Institute 

conference, and an invitation has been accepted to present the methodology in a 
professional development workshop at the 2005 DSI conference. Lessons from this 
development have also been incorporated within a forthcoming methodological note. 
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This web-based survey methodology development makes a further possible contribution 
to the supply chain literature by indicating the potential for extending the unit of analysis 
to the whole supply chain. Whilst this has remained an optimistic goal for some time 

amongst supply chain researchers, it would seem a distinct possibility in the future if 

such web-based survey methods can be developed to their full potential. 

A final potential methodological contribution of this study lies in the empirical analysis 
techniques used. In particular, two proven, yet still relatively novel techniques within the 

operations and supply chain management literatures, are applied. Firstly, the structural 

equation modelling technique of group invariance analysis was selected to test the 

equivalence of a supply chain competence construct across both manufacturing and 

service contexts. Secondly, the technique of set correlation analysis overcomes several 

shortcomings of more common multiple regression/ correlation methods and was chosen 
to simultaneously investigate the impact of supply chain competence and maturity 
dimensions upon multiple performance measures. Both of these techniques are 

recommended for use in future operations and supply chain management research. 

8.3 MANAGERIAL IMPLICATIONS 

The study's results may be used to help inform supply chain practice at different levels. 

Whilst the efficient flow of assets, data and information is apparently important to supply 

chain management, further evolution of practice and performance benefits would appear 

to be possible through learning how to most effectively leverage and develop the 

knowledge that potentially resides throughout the extended supply chain organisation. At 

a general level, this study indicates that the effective management of knowledge across 

the supply chain potentially has significant beneficial impacts upon performance. More 

specifically this study indicates that knowledge transfer, competence development and 

maturity evolution involve potentially important mechanisms that possibly require 

careful management to ensure improved performance in manufacturing and service 

supply chain contexts. 

The results of the individual investigations in Chapters 5,6 and 7 indicate the following 

more specific potential implications for managers: 
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a. The first essay indicates that manufacturing companies may benefit from 

sharing explicit knowledge with their external supply chain partners. 
Results indicate that those manufacturing companies that share explicit 
knowledge are most likely to make potential internal operational 
performance improvements. Results also suggest that whilst supply chain 
integration may be seen as the goal, limited resources might initially be 

focused on sharing explicit knowledge with specific supply chain partners 
in order to maximise return on effort. 

b. The second essay indicates that supply chain managers could work to 

develop functional competence configurations aimed at maximising 

contribution to contingent operational performance goals. Resources 

might best be allocated to develop those competences that potentially 
drive performance criteria re lated to specific competitive priorities. 
(Alternatively, if competences are deeply ingrained, a decision might be 

taken as to the feasibility of shifting the organisation's competitive 

strategy. ) To do this, managers may need to combine knowledge of 

strategic priorities and embedded competence levels. 

C. The third essay indicates that managers may develop supply chain 

maturity through suitable collaboration with supply chain partners to 
implement appropriate integrative practices. Results indicate that apt 
development of specific maturity dimensions can potentially lead to 

predictable performance benefits for differing supply chain operations. 

8.4 LIMITATIONS AND SUGGESTIONS FOR FUTURE 
RESEARCH 

To complement the specific suggestions for future research at the end of each essay in 

Chapters 5,6 and 7, the following sections outline broad areas for possible further 

investigation. Section 8.4.1 discusses some areas of future research that could help 

overcome certain limitations of this doctoral investigation. Section 8.4.2 suggests ideas 

for potentially insightful exploration related to the continuing evolution of supply chains. 
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8.4.1 Suggested Further Research to Address Limitations of this Study 

Whilst this study makes potential contributions to -the existing literature, it indicates 

considerable remaining scope regarding the investigation of knowledge-dimensions 

within supply chain contexts. There are important limitations with regard to what this 

study has achieved in terms of considering knowledge-based concepts within supply 

chains. Potential opportunities remain for future research in these areas. For example, the 

'tacit' dimension of knowledge is potentially important and yet has only been 

superficially considered on a broad level within the competence and maturity dimensions 

of the second and third essays. The first essay concentrated purely upon codified 
knowledge transfer. The research approaches adopted in this study have thus touched- 

upon, but not enabled the full capture of more profound tacit knowledge components. 
This also apparently represents a limitation in much of the knowledge management 
literature at-large, and considerable potential scope remains for improved research 

approaches to study such complex issues. 

The nature of the empirical methodologies carried out in this study enable the findings to 
be generalised with high degree of confidence to the specific populations being 

considered (i. e. 1. European manufacturing ISIC Division 38; 2. Large European 

manufacturing and financial services with turnovers in excess of f. 250m; and 3.1" tier 

product suppliers to UK Healthcare). Nevertheless, generalisation of the findings beyond 

these geographic and business sector characteristics should be undertaken with care. As 

Essay 2 constitutes the replication and cross-validation of an existing US manufacturing 

construct, the findings from that sub-study can, perhaps, be more liberally generalised. In 

the same vain, future international research aimed at empirical replication and cross- 

validation across different geographical and business areas could help refine the ranges 

of generalisability, and support or refute the findings of this doctoral study. In particular, 
both manufacturing and service supply chain studies would benefit from the inclusion of 

countries such as China and India. Similarly, comparative studies in other supply chain 

contexts such as Construction and Retail would possibly be illuminating. 

An additional methodological limitation inherent in survey data collection is respondent 
bias. Single respondents provide self-reported data for both independent and dependent 

variables, thus potentially introducing a bias that may skew the magnitude of empirical 

relationships. This is a limitation of almost all operations management survey research, 
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nevertheless future empirical investigations should employ more sophisticated research 
designs such as obtaining and incorporating external secondary data on firm performance 

or involving multiple respondents from any organization. 

To further gauge relevance and validity of the study findings in specific contexts, 
methodological 'triangulation' is suggested for future research through careful design 

and implementation of field-based methods such as case research or action research. 
Such research methods would also provide greater depth of understanding surrounding 
the knowledge-based mechanisms indicated by this investigation (e. g. organisational 
'myopia'). The results from this doctoral study could be used to identify potentially 
interesting and illuminating cases for further research. Furthermore, there is potential for 

enriching the basic theoretical constructs identified by this investigation through detailed 

case studies of several partner companies within a single supply chain. 

A final methodological limitation is related to the sample sizes achieved in this 
investigation. Whilst the sample sizes were adequate for each of the analyses conducted 
in Chapters 5,6 and 7, certain interesting avenues of investigation requiring larger 

samples were not possible. For example, with an increased sample size, a more detailed 

investigation could have been carried-out in Essay 2 regarding comparative competence- 

performance issues across manufacturing and financial service sectors. With sub-sample 

sizes of only 100, more elaborate structural equation and set correlation applications 

would have overstretched the data. Similarly, with a full sample size of 154 healthcare 

suppliers (which was correspondingly smaller for certain supply chain practices) the full 

supply chain maturity construct could not be validated in a single step in Essay 3. Future 

survey-based research could take account of these issues and attempt to obtain larger 

samples. 

8.4.2 Additional Ideas for Future Research 

Future research could continue to combine knowledge-based and supply chain 

perspectives. The implications of collaboratively integrating knowledge across supply 

chain partners will possibly have more far reaching implications than the integration of 
data and information considered in the existing supply chain literature. Continued 

knowledge-based research could be important to continue adding depth to supply chain 
understanding. The supply chain knowledge management framework formulated in this 
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doctoral study may provide an initial basis for such future research. This study has 

identified several parallel concepts (such as the benefits of inter-firm collaboration) 
between supply chain and knowledge management research streams, and the potential 

exists to further explore such inter-disciplinary cross-fertilisation between these 

literatures. The knowledge management stream has the potential of providing many more 

profound new insights to enhance supply chain understanding- and vice versa. 

Many opportunities appear to remain for investigating service supply chains. This study 

has identified upstream-facing functions such as purchasing, and upstream product 

suppliers as being valid starting-points for research into improving understanding of 

service-oriented supply chains. Since most service organisations depend upon the supply 

of goods in order to deliver a service, there are potentially more opportunities for such 

research. For example, upstream supply chain issues for travel and entertainment sectors 

such as airlines, restaurants and theme parks could be interesting areas of investigation. 

Also, notwithstanding research challenges surrounding the issue of 'intangibility' there 

are also considerable potential opportunities for developing supply chain theory 

surrounding service delivery. The obvious area for studying service delivery would be 

within service organisations, however additional research opportunities could be 

presented by the increasing importance of service delivery to traditionally 

manufacturing-oriented companies. 

The upstream supply chain appears to offer considerable opportunities for comparative 

research opportunities between manufacturing and specific service sectors- and 

particularly the study of product suppliers. Previous research has identified that very few 

business exchanges involve pure service or pure product offerings. The fact that most 

exchanges increasingly involve a bundle of goods and services could present challenges 

and opportunities for supply chain researchers to identify and analyse the contingencies 

that exist when a particular construct is transferred to a different setting. Researchers 

have investigated the transfer between manufacturing and services of theories from TQM 

and technology areas, and there remains potential scope for such research in supply chain 

management. 

The literature review also identified significant gaps relating to understanding of 
knowledge dimensions at the network level of analysis. Networks have not been 

considered in this thesis and present potential challenges and opportunities for future 
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research. Most of the preceding suggestions for future research could possibly also be 

applied to organisational networks, although considerable complexities of research 
design would perhaps have to be overcome. 

Finally, greater understanding as to the continuing evolution of supply chain theory and 

practice could perhaps be achieved through ongoing longitudinal studies. Whilst they 

represent considerable implementation challenges, longitudinal investigations can be 

powerful in identifying changes over time. As such they represent a much sought after, 
but nevertheless rare, form of empirical data collection. It could be particularly 
interesting to compare ongoing evolutionary trends of supply chain practices and 

perfonnance across business sectors. 

8.5 CHAPTER SUMMARY 

This thesis aims to contribute to two gaps in the literature relating to: 

1. The exchange and development of knowledge in supply chains, 
2. Consideration of manufacturing and evolving service-oriented supply chains. 

These have been identified as important areas relating to the continued evolution of 

supply chain theory and practice. Within these gaps, this thesis makes four broad 

potential contributions to the conceptual and contextual scope of existing supply chain 

management literature: 

A. This study combines supply chain and knowledge management literatures and 
formulates a unifying conceptual framework for supply chain knowledge 

management. 
B. By bringing knowledge management concepts to bear on supply chain contexts, 

this study helps develop understanding of collaborative supply chain integration. 

The investigation results indicate several impacts of leveraging knowledge and 

expertise in the supply chain, and thus the possible need to manage mechanisms 
beyond the exchange of assets, data and information. 

C. This study indicates that a good starting point for expanding contextual 

understanding into service-oriented supply chains lies in the upstream supply of 
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physical goods. The investigations indicate that Financial Services and Healthcare 
depend heavily upon product suppliers to facilitate service delivery. 

D. Multi-disciplinary hypotheses and models are statistically supported with 

empirical data collection and analysis, thus potentially contributing to the 
development of supply chain theory. 

In addition, results from each of the investigations developed within this thesis indicate 

the following specific findings: 

Essay I- ExRlicit Knowledge Transfer in Manufacturing Supply Chains: 

Explicit knowledge obtained from external supply chain partners is potentially 
beneficial. 

Explicit knowledge emanating from downstream has potentially greater positive 
impact upon operating performance than that from upstream. 
Knowledge derived from an integrated supply chain potentially has greatest 

positive impact upon operating performance. 

Essay 2- Competence in Manufacturing and Service Supply Chains: 

The Narasimhan et al. (2001) supply chain purchasing competence construct is 

replicated and extended in European manufacturing and service contexts. 
The competence construct is equally valid for manufacturing and services. 
Competence dimensions have a potentially beneficial impact upon at least one, but 

not all, performance criteria. Thus contingent 'competence configurations' could 
be developed. 

Essay 3- Maturity in the Evolving Healthcare Supply Chain: 

i) The supply chain maturity concept is developed. 

ii) A detailed supply chain maturity framework is validated within the evolving UK 

Healthcare supply chain. This includes dimensions of Planning, Sourcing, Making, 

Delivering, New Product Development and Returns. 

Supply chain maturity dimensions can be potentially 'underdeveloped', 'aptly 
developed', or 'overdeveloped, with possible consequential impacts upon 

performance. 
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This doctoral thesis also makes several potential methodological contributions. By 

applying existing guidelines, the investigation indicates that good quality data may be 

obtained through mail, telephone and Internet survey techniques. The development of the 

web-based survey represents a further possible contribution to supply chain research, 

offering the potential for future studies to extend the unit of analysis to the whole supply 

chain. A final possible methodological contribution is the adoption of new, sophisticated 

analysis techniques. 

Managerial implications are indicated regarding the potential for effective leveraging of 
knowledge residing in the extended supply chain organisation. 

Finally, suggestions are made for future research that could address limitations of this 

study, as well as to further explore new, potentially insightfifl, areas revealed by the 
findings. 
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APPENDIX 1. 

THE'INTERNATIONAL MANUFACTURING STRATEGY 
SURVEY'(IMSS) ADMINISTRATION AND PROTOCOL 

1. Population definition 

IMSS is oriented to single plants or Business Units within the company. Data in section 

A and D refer to the competitive and market strategy, and performance of the Business 

Unit, while data in section B and C refer to single plants. If more than one plant in a 

company is surveyed, more than one questionnaire needs to be completed. 

The following population definition was used for sampling companies: 

International Standard Industrial Classification of Economic Activities (ISIC- 1968): 
Major Division 3. Manufacturing 
Division 38. Manufacture of Fabricated Metal Products, Machinery and 

Equipment 

ISIC Definition 
381 Manufacture of metal products, except machinery and equipment 
382 Manufacture of machinery, except electrical 
383 Manufacture of electrical equipment apparatus, appliances and supplies 
384 Manufacture of transportation equipment 

385 Manufacture of professional and scientific and measuring and controlling 
equipment not elsewhere classified, and of photographic and optical goods, 

2. Sample selection 

The IMSS target was of 30 to 50 companies within each country. The major 

guidelines for selecting companies were the following: 

The sample was somewhat biased towards best practice companies within 

each country. 
There was no specific orientation to larger companies. However, in order to 

preserve the comparability of data, a limit of minimum 100 employees was 

set. 
IMSS is a longitudinal project, thus, for the countries that participated to 
IMSS I and/or 11, all the companies that were in the database in the previous 
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releases were targeted, in order to keep maximum the overlapping between 

the samples. 
iv) Companies belong to ISIC 38 industry sectors (ISIC 381 to 385). A balanced 

number of companies was gathered in each of the above 5 sub-industries (e. g. 

at least 5 units in each sub-industry): 
Convenience sampling (selecting companies with which you have preferred 

relationships) was accepted. However, adding to the convenience sample a 

number of randomly selected companies within the target population 

specified and verifying the homogeneity of the two sub-samples was 

encouraged. 

vi) If companies of country samples represent only one region of the country, this 

was specified in the information enclosed to the database. 

3. Planning and management 

i) The time schedule for the survey was specified from February to July 2001. 

The national research groups at their convenience defined the specific timing 

of the survey activities. 

ii) The questionnaire was completed by operations, manufacturing or technical 

managers of the company. In some cases (medium-sized companies), the 

general manager could answer most of the questions. Sometimes other 

functional area managers filled in some parts of the questionnaire. 

The IMSS questionnaire was in English. The national research groups could 

translate the questionnaire in order to ensure a higher reliability of the 

answers by the companies. 

iv) The suggested methodology for survey administration was a mail survey. The 

target response rate for IMSS was around 40 to 50%. In order to maximise the 

response rate the following indications were made. In some cases, where the 

national research group considered it necessary, the questionnaire was filled 

in through personal interview by the researchers (this applied mainly in the 

cases where it is very difficult to have responses to mail surveys, or in the 

case there was the risk of low reliability of the answers by the companies). 

-A cover letter was prepared to explain the project, highlighting the 

success of previous experiences and promising some form of feedback to 
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the company (e. g. blind benchmarking on performance or practices, etc. ). 
It was important to highlight that data would be treated as anonymous. 

- Addressed to the right person within the company. It was suggested to 

make preliminary contact with the company to identify the name of the 

right respondent and then address the cover letter to him/her. 

- Sometimes a preliminary phone call to explain the project could give 

more probability of answer by the company. 

- After the first mailing, a reasonable amount of time was given to complete 
the questionnaire, but not too long, in order to put some pressure on the 

company. 

- Follow-up letters or phone calls were made. (e. g. first reminder one week 

or so after the deadline) 

If there was the chance, the company had the opportunity to be supported 
in filling the questionnaire by a researcher (by phone and/or through 

personal visit). 

A second wave of questionnaires was sent if the target number of 

companies in the sample was not reached. 

Questionnaires could be send out by ordinary mail, by fax or by e-mail 

(avoiding the use of the questionnaire on the web which would introduce 

some bias, methodology and comparison problems that were to be 

avoided in this release of IMSS). 

- Non-respondent bias was checked. 

4. Data quality control 

Before final release of the IMSS data, several phases of checks of the quality of the data 

gathered were carried out. These checks involved the following points: 

i) Incomplete questionnaires: (if more than 40% of answers are missing) the 

questionnaire was returned to companies in order to have more information, 

or discarded. 

In general, missing answers were limited as much as possible. In some cases, 
a simple look at the questionnaire could translate missing in responses. Also a 

quick phone call to the company could solve most of the missing problems. 
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Check all the possible unreliable answers (e. g. all items = 5, too big or too 

small numbers compared to scale, sum of % equal to 100, etc. ). In this case, 

companies were asked to correct the data, cancel the unreliable data or discard 

the questionnaire. 
iv) Several iterations of the international data set were made to clean the data. 

The following are examples of how the data was cleaned: 

Section A: 

A2: Spanish companies reclassified in 381 to 385 format 

A6: Norway. Misclassification of "change in last 3 years". Changed from 0 

No Change, I Lower, 2 Higher classification to I Lower, 2 No Change, 3 

Higher 

A9 1: SPA9 30-40% changed to 35%, 

A92: SPA9 10-20% changed to 15%, 

Section B: 

PT2&3: Denmark: Percentages do not add up to 100%. Corrected by 

proportionalising absolute numbers into percentage figures. 

PC24a/b: DK4,11,17 Put "flexible worktime" in place of numeric 1-5. This 

information captured in PC23a/b anyway, so removed. 

Section D: 

D14: NI Absolute figure of $50,000 converted to ROS of 16% 

D 13 Italy- quoted in billions of Lira. Divided by 2000 to get $. 

5. UK Specific IMSS Methodology 

Data was collected from UK companies in line with the overall IMSS methodology 

guidelines. A target sample of UK companies was put together from: 

1.19 companies of the 24 that responded to the 1997 UK IMSS survey, and 
2.85 manufacturing companies that responded to a recent CBI industry survey 

carried out within London Business School. 

These companies were pre-checked for: 

a) The company still being in existence, 
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b) An approximately even balance between the ISIC classifications, 

c) Correct contact details of an appropriate person, 

d) The company still being in the appropriate ISIC classification. 

The total sample thus comprised 104 manufacturing companies falling within the ISIC 

classifications appropriate to the IMSS survey. The survey methodology employed was 

at all times as close as possible to that of the "total design method" of Dillman (1977) (as 

outlined above. ) Also most techniques from Frohlich (2002) were used to improve 

survey response. 
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APPENDIX 2. 

THE'EUROPEAN SPEND AGENDA'TELEPHONE SURVEY 
INSTRUMENT 

The following scripted questions were presented to targeted respondents by a trained 

telephone survey administrator from the reputable market research company 'Vanson 

Boume': 

"Good moming/aftemoon, my name is ............. from Vanson Boume. Please could 
I speak to (either named contact or) the person responsible for procurement and 
purchasing for the company? 

INTRODUCTION TO RESPONDENT 

I'm calling from Vanson Bourne. We are an independent market research company, 
and are currently talking to heads of purchasing & procurement in companies across 
Europe about how procurement & purchasing are managed. We are doing this 
research as part of an academic study on behalf of the London Business School. 

Please confirm that you are head of purchasing & procurement? IF NOT, SEEK 
ALTERNATIVE RESPONDENT 

I have a few questions, which should take about 10-12 minutes to complete. In return 
for your co-operation we would be happy to send you a summary copy of the report, 
so that you can compare your own situation with more than 250 companies like yours 
across Europe. I should also say that your responses will be treated confidentially 
and no one from the two sponsoring companies will receive or be able to get access 
to your individual responses. 

Firstly, please confirm the following information... " 

Name of Respondent: 
Job Title: 
Name of Organisation: 
Address: 
Tel. No.: 
Sector: 1. Financial Services 2. Manufacturing 
Turnover: 1. L250m-000rn (Euro 400m-800m) 

2. L500m-flbn (Euro 8OOm-1.5bn) 
3.; Elbn-L2bn (Euro 1.5bn-3bn) 
4. More than Ubn (Euro 3bn) 

"Now I have a few statements about how a company might manage its purchasing 
personnel and I'd like to know, on a scale of 1-5, how well each one describes the 
situation in your company. Score I means you strongly disagree with the statement 
in relation to your company, a score 5 means you strongly agree with it... " (6= don't 
know or refused) 
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Employee Competence 

Purchasing personnel receive adequate training in quali! Y and customer satisfaction 
12 F3 14 

_ 
15 --76 

Suppliers receive adequate training in quality and customer satisfaction 
12 13 14 15 16 

Purchasing performance evaluation is closely related to quality improvements 
12 13 14 15 16 

Purchasin2 Dersonnel have cavacitv to avoly innovative ideas 

Empowerment 

Purchasin2 versonnel are involved in key decisions affecting their jobs 
1121314156 

Purchasing perso el are involved in keX operational decisions 
112131456 

Purchasing person el have autonomy in their jobs 
112-1345 

Pmebming inersonnel have iob securitv 

The following questions were asked of manufacturing companies regarding collaboration 

for production and new product development: 

"These questions relate to how frequently purchasing is involved with other 
activities in the company. Again the scale is I to 5, where I is very infrequently and 
5 is very frequently. " (6= don't know or refused) 

Collaboration for Daily Production 

qn enn vnii Rrnre how frenuentiv ------ ? 

... does purchasing share 
knowledge with production? 

1 2 3 4 5 6 

... does purchasing share 
knowledge with quality 1 2 3 4 5 6 
control? 
... does purchasing collaborate 
in implementing production 1 2 3 4 5 
improvements? 
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Collaboration for New Product Development 

Ro- can vou score how freauentlv ? 

... does purchasing share 
knowledge with 1 2 3 4 5 6 
engineering/manufacturing? 
... does purchasing share I i 2 3 4 5 6 knowledge with R&D? 

- 
1 

... does purchasing collaborate 
in the creative phases of new 1 2 3 4 5 6 
product development? II I I 

The following questions were asked of financial services companies regarding 

collaboration for service operations and new service development: 

Collaboration for Daily Service Operations 

qn rin vnii qr-nre how freauentlv 

... does Purchasing share 
knowledge with operational 1 2 3 4 5 6 
departments? 

... does Purchasing share 
knowledge with the Quality 1 2 3 4 5 6 
Assurance department? 

... does Purchasing collaborate 
in implementing operational 1 2 3 4 5 6 
improvements? 

Collaboration for New Product or Service Development 

4Zn rnn unii ernrt-. hnw frenlientlv 

... does purchasing share 
knowledge with departments 1 2 3 4 5 6 
that design new products or 
services? 
... does purchasing share 
knowledge with departments 1 2 3 4 5 6 
that research future products or 
services9 
... does purchasing collaborate in 
the creative phases of new 1 2 3 4 5 6 
product or service development? 

Buyer - Supplier Relationship Management 

"Now I am going to read out a series of statements that relate to how purchasing 
relates to its suppliers and I'd like to know, on a scale of 1-5, how well each one 
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describes the situation in your company. Score I means you strongly disagree with 
the statement in relation to your company, a score 5 means you strongly agree with 
it. " (6= don't know or refused) 

Purchasing is actively 
involved in sharing risk with 1 2 3 4 5 6 
suppliers for capital 
investments 
Purchasing is actively 
involved in technical 1 2 3 4 5 6 
assistance and knowledge 
sharing with suppliers 
Purchasing is actively 
involved in joint production 1 2 3 4 5 6 

planning with suppliers 
Purchasing is actively 
involved in sharing cost 1 2 3 4 5 6 
savings with suppliers I I I __J 

IT Competence 

"On a scale of 1-5, where I is not at all and 5 is completely, to what extent does 
your current purchasing system do the following: " (6= don't know or refused) 

Provide company-wide 
visibility on spend and order 1 2 3 4 5 6 
tracking 
Drive best prices through open 1 2 3 4 5 6 
market e-auctions 
Facilitate buying of complex 1 2 3 4 5 6 
commodities 
Streamline the complete 1 2 3 4 5 6 

invoice to payment process 
Enable real-time knowledge 
transfer between buyer & 1 2 3 4 5 
supplier I I I 

Performance measures 

"What is the percentage of items obtained or orders made by your purchasing 
department that meet quality requirements? " 

All I 
More than 90% 2 
80%-90% 3 
70%-80% 4 
Less than 70% 5 
Don't know or refused 6 

295 



"What is the percentage of purchase orders that arrive at the scheduled time (neither 
too early or too late)? " 

All I 
More than 90% 2 
80%-90% 3 
70%-80% 4 
Less than 70% 5 
Don't know or refused 6 

"What is the approximate percentage of purchase orders emitted that contain errors 
in specifications, quantity, price, due date, or suchlike? " 

None I 
Less than 5% 2 
5%-10% 3 
10%-15% 4 
15%-20% 5 
More than 20% 6 
Don't know or refused 7 

"What is the average time from the receipt of a purchase requisition until the 
purchase order is sent to a supplier? " 

Same day 1 
1-2 days 2 
3-5 days 3 
Moe than 5 days 4 
Don't know or refused 5 

"And on a scale of 1-5, where I is very poorly and 5 is very well, please rate the 
following... " 

How well do your buyers 
know the items, suppliers, 
prices, and so on for which 
they are responsible? 

1 2 3 4 5 6 

How well does purchasing 
uphold standards of conduct, 
ethics, conventions, courtesy 1 2 3 4 5 6 
and other dimensions of 
professionalism? 
How well do buyers 
negotiate prices, terms of 

1 

sales, delivery dates and 1 2 3 4 5 6 
other conditions with 
suppliers? 
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"Thank you, that's all the questions. 

As I mentioned at the beginning of the interview, the responses you have given will 
remain completely confidential. 

Would you like to receive a copy of the summary report? Yes/ No 

Could I take your email address so that it can be sent to you? 

On behalf of Vanson Boume and London Business School, thank you for your time. " 
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APPENDIX 3. 

THE'EUROPEAN SPEND AGENDATELEPHONE SURVEY 
ADMINISTRATION AND PROTOCOL 

1. Population definition 

This telephone survey was oriented towards heads of purchasing in European 

manufacturing and financial services companies with a turnover in excess of E250 

million. The countries being considered were: France, Gennany, Italy, Benelux and the 

UK. 

2. Sample selection 

A stratified, random sample was created from a source database of 2180 manufacturing 

and financial services companies across the relevant countries. The target response of 

200 companies was achieved- equally divided betwe 
' 
en the manufacturing and financial 

services sectors. The survey administrator ensured that the correct person was responding 

to the survey. 

3. Planning and management 

Key elements of the telephone survey implementation included the following: 

The telephone survey items were purpose-designed for this study. 
Survey items were discussed and pre-tested on a group of academics and 

practitioner professionals. 

All interviews were completed over a period of 2 weeks in December 

2003. 

iv) Survey methodology was executed strictly following good-practice 
(Malhotra & Grover, 1998; Frohlich, 2002b; Rungtusanatham ct al., 
2003). 

V) An extensive up-to-date source database was used that had been compiled 

and refreshed by telephone interview over a number of years and that 

represented close to the entire population. 
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vi) N th number random sampling was carried-out from the above source 
database. 

vii) Trained interviewers guided respondents through the structured, closed 

questionnaire items. 

viii) The first 20 interviews were piloted and the only amendment made was a 

minor simplification of wording in one item. 

ix) Whilst the survey was conducted confidentially, almost all respondents 

agreed to be re-interviewed in the event of unclear answers. 

X) A summary report was given to respondents. 

4. Data quality control 

Key elements in ensuring that the data generated from the telephone survey was of high 

quality and appropriate for subsequent analysis included the following: 

i) Screening questions minimized sampling and coverage error. 

ii) Analysis of the random sample indicated that spread of sub-sectors, 

company sizes, and locations did not differ markedly from the population. 
iii) Measurement error was considerably reduced through the survey not 

being self-complete. 
iv) To minimize interviewer error, I in 10 interviews were validated by a 

project leader, effectively re-interviewing the respondent. Each interview 

questionnaire was checked individually for 'branching errors' or 

omissions and the respondent was re-called if there were any problems. 

V) Non-response error was judged within acceptable limits. The overall 

response rate was 23%. 

vi) The individual country sampling and response rates were analysed and no 

significant differences in response rates between manufacturing and 

financial services or between countries were found. Analysing the range 

of companies, sub-sectors, locations and job-titles revealed no patterns for 

response or non-response. Furthermore, responses to certain objective 

questions had strong relationships with those from a previous year's 

survey using different respondents- indicating that non-response of 

previously surveyed groups was not a problem. 
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APPENDIX 4. 

THE'SUPPLY CHAIN OPERATIONAL PERFORMANCE 
EVALUATOR' (SCOPE) ONLINE SURVEY INSTRUMENT 

The web-based survey instrument included the following core questions: 

Performance Metrics 

1. What is the number of inventory turns per year in ABC Company? (Click here for 
explanation. ) 
1. What percentage of ABC Company orders are perfectly fulfilled by your supplier on 

time and to required specification? (%) 
2. What percentage of your customer orders are perfectly fulfilled by ABC Company on 

time and to required specification? (%) 
3. What is the lead-time ABC Company requires to fulfil an order? (Days) 
4. How closely does actual demand match forecasts? Where 100% represents a 

perfect forecast/ actual demand match. ) 
5. How many days of supply (on average) do you carry in the following inventories? 

a. Raw material/components Days 
b. Work-in-process Days 
c. Finished goods Days 

Planning 

Scale: I- Never, 2- Annually, 3- Quarterly, 4- Monthly, 5- Weekly, 6- Daily, 7- Hourly 

How frequently does ABC Company communicate with each supply chain partner to: 

1. optimise the supply chain to reduce future crisis situations? 
2. predict future demand? 
3. agree on future demand levels? 
4. plan sourcing, manufacturing and deployment for production sites? 
5. coordinate future delivery dates based upon real constraints? 
6. create factory production schedules? 
7. design transport networks? 
8. calculate finished goods inventory level to meet future customer rcquircmcnts? 
9. align the supply chain with future sales and marketing activities? 
10. create service and parts systems to sustain customer satisfaction? 
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Sourcing and Delivering 

Scale: I- Not at all, 2- Very little, 3- Little, 4- Average, 5- Quite a lot, 6- A lot, 7- 
Completely 

To what degree does ABC company.... with each supply chain partner: 

1. share capital investment, inventory risks and cost savings? 
2. share production planning and demand forecast knowledge? 
3. nurture long-term relationships? 
4. share inventory level knowledge? 
5. share delivery frequency knowledge? 
6. engage in joint-venture operations? 
7. coordinate agreements and formulate contracts? 
8. participate in on-line auctions? 
9. make use of e-procurement and automated transactions? 
10. make use of exchanges and supplier portals? 
11. use 'next generation' Vendor Managed Inventory (eVMI)? 
12. outsource to Yd Party Logistics companies (3PL's)? 

Making 

Scale: I- Not at all, 2- Very little, 3- Little, 4- Average, 5- Quite a lot, 6- A lot, 7- 
Completely 

To what extent does ABC Company do the following: 

1. implement IT communications technologies and/ or Enterprise Resource 
Planning? 

2. implement "pull" production (e. g. reducing batch size/ set-up time, Kanban 
systems)? 

3. implement programmes for quality improvement and control (e. g. TQM, 6 
sigma)? 

4. reengineer from functional towards process orientation (e. g. plant-within-a- 
plant restructuring, cellular manufacturing) 

S. increase levels of delegation to and knowledge of workforce (e. g. training, 
empowerment, autonomous teams) 

6. create dedicated positions for supply chain professionals or "supply chain 
champions"? 

New Product Development 

Scale: I- Not at all, 2- Very little, 3- Little, 4- Average, 5- Quite a lot, 6- A lot, 7- 
Completely 

To what extent do ABC Company personnel collaborate and share knowledge, both 
within the company and with supply chain partners, in order to: 

1. design and improve the product? 
2. control an engineering change order system? 
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3. coordinate production capacity for NPD prototypes? 
4. coordinate purchasing for prototypes? 
5. coordinate ramping-up/ priming of the supply chain for product launch? 
6. design "for" effective supply chain management? 
7. coordinate production of new products? 

Returns 

Scale: I- Not at all, 2- Very little, 3- Little, 4- Average, 5- Quite a lot, 6- A lot, 7- 
Completely 

To what extent does ABC Company work with supply chain partners to: 

1. coordinate collection, sorting and routing of PRODUCTS returned by 
SUPPLY CHAIN PARTNERS? (e. g. due to stock balancing, excess from 
marketing promotions, end-of-season, end-of-product life, transit damage) 

2. coordinate collection, sorting and routing of PRODUCTS returned by END 
USERS? (e. g. due to defective/ unwanted products, warranty returns, recalls, 
environmental disposal issues) 

3. coordinate collection, sorting and routing of PACKAGING returned by 
SUPPLY CHAIN PARTNERS? (e. g. due to reusable totes, multi-trip 
packaging, disposal requirements) 

4. coordinate collection, sorting and routing of PACKAGING returned by END 
USERS? (e. g. due to reuse, recycling, disposal restrictions) 

5. ensure processing capability is sufficient to deal with product/ packaging 
return levels? 

6. reduce returns inventory held? 
7. identify and authorise legitimate returns? 
8. reduce returns processing cycle times? 
9. calculate the cost of the returns process? 
10. maintain customer confidence in the returns process? 
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APPENDIX 5. 

THE'SUPPLY CHAIN OPERATIONAL PERFORMANCE 
EVALUATOR'(SCOPE) ONLINE SURVEY ADMINISTRATION 
AND PROTOCOL 

1. Population 

The population of interest for this study was all I" tier product suppliers to the main UK 

Healthcare providers. A comprehensive contact listing of 1,611 suppliers was put 

together by approaching the department in charge of Supply Chain Logistics for each of 

the major UK Healthcare providers- the National Health Service (NHS), BUPA, and 
BMI-General. These 1,611 suppliers to the healthcare sector were considered to 

constitute a significant proportion of the UK supply base, and covered the NHS 

Purchasing and Supply Agency (PASA) Healthcare supply divisions of- 

Diagnostic and Medical Equipment 

Medical and Surgical 

Pharmaceuticals 

- Food and Nutrition 

- Textiles and Domestics 

- Facilities Management and Utilities 

- IT 

- Office Services 

- Rehabilitation Services 

- Professional Services 

2. Sample selection 

Within each of the above classifications were companies that did not actually supply 

physical products but provided a whole range of services such as equipment maintenance 

and testing services, drug trials, consulting, equipment hire and so on. The PASA 

supplier classification of 'Professional Services' consisted exclusively of service 

suppliers of services (such as contract nursing, private physiotberapists, independent 

clinics, consulting firms etc. ) and as such this classification was omitted from the listing. 

With regards to the other supplier classifications a thorough screening was carried out to 
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ensure only product suppliers were included in the sample. This screening resulted in 654 

largely service oriented suppliers being removed from the listing- leaving a sample of 
957 Is' tier product suppliers. 

3. Planning and management 

To all those supplier contacts with an email address, an invitation was sent via email to 

the Supply Chain/ Logistics/ Distribution Manager or Director. This first emailing 

rapidly confirmed the problem (that had been articulated in communications with NHS, 

BUPA and BMI-General) of obtaining up-to-date contact databases. Many of the email 

contacts were out-of-date and/ or unrecognised by email servers and returned as 

drecipient unknown'. Since time and resources did not permit a full follow-up to establish 

up-to-date contacts for these companies, they were removed from the sample. When no 

response was obtained from apparently valid contacts, a follow-up email was sent a week 
later. 

For those supplier contacts without email addresses, as well as those that had not 

responded to previous email invitations, an invitation to participate was sent by post. 

Again many letters were returned as 'recipient unknown at this address' and these were 

removed from the sample. In all, a total of 361 (22.4%) of the original contacts were 

found to be out-of-date or unusable. Lacking resources to further investigate them, they 

were removed from the sample under the assumption that the underlying processes for 

the contact information to be unsuitable were random. 

Several telephone conversations were conducted to confirm whether suppliers fitted the 

product supplier requirements, to ascertain whether survey invitations had been received 
by targeted contacts and simply to answer particular questions or concerns of certain 

participants. The effective sample size consisted of 596 Supply Chain Managers/ 

Directors that were given access to the online survey. 154 full responses were received 

constituting a 25.8% response rate. The breakdown of this sample and response rate 

analysis is shown in Table 4.7 of Section 4.2.3.4. 

All responses were collected within tlýe six-month period between January and June 

2004. 
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4. Data quality control 

Key elements in ensuring that the data generated from the web-based survey was of high 

quality and appropriate for subsequent analysis included the following: 

i) A full analysis of pilot study data confirmed suitability for the creation of 

valid and reliable scales. 
ii) Screening questions minimized sampling and coverage error. 
iii) Analysis of the sample indicated that spread of sub-sectors, company 

sizes, and locations did not differ markedly from the population. 

iv) Measurement error was considerably reduced through 'pop-up' 

explanations at distinct points during the web-based survey, and the 

facility of respondents to 'skip' irrelevant sections. 

V) 'Pop-up' and 'skip' functions also reduced the problem of uncontrolled 

missing data. Missing data was further reduced through requiring 

respondents to complete sections before allowing them to proceed to 

subsequent sections and feedback. The overall level of missing data due 

to drop-outs was found to be 13.9% and diagnostic tests showed it to be 

6missing completely at random' (MCAR). Following established 

multivariate analysis protocol, mean substitution was deemed the most 

appropriate manner in which to maintain adequate sample size. 

vi) Non-response error was judged within acceptable limits. The overall 

response rate was 25.8%. 

vii) All individual supplier category samples were adequately represented in 

the total sample. Category response rates were analysed and no 

significant differences between categories were found. 

viii) Analysing the range of companies, sub-sectors, turnovers, locations and 
job-titles revealed no discernable patterns for response or non-responsc. 

ix) Analysis of means and standard deviations for all variables indicated no 
discemable data problems. 

X) Adequacy of reduced sample sizes relating to 'optional' survey sections 

was checked for suitability for subsequent analysis techniques. 
Correspondingly, multivariate analysis procedures were applied with care 

so as not to 'overstretch' data limitations. 
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