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ABSTRACT 

This thesis defines a new approach to the analysis of the effect of e-business on business 

processes, utilising simulation as evaluation tool. This research was focused on answering 
five research questions about the suitability of simulation in this context, the role of static 

modelling and generic business processes, the identification of patterns for e-business 

activities and how to operationalise these patterns into components in simulation software, as 

well as how to use these components. 

Requirements for modelling of e-business processes were identified and documented. Pilot 

cases studies proved the potential of simulation for studying e-business processes 
(Feasibility). 

Generic e-business activities were derived and classified from the literature and case studies 
in order to fill gaps identified in existent process models. Re-usable simulation components 

are proposed as a result of the unique combination of simulation and e-activities in order to 

make simulation modelling of e-business easier. 

The components were tested in industrial case studies and quasi-experiments with end users 
for feasibility, usability and usefulness. Results show that the components' approach is 

feasible, that having re-usable components promotes a better analysis, (usefulness) and that it 

is easy to build models using the components (usability). 

The theoretical novelty of this research resides in bringing together three areas of study: e- 
business, simulation and business processes to analyse e-business implementations. The 

research contributes to the knowledge of components and re-use theory in simulation by 

proposing a new approach to component development, operationalisation and analysis of the 

degree of granularity required for these components. From a practical point of view, this 

research provides companies with an easier and more complete way of analysing e-business 

processes, breaking the barrier for the use of simulation, speeding up model building of e- 

processes and getting a better understanding of the dynamics of e-processes. 

Future work in the area will include extending the component approach to supply chains and 
inter-company transactions. 
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EXECUTIVE SUMMARY 

E-business brings different ways of doing business. These new ways can be as radical as new 
business models or as simple as automating an existing process. However, the effects of e- 
business implementations are not always well understood. This thesis defines a new 

approach to the analysis of the effect of c-business on business processes, utilising 

simulation as evaluation tool. 

This research was focused on answering five research questions based around the suitability 

of simulation in this new context, the role of static modelling and generic business processes, 
the identification of patterns for e-business activities and how to operationalise these patterns 

into components in simulation software, as well as how to use these components and their 

limitations. In addition to specifically answering the research questions, the overall aim of 

this research was to gain new understanding on constructs assisting academics and 

industrialists to perform e-business analysis. 

The requirements for modelling of e-business processes were identified and documented. A 

review of modelling techniques was carried out and simulation was found to be the one that 

most closely fulfilled the requirements. Pilot cases studies proved the potential of simulation 
for studying c-business processes, tested the feasibility of the e-business simulation approach 

and added insights into the next research questions. 

To answer question (2), current business process models were identified and tested to assess 
how well they represent c-business activities. It was found that existent business process 
models do not represent e-business activities appropriately. New generic e-business 

activities were derived and classified from the literature and case studies in order to fill the 

gaps identified in the process models. 

Having established simulation as a suitable tool for e-business analysis and developed 

generic e-business activities, re-usable simulation components are proposed as a result of the 

unique combination of simulation and e-activities in order to make simulation modelling of 

e-business 'easier. In producing these components, an analysis was required to judge the 

level of component granularity. Evidence shows that a medium-grained level was 

appropriate for this type of modelling analysis. 
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The components were tested in industrial case studies and quasi-experiments with end users 
for feasibility, usability and usefulness as an aid to building simulation models in order to 

better understand e-business dynamics. Results show that the components' approach is 

feasible, that having the re-usable components encourages the use of simulation tools, 

especially for those users that did not have previous simulation experience -acting as an 
initial barrier-breaker (usefulness) - and that it is easy to build models using the components 

as plug-modify-and-play parts of a jigsaw -the model- (usability). The generic e-activities 

and components increased the model building speed and provide guidelines for modelling. 

The theoretical novelty of this research resides in bringing together three areas of study: e- 
business, simulation and business processes to analyse e-business implementations, proving 

that simulation provides dynamic analysis capabilities for e-business, faithfully representing 
the c-process maps. It presents an evaluation of current business process frameworks in the 

light of e-business and the creation of e-activities to fill the gaps identified in these 

frameworks. The research contributes to the knowledge of components and re-use theory in 

simulation by proposing a new approach to component development, operationalisation and 

analysis of the degree of granularity required for these components. 

From a practical point of view, this research provides companies with an easier and more 
complete way of analysing e-business processes. It gives practitioners guidelines as to what 

an e-process may look like and the components offer a way of breaking the barrier for the 

use of simulation, speeding up model building of e-processes and getting a better 

understanding of the dynamics of c-processes. This in turn could encourage the use of 

simulation as a day-to-day decision support tool. 

Future work in the area will include extending the component approach to supply chains and 
inter-company transactions. Another specific issue to investigate is that of how to increase 

the use of simulation in SME's and companies that do not have the expertise or resources to 

have a simulation expert available. 
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GLOSSARY 

A limited glossary is provided for the better comprehension of some of the concepts used in 

this thesis. 
Term Definition 

Component A re-usable, simulation-specific operationalisation of a template. A 

component can be called from a library and be used a building block for 
model creation. 

e-business The transformation of key business processes through the use of Internet 
technologies (Chaffey 2002) 

e-commerce The buying and selling of goods and services via electronic mediums 
such as the Internet (Bontis and De Castro 2000) 

Library A collection of components in a simulation software. The library can 

include only the components or the components and a brief description of 

their function, together with keywords to facilitate searching. 
Pattern Used to denote similar process structures present in more than one case 

study (e. g. an e-purchasing pattern). 
Re-use All activities aiming at reusing previously constructed artifacts within the 

process of (software) development (Duskink and van Karwijk 1995) 
Simulation The technique of building a model of a real or proposed system so that 

the behaviour of the system under specific conditions may be studied 
(Ball 1996) 

Template A static, non software-specific representation of a pattern. An analogy 
would be that a template is the conceptual model of a component. 
Usually represented as a static flowchart. 
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Chapter 1 Introduction 

The motivation of this research was born from the experience of the researcher during his 

MSc in Management of Competitive Manufacturing, work experience in Xerox 

Manufacturing and his BSc in Chemical Engineering. During these stages of development 

the researcher became involved in different types of simulation projects. It was in this light 

that a PhD in simulation seemed an attractive opportunity to expand the knowledge of 

simulation and to look for a new area where simulation could be applied to and to study the 
benefits of doing so. 

At the time of starting this research, the dot-com boom was receding and the attitude of "do 

it online and you'll be rich" had started to disappear, giving way to a more cautious way of 

approaching e-business. Gone were the days where you "had" to be doing everything online 

or else go out of business. Gone were the days of moving towards web presence with little 

consideration on what processes and infrastructure were needed to respond to this new way 

of doing business. The need to evaluate the real benefit of investing in e-business 

applications started to arise. However, there were not many tools available to evaluate this 

real benefit and how it would affect the back-end operations of businesses. 

It was then during discussions with Peter Ball and Jill MacBryde that the idea of evaluating 

modelling methodologies to study e-business and its effect on business processes emerged. 
This work is the product of the research that was launched as result of those talks. 

This chapter starts analysing the point of the departure of the research. This is followed by 

discussion on the scope of the thesis and definition of the research aim and research 

objectives. Finally, the thesis structure is presented. 

1.1 Point of departure 

The growth of internet-based systems is clearly an increasingly significant factor for 

businesses (McFarlane et al. 2001). However, the manufacturing sector in the UK has the 
lowest rate of adoption of advanced e-business applications and also the highest percentage 

of companies not adopting even the most basic e-business solutions such as e-mail when 

compared with other sectors(Farish 2001) (See Figure 1.1). A reason could be found in the 
issues that worry companies when implementing e-business. Apart from security (96%), the 
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main concern for companies when developing an e-business strategy is the re-alignment of 

business processes (Sweet 2001). Accordingly, the Hurwitz Group (Hurwitz Group 2000) 

say: "One of the most difficult, yet ultimately most rewarding, parts of an e-Business 

transformation centres squarely on the enterprise's ability to manage its business processes". 

QPioneer  Follower  Laggard 

Manufacturing 

Financial Services 

Professional / Consulting 

Retail 

Telecom/Utilities 

Transportation 

Travel/Tourism 

0% 20% 40% 60% 80% 100% 

Figure 1.1 Degree of e-business involvement by industry sector in UK (Source Farish, 2001) 

For those "brick-and-mortar" companies that want to take that step, guidelines are required 
for managing the change process and adapt their business processes to c-business process to 

cope with the change in demand patterns and responsiveness required. 

After an extensive search in theory and practice, no evidence was found of the existence of 

tools that help companies understand the effects of e-business in the dynamics of their 

business processes. However, looking at the Business Process Modelling (BPM) field, it was 

found that simulation has been applied as a technique to predict the outcome of changes in 

the way business processes operate (Hlupic and Robinson 1998; Giaglis and Paul 1996; 

Greasley 2000; Tumay 1996). Furthermore, efforts were being conducted in the construction 

sector (Elliman and Orange 2000) to explore e-induced business process re-engineering 

options using simulation models. It is in the light of these findings that I decided to 

investigate the suitability of simulation as a tool for the analysis of the implications of e- 

business in the business processes of manufacturing companies. 

The present research intends to analyse the necessary changes in the company's business 

processes in order to be able to react to an e-commerce environment. A simulation approach 

is proposed as an analysis technique in business process modelling to evaluate the impact of 
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e-commerce and to select the best re-configuration of current business process to deal with 

this change effectively and efficiently 

It is important that the improvements offered by business process change and e-business are 

valid and sustained. The move to e-business must be evaluated not just from an apparent 

structural improvement but one of actual performance improvement. This thesis addresses 

the need to assess the impact of e-business and the tools and techniques with potential to 

assist in this. Modelling techniques are reviewed and issues relating to modelling 

methodologies are included. 

This work analyses current business process frameworks and how they take e-business 

activities into account. It then goes to evaluate the use of simulation as an analysis tool for 

the implementation of e-business and its effect on the business processes of manufacturing 

companies. 

1.2 Aim and Objectives 

The main aim of this work is then to evaluate how modelling methodologies in general and 

simulation in particular can be used to analyse the impact of e-business on business 

processes. The general objectives that derive from this aim are: 

1. Study how current e-business implementations are carried out. 
2. Understand which role (if any) simulation plays in the implementation. 

3. Develop a way of integrating modelling and simulation for the analysis of e-business 

implementations. 

1.3 Scope of the thesis 

The scope of this work is restricted to the analysis of the effect of e-business on the operate 

business process (Get Order, Develop Product, Fulfil Order, and Support Product) as 

classified by Childe et al (1994). The initial intent was to focus on manufacturing 

companies, although examples of the service sector are included to test the extendibility of 

the approach. A number of cases are presented, all of them different instances of operate 

processes (apart from Develop Product, which is less transactional than the other three and 

hence has different requirements for e-business to support). 
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1.4 Thesis structure 
The objective of this section is to outline the structure of the thesis by highlighting the 

important issues on each chapter and showing how these are related to other chapters. Figure 

1.2 maps the structure of the thesis. It also shows the inputs to the different stages of 

research, as well as the outputs (in terms of published work) of each phase. 

Chapter 1 details the motivations, point of departure, aim and objectives and structure of the 

thesis. This chapter intends to introduce the reader to the topic and explain why this topic 

was chosen for the research. 

Chapter 2 presents an analysis of the literature in three main areas: e-business, business 

process management and simulation. The chapter provides an in-depth analysis of current 

business process simulation applications and derives a set of requirements for modelling e- 

business. From this review, gaps in current knowledge are identified and research questions 

formulated. 

Chapter 3 deals with methodology and the methodological choices that were made during 

this work. The chapter includes the selection of an overarching philosophical paradigm, as 

well a research strategies, methods and techniques for the different stages of the work. The 

chapter includes the definition of the research quality criteria that will be used to evaluate 

this research. Chapter 4 presents a pilot case study in which the feasibility of the approach 

was tested and insights gained to inform the continuation of the research. 

Chapter 5 goes on to present the main analysis of current frameworks, identifying the gaps 

that exist in current models and proposing e-business templates to fill these gaps. The 

chapter continues by identifying composition in simulation as a possible way of 

operationalising these templates, as well as the development of c-business simulation 

components from primary and secondary case studies. This chapter includes a more specific 

literature analysis in the area of simulation composition and provides the development of a 

novel methodology for the development of components in e-business. 

Chapter 6 presents the testing of the components developed in Chapter 5. This testing is done 

through application in further case studies (testing for usefulness) and through quasi- 

experiments with final users (testing for usability). 
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Chapter 7 considers the discussions and lessons learned from the work and describes the 

evaluation of the research against the predefined research quality evaluation criteria (defined 

in Chapter 3). Chapter 8 presents the conclusions and summarises the contributions of this 

work to theory and practice. Further research that emanates from this work is outlined, as 

well as a retrospective analysis of the research process. 
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Chapter 2 Literature Review 

2.1 Introduction 

Undertaking a literature review is an important step in a research project. During the review 
"the researcher both maps and assesses the relevant intellectual territory in order to specify a 

research question which will further develop the knowledge base" (Tranfield. et al. 2003). 

The literature review serves not only to give a background to the research, but also to 

position the research in a wider context and to show how the work relates to others. 

Bruce (1994 : 218) describes the literature review process and its different functions: 

Literature reviews in the context of postgraduate study may be defined in terms of 

process and product. The process involves the researcher in exploring the literature to 

establish the status quo, formulate a problem or research enquiry, to defend the value 

of pursuing the line of enquiry established and to compare the findings and ideas of 

others with his or her own work. The product involves the synthesis of the work of 

others in a form which demonstrates the accomplishment of the exploratory process. 
(Bruce 1994: 218 in ; Murray 2002). 

In this work the literature review will perform these functions and lead to the development of 

the research within a theoretical frame. 

A literature review has to be both comprehensive and focused. Comprehensive to include all 

relevant literature, including a wide range of subjects related to the research topic. Once a 

wide research has been carried out, a more focused selection of topics can be carried out. It 
is necessary to focus the search and analysis of relevant literature in order to avoid "getting 

lost" in a sea of information. 

2.1.1 Scoping the literature 

The literature for this research issue was selected in three broad domain areas: simulation, e- 

business and business processes. The areas have in themselves overlaps (e. g. business 

process simulation) and these are also of interest to the research. Figure 2.1 shows the areas 

in which the main review was carried out. 
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The literature review is then scoped and structured as shown below: 

Business 
Processes 

" Business processes. Including business process re-engineering, characteristics of 

business processes, business process frameworks and best practices. 

" Simulation. Including uses of simulation, characteristics and applications, other 

modelling techniques. This area excludes approaches such as agent-based 

simulations, game simulation, business games simulations and military simulations. 

" E-business: This area is restricted to the nature of e-business and its impact in 

business operations. Includes business tools supported by c-business, but not the 

technical aspects of programming them. Areas such as hardware for c-business, web 

page usability, browsing technologies, security and encryption technologies and web 

marketing are not included in this review. 

" Logistics: This area includes only use of e-business as a tool to support logistics. 

Excludes themes like facility location, route optimisation and transportation. 

These areas were deemed as the most relevant areas to look at after defining the aims and 

objectives in Chapter 1. Once the main areas of search are defined, a search was carried out 

using the following resources from the electronic library services at the University of 
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Strathclyde: ABI/Inform, BIDS, EDINA, Elsevier Science, Emerald, Theses and Web of 
Knowledge (previously Web of Science). In addition, searches were carried out using web 

search engines (Google) and other resources such as the Winter Simulation Conference 

website (http: //www. informs-cs. org/wscpapers. html). Strings searched for include: business 

process(es), business process modelling', business process simulation, e-business, e-business 

simulation, e-business process simulation, etc. References found in relevant papers were 

also collected and analysed. 

2.2 Background 

The advent of the Internet and its potential for collaboration between companies has 

signified that now not only the big multinationals have the opportunity to establish electronic 

commerce (e-commerce) channels. The whole array of enterprises face now the dilemma of 

whether to embrace the new technologies or not in either of their forms (Business-to- 

Business B2B, Business-to-Consumer B2C). Furthermore, Porter says "Many companies see 
the move towards e-business not as question of whether to proceed but when to proceed" 
(Porter 2001). 

Despite the high general awareness of e-business, within the UK the manufacturing sector 

has the lowest rate of adoption of e-business strategies and the highest rate of "e-laggards" 

(Farish 2001). Interestingly business process change is seen as a pre-requisite for e-business 

implementation and yet many businesses have failed to derive the benefits from 

transformation to a business process viewpoint, in many cases companies being left in a 

position of competitive disadvantage. Furthermore, Sweet (2001) has identified the 

realignment of business processes as one of the main worries of companies when 

implementing e-business. 

It is important that the improvements offered by business process change and e-business are 

valid and sustained. The move to e-business must be evaluated not just from an apparent 

structural improvement but one of actual performance improvement. 

For those "brick-and-mortar" companies that want to take that step, guidelines are required 

for managing the change process and adapt their business processes to cope with the change 

in demand patterns and responsiveness required. 

1 All strings were searched for in both British and American spellings (e. g. Modelling and Modeling) 
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The present research intends to analyse the necessary changes in the company's business 

processes in order to be able to react to an e-commerce environment. A simulation approach 

is proposed as an analysis technique in business process modelling to evaluate the impact of 

e-commerce and to select the best re-configuration of current business process to deal with 

this change effectively and efficiently. 

2.2.1 The drive to adopt e-business 

There are many drivers for adoption of e-business. ICT providers are promoting their 

systems and solutions. In addition, government-funded organizations (such as Scottish 

Enterprise in the UK) are promoting the use of e-business as a means to gain competitive 

advantage. 

The growth of intemet-based systems is clearly an increasingly significant factor for 

businesses (McFarlane et al. 2001). However, the manufacturing sector in the UK has the 

lowest rate of adoption of advanced e-business applications and also the highest percentage 

of companies not adopting even the most basic c-business solutions such as e-mail when 

compared with other sectors (Farish 2001). A reason could be found in the issues that worry 

companies when implementing e-business. Sweet (2001) reports that apart from security 

(96%), the main concern for companies when developing an e-business strategy is the re- 

alignment of business processes (Figure 2.2a). Paradoxically, Sweet describes in the same 

report that the simplification/re-engineering of business processes is one of the main drivers 

for e-business implementation. (Figure 2.2b) 
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It can be argued that one of the main deterrents of e-business adoption is the uncertainty 

about how this implementation will affect the business processes (internal and external) and 

how to manage this change. Accordingly, the Hurwitz Group (2000) says: "One of the most 

difficult, yet ultimately most rewarding, parts of an e-Business transformation centres 

squarely on the enterprise's ability to manage its business processes". 

As it can be seen from the surveys above described, uncertainty of the outcome is one of the 

main issues when implementing change in any company, particularly when new technologies 

such as electronic business are integrated to this change. 

2.2.2 The need to evaluate business processes. 

In the course of improving business processes to improve performance, companies must 

assess the specific impact the changes will have on them. The temptation to use e-business 

tools because other businesses are adopting them should be resisted. Adoption should be 

based on clear operational and business benefit. Additionally, the benefit should be proven 

to be superior to other changes, possibly including those that do not use ICT. 
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Evaluation of benefit will invariably demonstrate local benefit, for example the benefit of 

using a web site to improve the speed, accuracy and flexibility in customer ordering. 

Benefits will typically be assessed in cost terms to show financial benefit. The weakness in 

such approaches is that the wider effects on the business can be ignored, tempering not only 
the overall operational improvement, but also the perceived financial benefits (Love and 
Barton 1996). 

McFarlene et al (2001) state "... remarkably little work has addressed the full impact of 

internet developments at the operational level of manufacturing companies". It can be 

argued that although a lot of effort has been devoted to study the interface aspects of e- 

business, there is very little evidence of research trying to understand the internal effects of 

adopting e-business strategies. The use of a business process approach to structure and 

document the operation of a business could lead a wider view of the impact of changes. By 

encouraging staff to see their work within the context of a business process instead of within 

the confines of functional departments, effects are more likely to be considered on the 

upstream and downstream activities. An illustration of this is the use of the web for 

customer ordering, extending this to view the whole order fulfilment process and assessing 

whether there are any positive or negative effects on the speed, accuracy and flexibility of 

delivering the product or service to the customer. 

Yen and Ng (2001) argue that transforming a company to take advantage of e-business 

necessitates business process change. However, examples of assessing the consequential 

impacts on the support processes and manage processes within a single company are rare. 

Such evaluation is important as it will illustrate the cost to the business both in terms of the 

overhead of additional skills, for bringing in and maintaining the new technology, as well as 

whether direct personnel were subsequently removed from the business or simply displaced 

to another area. 

Several authors (Dennis et al. 2000; Greasley 2000; Giaglis and Paul 1996) have reported the 

application of simulation for business process redesign. The applications reported range from 

resource analysis in a Police Custody Suite (Greasley 2000) to a process for providing basic 

telephone service (Dennis et al. 2000). However, very little literature was found about the 

use of simulation tools in the re-design of processes to incorporate e-business capabilities to 

traditional enterprises. 
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After an extensive search in theory and practice (carried out at the beginning of this project), 

no evidence was found of the existence of tools that help companies understand the effects of 

e-business in the dynamics of their business processes. However, looking at the Business 

Process Modelling (BPM) field, it can be found that simulation has been applied as a 

technique to predict the outcome of changes in the way business processes operate (Hlupic 

and Robinson 1998; Giaglis and Paul 1996; Greasley 2000; Tumay 1996). Furthermore, 

current efforts are being conducted in the construction sector (Elliman and Orange 2000) to 

explore c-induced business process re-engineering options using simulation models. It is in 

the light of these findings that I decided to investigate the suitability of simulation as a tool 

for the analysis of the implications of e-business in the business processes of manufacturing 

companies. 

The present research assesses the use of tools such as modelling and simulation to predict the 

possible outcome of changes to business processes when e-business (either Business-to 

Business B2B or Business-to-Consumer B2C) takes part in the new design of the process. 

The following sections review the concepts of electronic business, business process 

modelling and business process simulation. Next, the research need and research questions 

are described, setting the scene for the research project 

2.3 Electronic business (e-business) and electronic 

commerce (e-commerce) 
When Electronic Data Interchange was introduced in the big corporations, it was the start of 

computer-to-computer, business-to-business transactions (Giaglis 1996). It was found that 

benefits such as "reduced shipment errors, increased speed and accuracy and other potential 

benefits" were attained (Strader et al. 1998). However, a problem with EDI technology is the 

disparity of data transfer protocols and the high investment in proprietary systems. (Strader 

et al. 1998). 

As an alternative to the cumbersome EDI projects, the Internet and its open standards are a 

suitable (and cheaper) solution for the implementation of electronic interchange. It widens 

the spectrum to Business-to-Consumer (B2C) and consumer-to-consumer (C2C) interactions 

in addition of the existent (but not always accessible or affordable for the Small or Medium 

Enterprises -SMEs-) Business-to-Business (B2B). 
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2.3.1 Definition of Electronic Commerce and e-business 

E-business and e-commerce have been defined in different ways, sometimes conflicting or 
incomplete. In order to set the context of the research and avoid confusion, some definitions 

will be presented. 

For the purpose of this research, e-commerce has been defined as "the buying and selling of 

goods and services via electronic mediums such as the Internet" (Bontis and De Castro 

2000). Although the definition is rather simplistic, it encompasses the essence of electronic 

commerce transactions: goods or services being interchanged using an electronic interface 

E-business, on the other hand, is defined as "the transformation of key business processes 

through the use of Internet technologies" (Chaffey 2002). There are different levels of 

application of electronic business, from the internal sharing of information, to the customer 

interface or a wider supply chain application involving a network of companies. E-business 

is now usually referred as being comprised of applications such as e-commerce, business 

intelligence (BI), customer relationship management (CRM), supply chain management 

(SCM) and enterprise planning (ERP) amongst other (Strauss and Frost 2001). 

As can be appreciated from the previous definitions, e-business presents a more complex 

scenario than solely c-commerce, having the potential of affecting a greater number of 
internal operations in a business. The complex situations that could derive from the 

application of e-business must be analysed and understood before going ahead with the 

project. New technologies have failed because not enough analysis of the effects of such 
implementations was carried out before starting the project. (Larsen and Myers 1999; Hlupic 

and Robinson 1998). 

2.3.2 Electronic market's characteristics 

At the beginning of this research, electronic commerce was in its infancy and complex 

transaction structures remained relatively unexplored (Elliman and Orange 2000). This is 

particularly true when trying to define the difference between traditional processes and 

processes focused on e-commerce. 

Fryer (Fryer 2001) identifies the characteristics of the market in an electronic commerce 

environment: more erratic and difficult to predict demand, last-second orders and 

expectation of overnight fulfilment, a removal of the slack that traditional processes have 

between operations and the uncertainty to back-end supply chain members about order 
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fluctuations, reducing their responsiveness. This is particularly apparent in the Order 

Fulfilment processes and other processes in the operate classification. It has been stated 
(Porter 2001) that "the intemet has created some new industries... however, its greater 
impact has been to enable the reconfiguration of existing industries that had been constrained 
by high costs for communicating, gathering information or accomplishing transactions" 

One important remark to make here is that with the current problems in the completely 

electronic-based companies and the discovery that the business models introduced by the 

dot-corn companies are no longer sustainable. "The winners will be those that view the 

Internet as a complement to, not a cannibal of, traditional ways of competing" (Porter 2001). 

As a consequence, it is very likely that the growth in electronic commerce will be from 

traditional companies that have current physical presence and that will embrace Internet as 

an extra channel to reach customer and suppliers. 

2.4 Business Process Management 

The business process view of how to deliver value to the customer is transforming the way 

businesses organize themselves and the way they see themselves aligning to customer needs. 

Companies have re-oriented from a view of functional areas such as sales and production as 

distinctly separate units to viewing activities in a series to add value to the customer. One 

value adding process is that of order fulfilment, containing all the activities to transform a 

customer order into a delivered product or service which includes order receipt, check 

availability, credit check, source materials, produce, pick, dispatch and invoice 

Business process modelling has been widely researched in the last 10 years. Since Davenport 

and Short (1990) and Hammer (1990) first formalised the concept of Business Process Re- 

engineering (BPR), a whole array of studies has been performed in the area. Ranging from 

supporters (Hammer and Champy 1993) to sceptics (Jones 1994), covering issues such as 

tools (Kettinger et al. 1997), implementation and success (Grover and Kettinger 1995; 

Larsen and Myers 1999), people (Hammer and Stanton 1999) and IT (Larsen and Myers 

1999), the amount of information is immense. 

In order to avoid getting lost in a deep analysis of each one of the aforementioned issues, I 

will restrict my analysis to defining business processes and business process re-engineering 

and analysing how the trends have moved in the relatively short life of this concept. 

14 



2.4.1 Definition of Business Process 

Several definitions of business processes have emerged since the start of BPR. Some of them 

are given below. 

A Business Process is: 

" "The creation of value to internal and external customers through collection of tasks 
and activities that take one or multiple inputs and creates a single/multiple outputs" 
(Fathee et al. 1998) 

" "A set of causal and logical interrelated tasks performed to achieve a determined 
outcome" (Davenport and Short 1990) (Cited in Mellao & Pidd, 2000) 

" "The logical organisation of people, materials, energy, equipment and procedures into 
work activities designed to produce a specified end result" (Davenport and Short 
1990)(cited in Childe, 1994) 

" "A set of activities that are structured and measured to produce a specified output for 
both internal or external customers" (Davenport 1993) 

" "A set of activities that, taken together produces a result of value to a customer" 
(Hammer and Champy 1993) 

As can be seen, there are some common elements in the definitions: Process (transformation, 

flow, activities), inputs, outputs (products or services) and clients (internal or external). 

Paul et at (1999) state that "process based organisational analysis implies a `systemic' view 

of organisations, characterised by identifiable components with complex relationships 
between them" 

The Business Process Architecture proposed by CIM-OSA, (CIMOSA, 1989) is a useful 

framework to classify business processes and to analyse each one of the Business processes' 

different levels. Using the CIM-OSA business architecture, researchers such as Childe et at 

(1994) have derived generic business process models that can then be used to define the 

actual processes of a particular company in detail. 

In order to understand this complexity, Childe et al (1994) described a set of generic 

business process models for manufacturing enterprises based on the CIM-OSA business 

process architecture (Figure 2.3). 

In their framework, they identify three main classifications of business processes. Operate 

Processes are those which are related directly to satisfy the requirements of external 

customers, Manage Processes are those related with strategy and business planning and 
Support Processes act in support of the other two types of processes. This framework will be 
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used to analyse the impact of electronic business in the business processes of manufacturing 

companies, focusing on the Operate processes and specially on the order fulfilment process. 

Manage processes 
" Set Direction 

" Formulate strategy 
" Direct Business 

Operate Processes 
" Develop Product 
" Get Order 
" Fulfill order 
" Support product 

Support Processes 

" Manage Finance 

" Support personnel 
" Manage Technology 

" Corporate Learning 

Figure 2.3. CIM-OSA business process architecture (Adapted from: Childe et 
al. 1996) 

2.4.2 Business Process Re-engineering 

Business Process Re-engineering has been defined in many ways. In order to make a similar 

exercise to the previous section, two definitions are presented. 

" "The fundamental rethinking and radical design of business processes to achieve 
dramatic improvement in critical, contemporary measures of performance such as 
cost, quality, service and speed" (Hammer and Champy 1993) 

" "Is concerned with fundamentally rethinking and redesigning business processes to 
obtain dramatic and sustaining improvements in quality, service, cost, lead-times, 
outcomes, flexibility and innovation" (Irani et al. 2000) 

From the previous definitions, we can find characteristics such as radical, dramatic, 

fundamental rethinking. This was the way in which the pioneers of BPR considered that the 

changes should be done. Melao and Pidd (2000) gathered evidence that differentiates the 

first generation of BPR practitioners (Inspirational, Radical, broad, IT led, hard, etc) from 

the second (Methodological, continuous improvement, focused, IT enabled, soft, etc). This 

change is reflecting the consideration of softer aspects (people, strategy) over the traditional, 

mechanistic approach to re-engineering. As a consequence, new tools are needed to embark 

on a business process re-engineering project. 
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Despite the excitement occasioned and the rush to adopt business process approaches to 
improve performance, a big number of implementations failed and left companies in a 
position of competitive disadvantage. 

According to Paul et al (1999) "many authors argue that one of the major problems that 

contributes to a high failure rate in many real life business change projects is a lack of tools 

for evaluating the effect of designed solutions before implementation". Simulation appears to 

be a tool that can be used to fill this gap 

2.5 Business Process Simulation 

2.5.1 Modelling and simulation 
Modelling of business process has been a pre-requisite for Business Process Re-engineering. 

The initial modelling approach used was to create a static model of the process, for example 
flowchart diagrams, IDEFO, DFD, etc. Later, the need for a dynamic representation of the 

business process and the change in these processes over time was identified. This led to the 

use of simulation as a tool for analysing and "predicting the outcome of radical change of 
BPR" (Hlupic and Robinson 1998). 

A simulation model is a model that mimics reality (Robinson 1994). Ball (1996) defines 

simulation in a more complete manner: "simulation is the technique of building a model of a 

real or proposed system so that the behaviour of the system under specific conditions may be 

studied. One of the key powers of simulation is the ability to model the behaviour of a 

system as time progresses". 

The main benefits obtained from simulation include (Robinson 1994): 

" Risk reduction, 

" Greater understanding of the dynamic of the system, 

" Low cost compared with real life experimentation, 

" Repeatability 

" Identification of dynamic and transient effects. 

2.5.2 Suitability of Simulation for Business Process Modelling 

Taking into account the above-mentioned characteristics, simulation has been identified as a 

suitable technique to help the implementation of BPR projects. A number of authors 
(Giaglis and Paul 1996; Paul et al. 1999; Tumay 1996; Fathee et al. 1998; Jones 1995; Irani 

et al. 2000; Wolsthenholme and Stevenson 1997; Melao and Pidd 2000; Strader et al. 1998; 
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Hlupic and Robinson 1998; Dennis et al. 2000; Greasley 2000; Kettinger et al. 1997) have 

reported the application of simulation to the evaluation of these alternatives, and have come 

to the conclusion that the main characteristics of simulation reported to be useful in business 

process modelling are: 

" Provides quantitative information for decision-making. 

" Analyses the dynamic interdependency of activities and entities within the process. 

" The conduction of "What if' experiments. 

" Enhancement of corporate capabilities to achieve in-depth understanding of internal 
process performance and correct allocation of resources. (Fathee et al. 1998) 

" Simulation can be used to analyse process change or to design completely new 
processes and test the future behaviour of the real system 

" Incorporates the stochastic nature of business processes and the random behaviour of 
their resources (Irani et al. 2000) 

" Allows the participation of non-technical staff on BPR teams since it has a highly 
visual display of the process and its operation and hence be used as a training tool. 

" Detailed analysis before incurring the risk of making major changes to existing 
processes or implementing new processes (Jones 1995). 

"A greater understanding of the key drivers in resource management and increased 
dependability in terms of the decisions made (Dennis et al. 2000). 

2.5.3 Reported applications of simulation of business processes 

As can be gathered from these reports, simulation has a great potential for the analysis of 

business process change and as a decision support tool, increasing the confidence in the 

decisions taken by analysing multiple scenarios and the effects of such scenarios across the 

processes. 

Different applications have been reported in business processes, and although they claim that 

it is a business process application, these applications have been mainly restricted to the 

operational side (i. e. manufacturing). For example, Irani et al (2000) propose a paint shop 

example where the configuration of the mechanical process was altered to find the best 

possible solution. It can be argued that this is not a proper "business process simulation" 

since it lacks of two of the characteristics of business process (Hammer and Champy 1993): 

" Cross-functional activities 

" Flow of information, not only parts. 
The rationale behind this classification is that any manufacturing process could be 

considered "a business process" when modelling at certain level, however, it may not be 
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interrelated with other functions. or be a simulation built to improve the process in a 

mechanistic way, without considering the external effects of changes. 
On the other hand, some authors report applications where the simulation includes the 

characteristics of an enterprise-wide business process. By way of illustration, Dennis et al 

(2000) describe the simulation of an installation service for a telecommunications company, 

where the interactions between customer service, control functions and field engineering are 

present and the information flow presents a crucial role in the efficiency of the process. 

In the next higher level of modelling, Hlupic and Robinson (1998) use simulation to model 

an automotive company manufacturing operations in order to synchronise the operation of 

three plants (body, engines and assembly). The model includes order taking and co- 

ordination between different functions across the company, qualifying as a business process 

simulation. 

Finally, at a higher level, Strader et al (1998) apply simulation to study the impact of 

information sharing across the supply chain and study the type of Demand Management 

Policy that best suits specific types of Supply Chains. 

From the range of applications reported as business process simulation, five groups have 

been identified: 

" Conceptual business process simulation. This group of authors deal mainly with 
the identification of the requirements for simulating business processes. In this group 
we find (Hlupic and Robinson 1998; Paul et al. 1999; Fathee et al. 1998; Tumay 
1996; Jones 1995). They have identified the importance of hierarchical capabilities 
within simulation software, the need of a good process model interface (usually 
linked to standards like IDEFO, IDEF3 or flowcharting) and the need to have flow 
objects, resources, activities and routings in order to better represent business 
processes. 

" Manufacturing systems simulations. This group include applications that are 
focused on the physical flow of entities through a series of workstations. An example 
application is (Irani et al. 2000). Although it is presented as a business process 
simulation, it lacks the flow of information and cross-functional activities that should 
characterise a business process. 

" Process Specific Simulations. This group includes those authors that have 
undertaken the simulation of a specific process (e. g. Service provision process) within 
an organisation. Examples of this include (Greasley 2000; Dennis et al. 2000). 

" Enterprise-wide simulations. This type of simulation refers to the interaction 
between different actors (processes) within an enterprise. Examples of this category 
are the Whole Business Simulator (Love and Barton 1996) and the application of 
simulation to understand and improve the co-ordination between three different plants 
of the same automotive company (Hlupic and Robinson 1998). 

" Supply-chain-wide simulations. Related to the simulation of co-ordination between 
companies across the supply chain. An example is the analysis of demand 
management policies (Make to Stock, Make to Order, etc) and its implications for the 
members of the supply chain (Strader et al. 1998). 
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These categories are used to define the focus of the published work. The categories will 

overlap to a certain extent and earlier categories could be sub-sets of the latter ones. For 

example, it could be possible, although it has not been reported, to have detailed enterprise- 

wide simulations linked together to form supply-chain-wide simulations. The categories 
illustrate the varying capabilities of simulation and the uses to which it has been put. 

As can be seen from the wide variety of applications, business process simulation is a well- 

established tool and can be used at any level of the enterprise with different degree of detail 

and level of scope. It is a particularly useful tool for the analysis of system change and 

provides elements of comparison between different alternatives to the design of these 

changes. Such a technique can be applied to study the impact of new ways of doing things; 

especially those that have a big impact in the ways business operate, such as e-business. 

The ability of such simulation techniques to represent the detail of a business process does 

not necessarily preclude its use at higher levels. Whilst many discrete simulation tools have 

their roots in manufacturing system simulation some tools have been designed specifically 
for business process modelling. For example, Igrafx Process models are built as a 
diagrammatic business process that can then be simulated over time. The downside of using 

such techniques is the time, skill and cost of use. Software tools can help enormously in this 

to reduce the time and skill and costs can be minimized with packages such as Simul8 that 

retail in the office software price range. 

As can be seen, not only different types of processes are analysed, but also different scope 

and level of detail is incorporated in each one of the reported applications. In order to create 

a better picture of the current application of simulation in business processes, the reported 

applications are mapped to each one of the top level operate processes proposed by 

CIMOSA (Figure 2.4) 

As can be seen in this figure, most of the applications have been done in the Fulfil Order 

process. This is (up to certain extent) an expected outcome, since it is here that most 

manufacturing activities are included. 

From the observation of Figure 2.4, it comes to light the fact that a more detailed mapping is 

necessary (in the next level of detail) in order to better understand the areas where work has 

been done. In the mean time, from the analysis carried out, it can be inferred that a great deal 
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of work has been done in the "Obtain Required Materials" and "Manufacture products" sub- 

processes. 

OPERATE PROCESSES 

Generate 
Order 

Electronic Commerce impact 

Develop 
Product 

Fulfil Order 

Support 
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Integrated approach needed: E-commerce + Simulation 

Figure 2.4 Current reported simulation applications. 

It is also evident that the trend in simulation is to have a wider scope and to analyse not only 

the internal business processes, but to include third party companies, such as customers, 

suppliers and subcontractors in the supply chain. 

Another emerging trend (although not mapped in Figure 2.4) is the application of Enterprise 

Simulation. Datar (2000), Harrol (1998), Mielke (1999) Mastaglio (1999), and Love and 

Barton (1996), all report on this subject, and the general consensus is that an Enterprise 
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Simulation is a simulation which is constructed with a top-down view of a business 

enterprise and which is intended to serve as decision support tool for decision makers, : 
"determining the impact across all the significant elements of the company's internal systems 
and even inclusion of necessary external elements like suppliers and customers" (Barton et 

al. 2001). The concept of enterprise simulation is also being extended to the analysis of 

supply chain designs (Tang et al. 2004). 

2.6 Modelling for e-business 

2.6.1 Modelling requirements for e-business 

The idea that e-business will impact the dynamics of a business process, rather than its 

structure has been proposed (Albores et al. 2002). Accordingly, the ability to represent the 

passage of time, or dynamics, is an important feature of any e-business process modelling. 

Business processes are naturally stochastic and their resources exhibit random behaviour 

(Irani et al. 2000). The randomness aspect is especially important when we consider the 

erratic and difficult to predict nature of e-business (Fryer 2001). For example, the knock-on 

effects of randomness (such as failure of a quality check preventing a batch to proceed to 

customer) would be masked by a static analysis in which the output rate is increased to 

account for the quality losses. 

E-business systems are increasingly used in aspects of the planning and control of the whole 

business. Planning and control activities have significant impact on the dynamics of the 

business and failure to take account of this during analysis will invariably underestimate the 

impact on the operation of the business when implemented. Modelling the information 

flows could be interpreted in its widest sense and include transactions arising from e- 

business systems. Transactions, such as allocations, stock movements, changes to schedules, 

etc. make a key contribution to the dynamics of a business. This is particularly important 

when the dynamic aspect is being altered as radically as in an e-business implementation. 

The degree of detail represented is important, as at a high level, it is the behaviour of the 

activities and not their configuration that will affect performance. Tools should be able to 

reflect a range of modelling scopes. From the black box modelling approach to very detailed 

models, the tools should allow different levels of analysis and diversity in the scope to tackle 

the different simulation levels identified above. 
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From this, the need for abstract representation is derived, as is the need to represent different 

levels and types of information, for example: process flow, distinct objects and hierarchies. 

Information and physical flows should be included in e-business process modelling. One of 

the determining factors of what represents a true business process are the inclusion of cross- 

functional activities and the flow of information, not only parts (Hammer and Champy 

1993). Accordingly, a modelling approach to e-business processes should be able to 

represent these two elements. 

It is also important that the measures used in the model are the same as those used 

operationally to enable a true comparison of the wider operational benefits to be made (i. e. 

quantifying in business measures). 
In summary, e-business modelling tools and techniques must capture the activities and 

interactions present within a business process appropriately. The random and time varying 

(dynamic) nature of these processes must be represented. Additionally, models must 

represent both the physical and information flows associated with a business process, 

including the transactions that arise from the business systems. These requirements are 

expanded below. 

Abstract representation: Business processes consist of collections of activities, connected 

by flows of information or materials. The type of activities to be modelled may be at a very 

generic level, e. g. modelling the `check stock' activity within the order fulfilment process. 

This could be simply modelled as a `black box' with inputs, outputs and times associated 

with the activity but no detail on how it is carried out. More in-depth analysis may break the 

`check stock' activity down to progressively greater degrees of detail. Indeed, Bosilj- 

Vuksic, et al (2001) note that "... from the process map itself not many differences can be 

observed ... the most important differences are evident in the way of performing these 

activities". The need for abstract representation draws upon the first category of `conceptual 

business process simulation' where process flow, distinct objects and hierarchy are evident. 

In doing this modelling challenges occur such as representing decision making of employee 

of whether to, say, de-allocate stock from one customer order to be able to supply stock to a 

key account customer. Other challenges arise on how to model business systems as new 

customer orders entered may or may not trigger a recommended change to the 

manufacturer's production schedule. Whilst this may be seen as very detailed issue it 

demonstrates the degree to which ICT can have an impact on the dynamics of a business. 
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Information and physical flows: Two of the determining factors of what represents a true 

business process are the inclusion of cross-functional activities and the flow of information, 

not only parts (Hammer and Champy 1993). The modelling of physical as well as 
information flows therefore represents an important feature for e-business modelling. There 

is the need to highlight the difference on the simulation categories of `manufacturing systems 

simulation', where only physical processes are modelled and `process specific simulation' 

where the physical processes and the business processes are integrated. A more complete e- 
business model would therefore not only include the flow of information, such as orders, but 

the corresponding flow of product for that order. At a detailed level, this could be the 

representation of stock records within a business system as well as the physical stock in a 

warehouse. To model only the stock records within a business system to, say, test the ability 

of a business process to deliver product on time in full could be flawed. Business metrics 

commonly include stock record accuracy to monitor and control discrepancies between 

physical stock and stock records. It could be argued that the management of such 
discrepancies is an operational matter, however, the opposing view is that e-business 

processes should be designed from the outset to be robust to such matters and therefore detail 

should be included in analysis. 

Control rules: Modelling the information flows could be interpreted in its widest sense and 
include transactions arising from e-business systems. Transactions, such as allocations, 

stock movements, changes to schedules, etc. make a key contribution to the dynamics of a 

business. How a business system is set up will affect how responsive or sluggish a process 

responds to change, for example how often schedules are re-planned will affect the 

responsiveness to changes in demand volume and mix. Therefore, in order to evaluate the 

performance of the whole system (such as is represented by the `enterprise-wide simulation' 

applications), the communication environment cannot be ignored (Wang et al. 2002). This 

has been taken further to question whether to model the business system using a copy of the 

real business system instead of an abstract model, including real business systems within the 

simulation model (Love and Barton 1996). The advantage of this approach is that not only 

are the transactions modelled faithfully, but also the impact of the dynamic behaviour of the 
business system on the whole business is captured. 

Randomness: Business processes are naturally stochastic and their resources exhibit random 
behaviour (Irani et al. 2000). Randomness may take the form of failure in resources, failure 
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in the resources to provide output in the appropriate quality, variation in demand, variation in 

commodity price, etc. Such effects are significant as they critically impact on the efficiency 

and effectiveness of processes. They limit the performance that would have expected from a 

deterministic analysis. A deterministic analysis could be factored to account for an average 

of 5% absenteeism or +/-20% variation in customer demand to negate the need to consider 

randomness, however, it is when the knock-on effects of randomness are considered over 

time that the real impact is apparent. The randomness aspect is especially important when 

considering the erratic and difficult to predict nature of e-business (Fryer 2001). 

Time-based effects: The ability to represent the passage of time, or dynamics, is an 

important feature of any e-business process modelling. Firstly, the knock-on effects of 

randomness (such as failure of a quality check preventing a batch to proceed to customer) 

would be masked by a static analysis in which the output rate is simply factored up by a 

given percentage to account for the quality losses. Secondly, e-business systems are 

increasingly used in aspects of the planning and control of the business which impact on the 

dynamics and failure to take account of this during analysis will invariably underestimate the 

impact on the operational performance when implemented. The degree of detail represented 

is important as at a generic level it is the behaviour of the activities not their configuration 

that will affect performance. 

Varied scope of evaluation: The scope of modelling naturally reflects the application area 

being studied. Tools should be able to reflect a range of modelling scopes. With the case of 

e-business evaluation this can involve interaction with other companies, perhaps along a 

supply chain. Drawing from the `enterprise-wide' and `supply-chain-wide' applications 

reported, properties of e-business simulation may need to include: ability to build models 

from "process-specific" simulations to "supply-chain-wide" models, and the ability to 

analyse them individually as well as a whole. Examples of activities to be included are: 

activities and systems in the order fulfilment process, the communication and logistics 

between companies, a number of suppliers and customers and finally the performance 

measures used in all these areas. 

Quantifying in business measures: In carrying out evaluation of options, various measures 

can be used for comparison. It is important that some of the measures used are the same as 

those used operationally to enable a true comparison of the wider operational benefits to be 

made. 
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In summary, e-business modelling tools and techniques must capture the activities and 
interactions present within a business process appropriately. The random and time varying 
(dynamic) nature of these processes must be represented. Additionally, models must 

represent both the physical and information flows associated with a business process, 
including the transactions that arise from the business systems. 
Having identified the modelling requirements for e-business processes, an analysis of 

different modelling techniques was carried out. The next section will look at how specific 

tools and techniques are able to meet these requirements. 

2.6.2 Modelling techniques for e-business 

Modelling techniques enable an abstract representation of a system, in this case a business 

process, to be built up. A wealth of modelling tools and techniques have potential to assist in 

evaluating the impact of change in organisations. Modelling tools vary in the way a process 

can be represented and the degree to which they can assist in quantitative analysis. This 

section briefly introduces the generic properties of the techniques. 

Some modelling techniques are static in nature and provide a diagrammatic representation of 

the process (for example IDEF models). Other techniques allow quantitative analysis (e. g. 
implemented using spreadsheets). Other modelling techniques are truly dynamic (e. g. 
Simulation). I will now look at these three types of approaches in turn, before discussing 

their appropriateness for use in planning e-business change. 

2.6.2.1 Overview of modelling approaches 

Static Models. Process mapping is one approach which is often used to structure and 

document the operation of a business and can help to provide a wider view of the impact of 

changes. Building a detailed process map can be very valuable as a starting point for any 

change activity. However, building process maps can be time consuming. To try to get over 

this problem, a number of generic process models have been developed. Some of these are 

discussed later in the thesis. 

Quantitative modelling. The advantage of these tools is that they can be used for "what if? " 

type analysis whereby a model is repeatedly run under different conditions and using 
different parameters (e. g. Montecarlo analysis in a spreadsheet). Quantitative modelling 

techniques can be easily supported through the use of spreadsheets, however, they typically 
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ignore the passage of time necessitating more sophisticated dynamic software described 

next. 

Dynamic models. These techniques can capture and replicate real world effects over time 

such as variation of customer orders, the level of inventory in the supply chain, unexpected 

failure of an activity, occasional poor quality output, etc. This extends analysis from a static, 

stable view of a business process to a real-life fluctuating performance. This is an important 

aspect of analysis as it could be argued that companies never settle into steady state and it is 

the dynamic, random aspects that have a critical impact on performance. Furthermore, I 

suggest that in modelling the differences between `traditional' business processes and e- 

business processes, the most significant differences will appear in how each activity 

performs rather than their sequence or structure. Such dynamic and random behaviour 

therefore is more topical. Inevitably, techniques able to represent dynamic and random 

behaviour will require more time, skill and expense to use and these will have an impact on 

their adoption. 

2.6.2.2 Analysis of modelling tools for e-business 

One of the key strengths of modelling techniques is to enable an abstract representation of a 

system, in this case a business process, to be built up. The abstract representation captures 

key information at a certain level of detail. Although there is no predetermined level of 

detail for a particular technique (interestingly simulation is often assumed to only be 

applicable at a detailed level), some tools and techniques (e. g. Bridge 1990) offer 

hierarchical capabilities to allow multiple levels of detail to be built up. For example, for the 

order fulfilment process (receive order, check availability, credit check, produce, pick, 

dispatch and invoice), the check availability stage could be further broken down into check 

stock, check production plan, allocate, etc. 

Some modelling techniques are static in nature and provide a diagrammatic representation of 

a process. The use of such techniques for communicating the structure of a business process 

makes them an obvious candidate for assessing the impact of e-business processes. 
Techniques range from providing simpleflow charting and process flow to more formalized 

methods such as Data Flow Diagrams (DFD), IDEF modelling and using GRAI grids. All 

these techniques have the ability to capture the activities and interactions present but lack the 

ability to model the dynamic and random aspects. IDEF3 and GRAI grids inherently 
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represent the time phasing but these are static in nature and would require links with 

simulation to execute the dynamic behaviour. 

Other techniques allow quantitative analysis. Such techniques may be implemented using 

bespoke spreadsheets. The advantage of these tools is that they can be used for "what if? " 

type analysis whereby a model is repeatedly run under different conditions and using 

different parameters. For example, what if the demand varied, what if an activity was more 

responsive or, more significantly, what if the process was reconfigured in a different way? 

With spreadsheets it is also possible to incorporate randomness; however, the limited or non- 

existent representation of dynamic behaviour is severely limiting. Whilst in practice such 

analysis is often quick to carry out, there are difficulties in conveying the process flow and 

interaction for communication and validation purposes. 

A more select group of techniques is able to look at the dynamic and random behaviour of a 

process. These techniques can capture and replicate real world effects such as variation of 

customer orders over time, the level of inventory in the supply chain over time, unexpected 

failure of an activity, variation in quality, etc. This extends analysis from a static, stable 

view of a business process to a real-life fluctuating performance over time. This is an 

important aspect of analysis as it has been argued that companies never settle into steady 

state and it is the dynamic, random aspects that have a critical impact on performance. 

Furthermore, Albores et al (2002) suggest that in modelling the differences between 

`traditional' business processes and e-business processes the most significant differences will 

appear in how each activity performs rather than their sequence or configuration. 

Queuing theory uses mathematical techniques to calculate the typical queues that could build 

up in front of a process due to its variability. The underlying structure makes queuing theory 

models inherently fast to evaluate and in turn the associated software tools have been 

branded rapid modelling techniques (Sun 1988). Whilst software is able to shield the user 

from the underlying mathematical construction, the technique lacks the ability to represent 

detailed interaction over time (e. g. to model individual transactions or batches) and is 

therefore limited to more abstract analysis. The lack of equivalence between an abstract 

model and the real world in turn will make validation and implementation more difficult. 

Simulation techniques are more powerful and are able to represent the passage of time. The 

degree to which they can represent interaction varies. Techniques include system dynamics 
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and discrete event simulation. System dynamics is not a commonly deployed technique 

(Melao and Pidd 2000). The technique, using software such as Ithink (e. g. Michaelides et 

al., 2002), is typically deployed at the supply chain level rather than detailed business 

process level. Building more detailed models of processes and in particular representing 
individual transactions is extremely difficult and this technique is therefore appropriate to 

more abstract analysis. 

Discrete event simulation is able to represent detailed transactions, information and physical 

flows over a period of time as well as incorporating randomness. Applications range from e- 

commerce (Giaglis et al. 1999b) to supply chain management (Chan et al. 2002) to business 

process redesign (Greasley 2000). The ability of such simulation techniques to represent the 

detail of a business process does not necessarily preclude its use at higher levels. 

Representing processes at different levels of abstraction is typically down to the software 

user's skill although some software, such as Arena, does ease this with the use of templates 

and hierarchical approaches to hide lower levels of detail. Also business process simulators 

such as Simprocess and Igrafx Process models are built up as a diagrammatic business 

process that can then be simulated over time. 

2.6.3 E-business modelling: reported applications 

With the introduction of e-business, companies were trying to catch up with the new ways of 

doing business and jumped on the "e" bandwagon without much analysis of what the 

implications of this technology would really have on their performance and the implications 

for the running of their business processes. The analysis of the impact of e-business on 

business processes had not been taken into account until very recently. Giaglis et al (1999a; 

1999b) pioneered the application of modelling tools to assess the impact of e-commerce 

(EDI in this case) on business performance. Their analysis is the only one of its type in the 

pre-dotcom-bubble-burst. They presented a case study of a pharmaceutical company, which 

was looking into applying EDI to their Order Fulfilment process. Their findings are 

encouraging in that simulation gave insights into the benefits that could really be attained by 

implementing EDI as opposed to the results that were expected. 

After the dotcom bubble burst, having the interest drawn away from the dotcoms, the 

number of reported studies of the effect of e-business on traditional companies increased. 
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Initially, the focus of these studies was e-commerce. For example, Eatock et al (2001) 

presented an analysis of the impact of IT on business processes through the ASSESS-IT 

project and applied it to the same case study presented by Giaglis et al (1999a). Tatsiopoulos 

et al (2002b) presented an application of e-commerce modelling using GRAI Grid, IDEF-0 

and IDEF-3 modelling tools combined with activity based costing (ABC) and gave some 

guidelines as to what the assumptions in populating e-business activities were. Finally, 

Gunasekaran et al (2002) identified potential areas of operations management that could be 

affected by e-commerce; however, they do not go into detail to evaluate quantitatively what 

the impact will be. 

More recent publications show a wider scope, not restricted to e-commerce, incorporating 

other areas of e-business. Barnes et al (2002) present an analysis of e-business processes in 

the service sector. Greasley (2003) applies simulation to a workflow management systems 

and Ngai et al (2003) presents the analysis of the development of a web-based system for 

sales in a water manufacturing company. Finally Bosilj Vuksic et al (2001) presented an 

analysis of a virtual company in which the procurement process is analysed and Albores et al 

(2002) have applied simulation to the analysis of e-purchasing and workflow in two 

manufacturing companies. 

Table 2.1 presents a summary of the reported e-business modelling application described 

above. The modelling approach, type of case study (industry), e-business application under 

study and the business processes affected by the application is described, as well as the 

objective (performance measures) in carrying the implementation. As can be seen, most of 

the applications of e-business have as ultimate objective the improvement of the dynamics of 

the business (reduction of lead-time and/or cost), which confirms the usefulness of 

evaluating dynamic behaviour in e-business implementation. 

Table 2.1 Modelling of e-business applications. 

Author Modelling Case Study E-business Business Performance 
Approach application Processes measures 

analysed. affected 
Giaglis et at Discrete event Pharmaceutical e-commerce Order On time in full 
(1999a) Simulation industry (EDI) fulfilment (OF) Lead time 

(DES) (Process 
Charter) 

Tatsiopoulos et GRAI Grid, Garment e-commerce Order receiving Lead time 
al (2002a) IDEF-O/ IDEF- manufacturer (manage Cost 

3 customer 
ABC costing order) 

Gunasekaran et -- A variety of A Variety of 
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Author Modelling Case Study E-business Business Performance 
Approach application Processes measures 

analysed. affected 
al (2002) applications. processes 
Eatock et al DES/ Pharmaceutical E-commerce OF/ Lead time 
(2001) Computer industry (Same Information Inventory 

Network case as (Giaglis systems 
simulation et al. 1999a) 

Ngai et al Flowcharting Mineral water Web-based OF (Sales Efficiency 
(2003) manufacturer workflow management) Cost 
Greasley DES Real estate Workflow Sales Leadtime 
(2003) implemented in agency management 

spreadsheet. systems 
Barnes et al Flowchart Financial Online trading OF. (Quote Lead time 
(2002) Institutions Management) Cost 
Bosilj Vuksic DES (Igrafx Virtual e-procurement Procurement Lead time 
et al (2001) Process) company Cost 

Albores et al DES Water and Label e-procurement / O. F. (Sales and Lead time 
(2002) (Simprocess / manufacturers workflow sourcing/ Full Cost 

Simul8) OF) Labour 
Utilisation 

From Table 2.1, reported applications can be grouped in terms of the business process 

affected by e-business. For example, Tatsiopulous et al (2002b), Barnes et al (2002) and 

Ngai et al (2003) deal with sales management. An analysis of commonalities in the 

processes can lead to the discovery of patterns (i. e. similar structures present in more than 

one case) in the sales process. These patterns can then be re-used within simulation to 

facilitate the analysis of sales processes in other case studies. The advantages are to have 

guidelines of how processes change when e-business is involved and to have pre-built sales 

processes that can then be customised for the specific needs of the case under study. 

2.7 Use of Generic business processes and simulation in e- 
business 

The interrelations inherent to business process modelling and the different levels at which 
they can be analysed make business process modelling a complex task. In order to facilitate 

the comprehension of this complexity, generic business processes have been developed 

(Childe et al. 1994). The idea of this generic business processes is that a company could use 

them to guide the identification and formalisation of a business process approach (it must be 

remembered that most of these processes already exist in a company, albeit in a tacit way). 
Once the processes are identified, strategies can be developed and resources assigned to 
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ensure that the company operates within these business processes, rather than in the 

traditional departmental view. 

For the purpose of this thesis, I will focus on the Operate Processes from the CIM-OSA 

business process architecture (Childe et al. 1994). These processes include Generate Order, 

Develop Product, Fulfil Order and Support Product (Figure 2.5) 
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rder/En ui O ontrol Design 0 Dispatch nhancement 

0 Provide han es ustomer OI 
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nformation o Manage e uirement 
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Information 

upport 
Process 
Information 

Figure 2.5 Generic operate business processes (Childe et al. 1994) 

These processes were developed for traditional manufacturing companies and, as can be 

seen, are at a level high enough to be applicable to the majority of companies. Figure 2.5 

presents the model down to the third hierarchical level. Even if these processes are 

decomposed, (e. g. sub-processes of Plan Order Fulfilment are: Process Enquiries, Process 

Orders and Maintain Manufacturing Schedule) the processes are still generic enough to be 

applied across a range of manufacturing companies. It is important to highlight here that the 

models are not prescriptive and that need to be customised to fit the individual needs of 

specific companies. 

One of the disadvantages of this model (at least at this level of detail) is that it shows what to 

do, not how to do it. If we were to search for differences between business processes in a 

manufacturing company before and after an e-business implementation, it is very likely that 

we would not be able to find a significant differentiation between processes. The argument 
for this assertion is that a manufacturing company will require planning the order fulfilment, 

obtaining the required items to manufacture, make the products, deliver them and measure 
the performance of the process regardless of the use of e-business. My thesis is that it is how 
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fast, efficiently and resource-intensive they perform these processes where the difference 

will arise. 

Being the difference one of system behaviour rather than one of system configuration puts a 
limit on the usefulness of static models for the analysis of these differences. It is here where 

simulation comes to play, allowing further analysis of the dynamics of these processes, and 

acting as a tool to analyse the interaction of the different activities in a process. For example, 

changing the way of receiving orders (e. g. via a website) will affect not only the order- 

planning horizon, but also the purchasing activity and delivery logistics. Even if this change 
is not on the structure of the process, it will definitively affect the speed and hence the 

dynamics of the process. 

Efforts have been conducted in the use of simulation for the analysis of technologies such as 
EDI in the business value of electronic commerce (Giaglis et at. 1999b). These efforts are 

focused on the analysis of the intangible benefits of e-commerce and identified the problems 

that would be faced by two companies when collaborating through EDI. Another example of 

application of simulation to the analysis of e-business implementation is reported in (Bosilj 

Vuksic et al. 2001). This application is focused on the analysis of the business model 

selected by the company. Although these reported applications deal with some aspects of c- 

business simulation, the use of generic business processes has not been explored. 

Another set of standard processes is the Supply Chain Operations Reference (SCOR) Model 

proposed by the Supply Chain Council (2002). The model describes standard supply chain 

activities (Plan, Source, Make, Deliver and Return), and related performance measures and 
best practices. 

There has also been work to develop generic business processes for e-business. Examples of 

this are the MIT e-Business repository in the US (Malone et al. 1999) and the work 

conducted by Barnes et al at the Open University in the UK (Barnes et al. 2001). The idea 

behind the e-business repository (Malone et al. 1999; MIT 2000) is that in order to build an 

e-business application, one selects from an arrangement of predetermined business process 

models for each activity and then fits them together to form the business model. The 

repository was built drawing from experience gained in work like that of Childe et al (1994) 

and the International Benchmarking Clearinghouse model (American Productivity & Quality 

Center 1992). Such work can guide analysts to focus on the area of e-business change, e. g. 
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the whole of the order fulfilment process, but it should be noted that the changes observed 

will be static, structural changes without any evaluation of change in operational or financial 

performance. 

These process models offer an opportunity to act as templates for simulation analysis of e- 

business process change. It is my proposition that by creating re-usable simulation templates 

(also known as components in some simulation packages) the analysis of c-business 

processes can be facilitated and made faster. The generic business process models can act as 

a starting point to create these templates. 

With work underway on building e-business process models (Barnes et al. 2001; MIT 2000) 

there is a lack of e-process templates to assist in the development of simulation models. 
Whilst the inherent properties of discrete event simulation techniques have the potential to 

assist in helping to model the impact of e-business processes, issues of how to represent the 

business systems and their dynamic influence on the whole process remain. The next section 

will look in more detail at these gaps and the research need that arises to fill them. 

2.8 Gap analysis and Research need 

Although electronic commerce is having an impact in the way companies make business, its 

penetration is not equally distributed along the different business sectors. As described 

before, Farish (2001) reports that manufacturing in the UK is the sector with the lowest rate 

(13%) of e-pioneers (i. e. those using Internet technology to support the most crucial business 

activities) and the highest rate (41 %) of e-laggards (i. e. those business that have yet to evolve 

beyond the most basic Internet-enabled applications such as e-mail), an indication of a big 

number of manufacturing companies not ready to make the transition to leading-edge status. 

(See Figure 1.1). 

Farish's study suggests that there is a need for manufacturing companies to speed up the 

adoption of e-commerce and to understand what is the reason behind this lagging. Some of 

the possible reasons are the difficulty of integration with the current systems and processes, 

and the lack of a framework in which analyse the changes required in these systems and 

processes, hence minimising the risk involved in the transition. Such framework would need 

to reduce uncertainty, make explicit the dynamic interactions of different business processes 
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across the enterprise, have the power of analysing whether an c-business strategy is really 
beneficial and as result, provide the required information for a faster c-business adoption 

With business process change seen as a pre-requisite for e-business there are two notable 

gaps. Firstly, there is a lack of detailed but generic e-business process models for specific 

implementations of e-business. If such detailed models can be created for generic e-business 

processes they will aid more rapid analysis of the potential impact of change. Secondly, there 

is a lack of simulation tools that can directly use such generic business processes as 

templates to create simulation models. This could be attributed to the functional deficiencies 

of tools to represent e-processes or illustrate the difficulties in creating generic process 

models at a level useful for simulation modelling. As e-business systems are used more and 

more for the planning and control of the business they will be more responsible for the 

dampening or otherwise of the dynamics of the business. Guidance is required on how to 

capture the dynamic impact of e-business systems in simulation models. 

By extending the assessment of change from the area of focus to the wider effects on the 

business process, a more complete assessment of the true business benefit can be made. 

Subjective and qualitative assessment is a valuable, if not essential, activity to ensure the 

cultural and political aspects are accounted for. Such assessment alone is insufficient and 

must be supported by more quantitative techniques to provide insight to the operational and 
business impacts. 

Such quantitative assessment of change should make use of the same metrics as used to 

measure the business on a day to day basis; the measures are well understood within the 

business, can be easily translated into operational performance and necessarily give a more 

complete view of the changes. For example, analysing the effects of the introduction of e- 

procurement should include assessment not only of the procurement activity cost but also of 

the effects on supplier performance, supply chain costs and inventory. 

Some tools such as benchmarking used to assess the changes a company should consider 

would typically contain a significant element of quantitative assessment. Benchmarking 

ranges from informal comparison with local companies to formal models. One such formal 

benchmark is the Supply Chain Operations Reference (SCOR) model (Supply Chain Council 

2002). The SCOR model contains a standard process reference model and common metrics 

that can then be benchmarked. By carrying out an audit of a company, a comparison against 
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best practice can be made, thus indicating the areas that the company should focus on. The 

gap identified against the benchmark data is quantitative and will indicate the extent of 
improvement necessary. 

Some benchmark schemes, such as SCOR, contain suggestions for specific applications that 

can be used to close gaps with those best in class. Such schemes are extremely useful in 

suggesting overall change and positioning it in comparison to best in class companies, not 
for assessing the impact of making e-business change at a local level. Typically any 
improvement therefore would be judged using static cost analysis that lacks insight to the 

operational performance over time at a local and company-wide level. 

Whether the analysis into e-business change is driven by an informal investigation or more 

structured approaches using benchmarking, a business case will be made. As a minimum the 

case would show the cost of the investment and a payback period. The business case is 

unlikely to show the impact on the operational performance either in business process terms 

or for the whole business. Such omissions could be addressed through the use of modelling 

techniques that are able to capture the on-going operational characteristics associated with 

the change. 

2.8.1 Potential for innovation 

It is in the light of the aforementioned gap that the current research is focusing. Since 

simulation is a technique that permits the analysis of different scenarios and hence the 

reduction of risk, it is deemed suitable to analyse the impact of electronic business in 

manufacturing business processes and serve as a design tool for this change. 

From the initial gap analysis, I have selected the operate processes as a starting point for the 

research since these are the processes that are directly involved in producing value for the 

customer (Childe et al. 1994) and are more likely to be impacted by c-business. 

The scope of the present research will be focused on "bricks-and-mortar" manufacturing 

companies that want to adopt e-commerce and will explore the modalities of internal, 

external and inter-organisational issues. 

2.8.2 Research Questions 

It is at this stage where the different aspects of the agenda are set. The research questions to 
be answered are: 
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1. Is simulation suitable as a tool to analyse the effect of e-business implementation in 
the business processes of manufacturing companies. 

2. What is the role of static modelling in understanding change brought about by e- 
business, and can generic business process maps be a useful starting point? 

3. Can patterns be identified that characterise the e-business processes of manufacturing 
companies? 

4. Can re-usable simulation templates be derived from these patterns? 
5. What are the limitations, scope and range of applicability of these templates? and 

what methodology must be followed when using simulation in this context? 

The next chapter will present the methodological options available to answers these 

questions and the choices made regarding these options. 

t, 
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Chapter 3 Research methodology 

Research in the Operations Management field presents a number of difficulties usually not 

associated with the more "scientific" approaches used by natural sciences and engineering. 
One of these difficulties is 

"the notion that 'research' implies a search for 'facts' which are in some sense 

precisely observable under replicable circumstances, or, at least, are subject to some 

statistically measurable experimental error which has been established by multiple 

experiments by the researcher. It is both difficult to 'experiment' with human beings 

and difficult to replicate many experiments". (Elder 1992) 

This is particularly true when dealing with "management" type research, where each 

situation is context-bound and hence, difficult to replicate in an exact manner. Research 

methodology takes an especially important part on this type of research since an appropriate 

research design will constrain the number of uncontrolled factors and lead to a better 

replicability of the research. As Karlsson (2002) states: "Methodology is there to make it 

credible to the reader that you have planned and carried through your study as well as 

analysed and drawn conclusions in a way that we can rely on what you write... the idea is 

quality assurance in research". (Karlsson 2002) 

The present chapter will deal with the selection of an appropriate research paradigm and 

research design to tackle the problem in hand. The chapter will start by briefly reviewing the 

different research paradigms, explaining the differences and similarities, as well as some of 

the issues debated around the selection of a paradigm. 

Next, the chapter will analyse the research project in the light of the analysed paradigms and 
justify the selection of one of them for the specific project. Then, the detail of the research 
design is presented, presenting the specific research stages and the methods, techniques and 

tools used in each one of them. 

Finally, the chapter will close with a summary of the selected methods. 
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3.1 Methodology: what is it and what is for. 

If you asked ten researchers to define methodology, most probably you would end up with 

ten different answers. The term methodology is usually used loosely and according to the 
idiosyncrasies or schools of thought of the individual researchers It is important then to 

define what methodology is from the point of view of this study (although it will not claim to 

have THE definition of methodology at the end of it). Lehaney and Vinten (1994) have 

identified that the term `methodology' has six different definitions. They argue that 

"methodology" has been used by different authors to signify the following different concepts 
(Lehaney and Vintem 1994): 

1. The way in which hypotheses become theories -scientific methodology. 
2. The ways in which methods and techniques are chosen to address a particular 

problem. 

3. The ways in which problems are chosen (as well as their level of detail, scope). 
4. Methods and techniques 

5. The modelling process, 

6. The chronological planning of events, i. e. the research programme 

As can be seen, the use of the term methodology encompasses a wide variety of meanings, 

some of which are not only complementary, but also some of the concepts may be part of 

other concepts (for example, the first definition could include all the other definitions as 

steps of the process). 

For the purposes of this work, the term methodology will a combination of the above in term 

of describing the process in which the research questions are converted into theory and the 

selection of the methods and techniques that help this process. 

3.1.1 Methodological process 

A number of processes have been defined as to what are the steps to follow when developing 

a methodology. Martinez and Albores present a proposed path for research, starting from the 
identification of the research issue, through to the finalisation of the research work. 
(Martinez and Albores 2003a). 
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The process presented in Figure 3.1 depicts the more common activities of the research 

process and adds the steps of definition of the research quality evaluation criteria and the 

actual evaluation of the research against these criteria, a step not usually present in the 

research processes existent to date. (NOTE: One important point to make here is that this 

process is iterative and not strictly sequential). 

Identification of 

research issue 

-/ 

O Development selection of methods to ful'd research quality 
criteria 

Impact on outcomes by adopting research evaluation criteria 

Indicators/ Controls 

Figure 3.1. Research methodology process (Martinez and Albores 2003a) 

This process was used as a guide during the project and will serve as reference point in this 

chapter. Steps 1 to 3 (Identification of research issue, exploratory analysis and pre- 

understanding and establishment of initial research questions/hypothesis) were dealt with in 

Chapter 2. The research design will be described in section 3.3, with section 3.4 describing 

the selection of research quality evaluation criteria. 
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Before going to the detail of the research design, it is important to select a philosophical 

paradigm within which the research will be framed. Such decision it is important because it 

has an impact in the selection of methods and techniques to be used in the research design 

and in the view of what constitutes good research outcome. Section 3.2 describes this 

selection process. 

3.2 Research paradigm. 

Choosing a research paradigm implies the selection of a philosophical point of view and a 
definition of truth, a field not far from ontology. Traditionally, research paradigms have been 

divided in two main streams: the positivist approach and the phenomenological approach. 

Quantitative researchers tend to come from a positivist paradigm, which assumes that there 

exist social facts and an objective reality that is examinable, while qualitative researchers 

usually come from a phenomenological paradigm and assume reality is socially constructed 

through definitions of the situation. (Easterby-Smith et al. 1999; White 2000) 

According to Easterby-Smith et al, there are at least three reasons of why an understanding 

of these paradigms is useful (Easterby-Smith et al. 1999): 

1. It can help clarify the research design. 

2. It can help the researcher to recognise which designs will work and which will not. 
3. Knowledge of these paradigms can help the researcher identify and create research 

designs that may be outside his past experience. 

Numerous debates have taken place and continue taking place about the validity of each 

research paradigm and their application to different contexts. 

I will now briefly review both paradigms and describe their characteristics, comparing and 

contrasting them. 
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3.2.1 Positivist paradigm 

According to Easterby-Smith et al (1999), "the key idea of positivism is that the social world 

exists externally, and that its properties should be measured through objective methods, 

rather than being inferred subjectively through sensation, reflection or intuition". Positivism 

sees the world as objective and value-free. This characteristic makes positivism look at the 

world from a detached distance and assert that the phenomena would be perceived equally 

despite being observed by two researchers with different sets of pre-conceptions and values. 

It aims to generalise by having samples of sufficient size. Positivism then implies (Easterby- 

Smith et al. 1999): 

" Independence. The observer is independent of what is being observed. 

" Value-freedom. The researcher's values do not interfere with the results or the 

interpretation of results. 

" Causality. The aim is to identify causal explanations and fundamental laws. 

" 'Hypothetico-deductive. Proposing hypotheses and deducting what observations are 

required to prove them. 

" Operationalisation. Needs to operationalise in a way that facts can be measured 

quantitatively. 

" Reductionism. Reduce a problem to its simplest parts. 

" Generalisation. It is necessary to select samples of sufficient size in order to 

generalise. 

0 Cross-sectional analysis. Comparison of variations across samples 

The strengths and weaknesses of this paradigm are (Easterby-Smith et al. 1999): 

Strengths: 

" can provide a wide coverage of different situations 

" can be fast and economic 

" can provide relevance to decision, especially when statistics of large examples are 

involved. 

Weaknesses: 

" tend to be inflexible and artificial 

" not effective to understand the process or significance of people (actors) 

" Not very helpful in generating theories because it is focused on what is now, by 

inferring that changes and actions should take place in the future, but not in their 

research time. 
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3.2.2 Phenomenological paradigm 

Phillips and Pugh (2000) state that the starting point of induction is an impossible one; that it 

is a myth that out of a disorderly array of sensory data an orderly theory will emerge. 

According to them, there is no such thing as an unbiased observation. This last sentence 

captures the ethos of the phenomenological paradigm, which views the world not as 

objective an external, but as "socially constructed and given meaning by people" (Easterby- 

Smith et al. 2002). The task of the researcher should not be to gather facts and measure 

patterns, but to "appreciate the different constructions and meanings that people place upon 

their experience". 

The identified strengths and weaknesses of the phenomenological paradigm are (Easterby- 

Smith et al. 1999): 

Strengths: 

" Ability to look at change processes over time, 

" Ability to understand people's meanings 

" Ability to adjust to new issues and ideas as they emerge and 

" To contribute to the evolution of new theories. 
Weaknesses: 

" Data collection can take a lot of time and resources, 

" Analysis and interpretation may be difficult. 

" It is harder to control the pace, progress and end-points of the project. 

Selecting a paradigm is relevant because it will influence the research design. The researcher 

must be aware of the research paradigm when choosing research strategies, methods 

techniques and tools, in order to have consistency between the research elements. Morgan 

identified three levels of use of the word paradigm: the philosophical level, which reflects 

basic beliefs about the world; the social level which provides guidelines about how the 

researcher should conduct his or her endeavour; and the technical level, which involves 

specifying the methods and techniques which should be ideally adopted in conducting 

research (Morgan 1979). Easterby-Smith et al present the main characteristics of the two 

competing paradigms mapped against Morgan's classification in order to illustrate the 

differences between the paradigms (Easterby-Smith et al. 1999) (Table 3.1). 
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Positivist paradigm Phenomenological paradigm 
Basic Beliefs The world is external and The world is socially constructed 

objective and subjective 
Observer is independent Observer is part of what is 

observed 
Science is value-free Science is driven by human interest 

Researcher should Focus on facts Focus on meanings 
Look for causality and Try to understand what is 
fundamental laws happening 
Reduce phenomena to simplest Look at the totality of each 
elements situation 
Formulate hypothesis and then Develop ideas through induction 
test tern from data 

Preferred methods include Operationalising concepts so Using multiple methods to 
that they can be measured establish different views of the 

phenomena. 

Taking large samples Small samples investigated in 
depth over time 

Table 3.1 Key features of positivist and phenomenological paradigms (Easterby-Smith et al. 
1999) 

3.2.3 The debate 

As can be expected from having two different and somehow conflicting philosophical views 

of research, a continuous debate have been taking place about the appropriateness and 

applicability of each one of the approaches to different problems. The debate has signalled a 
dismissal of the opposite paradigm (depending on which side of the argument the author is) 

as an invalid approach for the creation of science. 

From a quantitative point of view, there are several criticisms made to the qualitative 

approach. As Saludadez and Garcia (2001) report from a roundtable where quantitative 

researchers were asked to give their impression of qualitative research 

... one central theme that related to the participants' view of qualitative research vis-A-vis 
quantitative research emerged: qualitative approach is subordinate to the quantitative 
approach. This central theme is made up of three sub-themes which are presented below 

Sub-theme 1: Qualitative method cannot approximate the precision and objectivity of the 
quantitative method. 
Sub-theme 2: Qualitative method is used only when quantitative method cannot do the job. 
Sub-theme 3: Qualitative method must aim for prediction, not just understanding, to be 
legitimately called a science 
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... all these sub-themes make qualitative research inferior to quantitative research by putting 

a lower premium on what qualitative research considers important, namely, description, 

meaning and understanding. Sub-theme 1 gives the impression that qualitative description is 

of a lower standing than quantitative measurement, sub-theme 2 that qualitative data (words) 

are of lower value than quantified data (numbers) and sub-theme 3 that understanding as an 

aim of science is of lower value than prediction.... (Saludadez and Garcia 2001) 

Similar comments have being made from the qualitative comer about the quantitative 

approach. The main arguments are: 

" The unsuitability of quantitative research to grasp the complexity that social systems 

present. 

" The fact that a quantitative approach cannot appreciate the "different constructions and 

meanings that people put on their experience" (Easterby-Smith et al. 1999), hence loosing 

insight into what may be the cause or solution to a problem and that cannot be measured 

using quantitative tools. 

" The assumption of value-freedom is difficult to sustain, especially in the social sciences 

and management research. 

Despite all the arguments and theoretical debates, it has been recognised that in practice the 

two approaches mix and are even complementary in some situations (Fielding and Schreier 

2001). The view that quantitative research is always "objective" and on the other side of the 

coin, that qualitative methods always lead to more meaningful analyses, is open to question 

(Laurie and Sullivan 1991). 

Cupchick argues that the "competition between qualitative and quantitative research is 

resolved into complementarity" (Cupchik 2001). He sees both approaches as essentially 
inter-related, with quantitative research contributing towards the precise identification of 

relevant processes, and qualitative research providing the basis for their "thick description". 

Hammersley has argued that the distinction between qualitative and quantitative is of limited 

use and "indeed, carries some danger" (Hammersley 1992). For one thing, dichotomisation 

may narrow the arena for complementarity and I must be aware of the possibility of 

combining research methods, keeping always in mind the selected predominant paradigm. 

45 



Fielding and Schreier (Fielding and Schreier 2001) also show that, because of the way in 

which research has been done historically and the weight that quantitative methods have had 

in the development of science, qualitative researchers are more prone (or are forced) to use 

quantitative methods than quantitative researchers to use qualitative methods. As Laurie and 

Sullivan state: "we believe that if an attempt is to be made at understanding which is not 

entirely relativist then some way must be found to accommodate the findings of both 

quantitative and qualitative research" (Laurie and Sullivan 1991) 

3.2.4 Paradigm selection for this research 

Being trained as an engineer and having a strong quantitative background, the natural choice 

for a research paradigm is the positivist, quantitative research strategy. However, having 

studied the different paradigms and the debate surrounding the suitability of the different 

paradigms to different situations, it was decided that the research paradigm that would be 

used for this research would be predominantly phenomenological/qualitative. Nonetheless, 

some of the techniques and tools used in the positivistic/quantitative approach would be 

required. This selection is in line with those authors that argue the complementarity of both 

approaches to have a better understanding of the phenomena under study. 

The reason for selecting a predominantly phenomenological approach is that this research 

aims to explore the use of tools and techniques and their implementation process for the 

study of e-business implementations. Of interest in this research is the perception of 

potential users about the value of using simulation and re-usable components for the analysis 

of e-business processes. In order to do this, a small number of studies was carried out in 

which the context was studied and the researcher involved in the process and not completely 
independent. Table 3.2 presents a summary of what the project outcomes would be from 

using different paradigms. 

Positivist Phenomenological 
Success of the project Degree of representation of Degree of usability perceived 

real business processes by the client. 
s ecific measure? ) 

Role of researcher Analyst Facilitator in understanding 
change and analysing options 

Focus of the research Develop Constructs and test Constructs and tools to 
the "appropriateness" of evaluate the response to 
these constructs. these constructs 

Proposed number of >30 for statistic validity -6 theoretically sampled 
Samples 

Table 3.2 A comparison of the project in the light of the two different approaches 
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Having selected the main philosophical paradigm, the next section will deal with the specific 
detail of the research methodology in every step of the research: the research design. 

3.3 Research Design 

Research design has been defined as " the logical sequence that connects the empirical data 

to a study's initial research questions and, ultimately, to its conclusions" (Yin 1994). Yin 

advocates that research designs should have five components: 
1. a study's question 

2. its propositions 

3. its units of analysis 
4. the logic linking the data to the propositions, and 
5. the criteria for interpreting the findings. 

However, Yin's is only of many research frameworks. From the definitions proposed by 

different authors (Lehaney and Vintem 1994; Yin 1994; Easterby-Smith et at. 1999; Voss et 

at. 2002), a summary can be presented as to what (in this author's view) a research design 

should include: 

" Research Paradigm (as a pre-requisite and affecting the research design issues) 

" Research Design 

o Problem definition (Limits, level of detail) (What and why) 

o Choosing/developing methods and techniques (How, where) 

" Research methods/strategies. 

" Data collection (Sources, instruments) 

  Data analysis 

  Modelling techniques 

  Selection of tools 

o Researcher role (Who and in which quality) 

o Time scales for the above. (When) 

o Research quality evaluation criteria. 

Every one of these steps will be described in the remainder of this section 
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3.3.1 Problem definition 

The problem definition was described in Chapter 2 and the research questions can be 

summarised as: 

1. Is simulation suitable as a tool to analyse the effect of e-business implementation in 
the business processes of manufacturing companies. 

2. What is the role of static modelling in understanding change brought about by e- 
business, and can generic business process maps be a useful starting point? 

3. Can patterns be identified that characterise the e-business processes of manufacturing 
companies? 

4. Can re-usable simulation templates be derived from these patterns? 
5. What are the limitations, scope and range of applicability of these templates? and 

what methodology must be followed when using simulation in this context? 
The study will be focused in the order fulfilment process of manufacturing companies. 

3.3.2 Choosing methods and techniques 

Case studies were selected as research methods, using interviews, questionnaires and non- 

participant observation as data collecting tools. A quasi-experiment was set-up to test the 

perceived "usability" of simulation components for the analysis of c-business. Simulation 

will be at the heart of the project, hence, some degree of quantitative techniques and tools 

will be used. However, it must be emphasised that the findings of this project will be 

restricted by the limitations imposed by qualitative projects. A full justification of the above 

selections is given next. 

3.3.3 Method selection: Case studies 

A case study may be defined as "an extensive study of a single situation such as individual, 

family or organisation" (White 2000) 

Voss et al (Voss et al. 2002) cite three strengths of case research, put forward first by 

Bebensat et al (1987): 

1. The phenomenon can be studied in its natural setting and meaningful relevant theory 

generated from the understanding gained through actual practice 
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2. The case method allows the questions of why, what and how, to be answered with a 

relatively full understanding of the nature and complexity of the complete 

phenomenon. 

3. The case method lends itself to early, exploratory investigations where the variables 

are still unknown and the phenomenon not at all understood 

Yin (1994) states that case studies should be used when "a why or how question is being 

asked about a contemporary set of events over which the investigator has little or no 

control". Additionally, Voss et al (2002) specify that case studies in operations management 

should pay attention to what processes (manufacturing and services) and systems are to be 

studied, the methods for studying them and the operating data to be collected from them. 

The research questions for this project are of a "how" nature. How do traditional and e- 

business process differ and how do we go about analysing these differences using a specific 

technique (simulation) are the main questions this research aims to answer. The nature of e- 

business as a contemporary (i. e. occurring at the moment as opposed to a historical fact) 

phenomenon is irrefutable. Finally, there is little degree of control from the researcher over 

the implementation of a particular e-business application in an industrial setting. Such 

decisions can be affected by other technological implementations, changes in strategy or 

simply internal politics and changes in priority. It was then thought that case studies would 

be a good strategy to follow in this research. The researcher is aware of the fact that the case 

study method is not the only option for this project. A brief description of how the research 

design would have been different if other research strategies would have been chosen is 

presented at the end of this section. 

It is very important at this stage to clarify some of the characteristics of case-based research 

and highlight its differences with the more traditional (i. e. quantitative) way of doing 

research. According to Yin, one of the most common criticisms of case studies is that they 

provide little basis for scientific generalisation (Yin 1994). The mistake here is "to try to 

generalise to a population or universe, instead of trying to generalise to theoretical 

propositions". It is very important to stress that a case study does not represent a "sample" 

and that the aim of the researcher is to achieve analytical, rather than statistical 

generalisation. 
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In statistical generalisation, an inference is made about a population on the basis of empirical 
data collected about a sample. Analytical generalisation is achieved when a previously 
developed theory is used as a template with which to compare the empirical results of the 

case study (Yin 1994). In analytical generalisation, the researcher aims to generalise a 

particular set of results to some broader theory. Yin, however, warns about trying to make 

this generalisation automatically. A theory must be tested through replications of the 

findings in a second or third case (replication logic). If similar results are obtained from all 

the cases, replication is said to have taken place. Each case must be selected so that it either 

predicts similar results (literal replication) or produces contrasting results, but for predictable 

reasons (theoretical replications). 

3.3.3.1 Case study design 

Yin presents a case study method in which "each individual case study consists of a `whole' 

study, in which convergence is sought regarding the facts and conclusions for the case. Each 

case's conclusions are then considered to be the information needing replication by other 
individual cases. Figure 3.2 shows this method 

uraw cross- 
... _ .. _ .. _ ý.. -"ý case I 

conclusions 

Conduct 1st Write 

case study 
individual case 

report 

Modify Select Cases Theory 

I 
Develop Conduct 2nd Write 

individual case Theory case study report Develop policy 
implications 

Design data 
collection 
protocol I 

" I 
Write cross- 

Conduct write case report 
remaining individual case 

case studies reports 

Figure 3.2 Case study method (Yin 1994): 49 
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Different case study designs have been proposed. Yin presents a matrix in which the axes 

represent different case study design situations (single and multiple-case designs) and the 

units of analysis within these design situations (holistic -single unit of analysis- and 

embedded -multiple units of analysis-) 

This research uses a combination of these case study designs. Initial case studies (both 

reported and empirical) are used to generate the initial e-business process models 
(theoretical) and test the feasibility of the approach. Each case study will be described later 

in this thesis. An analysis of the type of case study used in each case is presented in Table 

3.3 

Case Case type Design 

situation 

Unit of 

analysis 

Processes 

WaterCo. Primary (D) Single Embedded POH and order taking 
LabelCo Primary (D) Multiple Holistic Order management process 
MotorCo Primary (D) Multiple Embedded Ordering and Planning. 
PharmaCo Secondary (D) Multiple Embedded Ordering and Shipping 
VirtualCo Secondary (D) Multiple Holistic 
BottlingCo Secondary (D) Multiple Holistic 
CopierCo Primary (T) Multiple Embedded Lab order taking and Result 

delivery 
Utili Co Primary (T) Multiple e Holistic 
ERPCo Primary (T) Multi le Embedded 

D= Development case T=Testing Case 

Table 3.3 Case types and units of analysis 

The approach ensued during this research was as follows: An initial pilot case study was set- 

up to investigate the feasibility of the project and analyse how relevant the research 

questions were to the industry. From this case study, confirmation of the validity of the 

approach was obtained, as well as a number of initial c-business templates. These templates 

were then validated against reported case studies. 

In order to validate the templates, a pattern-matching logic approach was followed, in which 

"such logic compares an empirically based pattern with a predicted one (or several 

alternative predictions)" (Trochim 1989). The approach followed for the development and 

validation of the templates was as follows: 
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9 Potential templates would be identified in a case study (source case study). For 

example, order taking via Internet. 

" These potential templates would then be tested applying them in the next case study 
(test case study). For example, did the activities depicted in the order-taking-via- 
internet-template from the source case replicate in the test case? 

" Modifications to the potential templates would occur to make them generic to both 

the source and test case study. At this stage, sometimes the specific characteristics 

of a case would need to be sacrificed in order to obtain a more generic template. 

" Additional potential templates would be identified in the test case, hence converting 

the test case in a new source case. 

"A new case would then become the test case where the potential templates from the 

previous source cases would be tested. 

" The process is repeated until theoretical saturation is reached. 

This approach will be denominated "sequential-case-studies design" during this thesis. The 

advantages of such an approach are that the templates/components are evaluated as they are 

being developed, allowing for modifications to occur while the initial testing of a potential 

template. These modifications were then tested against the new cases, building internal 

validity into the constructs. This is in line with what Einsenhardt says about constructs in 

case studies: "... the construct, its definition, and measurement often emerge from the 

analysis process itself, rather than being specified a priori" (Eisenhardt 1989) 

Another advantage of this approach is that a lower number of case studies would be required 
in order to obtain validity and reliability in the study. The alternative approach would have 

been to take a set of case studies as source cases and another set of case studies as test cases. 
This would have been more time consuming, and would have probably required a third set of 

case studies in order to re-test the modifications arising from the test case studies. 

Referring back to Figure 3.2, the approach proposed for this thesis would have an extra line 

coming from case study I to case study 2, from case study 2 to case study 3 and so on, hence 

having the case studies not only as an input to the overall cross-case analysis, but also as an 

input to the next case studies. 

An analogy can be made with Meredith's cycle (Meredith 1993) to illustrate the research 

process that is going to be followed in this project. Figure 3.3 shows a mapping of the 
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process in which each cycle would be the input for the next case, repeating it until 

satisfactory results are obtained. The iterative nature of the approach must be highlighted. 

During the research, I went through this loop a number of times, creating new processes, 

refining them and testing them. 

l: -pt-()c 

Simula 

Case Stu 

Pilot case study 

_iterature 
Case Studies 

wric e-business 

processes 

Figure 3.3. Iterative "sequential-case-design" mapped against Meredith's theory creation cycle 

3.3.3.2 Case study protocol 

In order to have a reliable outcome of research, especially when using case studies it is 

necessary to have a case study protocol (Yin 1994). Eisenhardt (Eisenhardt 1989) proposes a 

case study process that can be used as starting point for the design of a case study protocol. 

This process, depicted in Table 3.4, presents the different steps (column 1) and activities 

(column 2) that are suggested when developing theory from case studies. Column 3 presents 

how this steps and activities are tackled in this research project. 

Step Activity How is tackled in this research 
Getting Started Definition of Research Questions Personal interests and literature 

review. 
Possibly a priori constructs Questions posed and construct 
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development from literature 
(simulation components) 

Neither theory nor hypothesis Open research questions. 
Exploratory analysis to begin with. 

Selecting Cases Specified Population Manufacturing related companies. 
Theoretical, not random sampling Companies that are implementing/ 

have implemented e-business, 
preferably in the order fulfilment 
process. (Chosen to fill theoretical 
categories). 

Creating instruments Multiple data collection methods Interviews, Participant observation, 
and protocols archival data collection (from 

companies' computer systems) 
Qualitative and quantitative data Qualitative: Interviews and 
combined questionnaires focused on 

perception of the usefulness of the 
constructs. Quantitative: 
Simulation and quasi-experiments 

Multiple investigators Not applicable in this case, being a 
PhD project. However, input from 

supervisors and collaborators. 
Additionally, data collection was 
sometimes done through facilitators 
(avoiding bias in process mapping) 

Entering the field Overlap data collection and analysis, Hard data and perceptions collected 
including field notes simultaneously. Sequential-case- 

studies design. Analysis of data 
corroborated with collaborators. 

Flexible and opportunistic data Semi structured interviews. 
collection methods Triangulation of data. Some cases 

conducted through email due to 
distance. 

Analysing data Within-case analysis Detailed case study write-up. Data 

reduction and data display 
techniques 

Cross-case pattern search using Pattern searching between cases for 
divergent techniques generic e-business activities. 

Pattern-matching logic. Creation of 
categories (e. g. type of e-activities) 
for with-in group similarities. 
Juxtaposition of pairs of cases (e. g. 
Albores et al IFIP 2001). 

Shaping hypothesis Iterative tabulation of evidence for Refining the constructs via the 
each construct "sequential-case-studies" design. 

Tables used as comparative tools 
for different case studies. 

Replication, not sampling, logic Manufacturing companies that have 
across cases implemented or are about 

implement e-business in order 
fulfilment process. Constructs 
derived from one case study are 
tested in the next. New constructs 
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developed if required and tested in 
further new case. 

Search evidence of "why" behind Qualitative data collected 
relationships 

Enfolding literature Comparison with conflicting Comparison with Melao and Pidd. 
literature (Albores et al. 2005) 
Comparison with similar literature Comparison with authors like 

Giaglis, Tatsioupolous, etc 
Reaching closure Theoretical saturation when possible Proof of concept sought. 

Table 3.4 Case study building theory process (Adapted from Eisenhardt 1989) 

Having studied the different stages of a case study project, the next step is to make explicit 
the case study protocol. Two case study protocols were defined for this project, one for the 

pilot case study and other for the multiple case studies. The details of the protocols are 

presented in the relevant chapters (Chapters 4 and 6). 

3.3.4 Method selection: Quasi-experiments 

Experiments investigate the relationships between cause and effect. They determine whether 

a change in one factor causes and produces an effect in other factor. (White 2000). Usually 

experiments require complete control over the variables, both endogenous and exogenous. 

However, in the management field, it is difficult to have complete control over all variables. 

Hence the term quasi-experiment has been proposed to signify situations in which the 

concept of control and experimental groups is present, but not chosen at random fashion 

(White 2000). The idea of a quasi-experiment is to get a before and after effect and relate 

this to the variable under study. 

Once the components were developed (partially developed in one case) two quasi- 

experiments were set up. The experimental design used was that of "pre-test, post-test 
control group design". According to White (2000), "this form of design is particularly 

robust. Both groups are tested at the start, one group receives the treatment, the control does 

not, and both groups are post-tested at the end". The first test involved thirty learners of 

simulation and the second test involved eight researchers not specialising in simulation. The 

idea behind the quasi-experiments was to evaluate the usefulness of the proposed 

templates/components when actually building e-business simulations. Detail of the 

experiment design is given in Chapter 6 
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3.3.5 Techniques selection 
Using case studies and quasi-experiments as research methods implies using a number of 

techniques and tool to collect and analyse data within these methods. In this research 

different techniques were used at different stages. Simulation methodologies and simulation 

results, being the main point of interest in the project are embedded throughout the project 

Semi-structured interviews, standard data collection sheets, and non-participant observation 

were used during the case studies, while questionnaires and observation were used during the 

quasi-experiments. Within the mentioned research methods, the following techniques will 

be used: 

3.3.5.1 Simulation 

The characteristics of simulation have been analysed in Chapter 2. In this section, an analysis 

of simulation in a methodological context will be conducted. 

It could be argued that since simulation is primarily a tool for quantification, its use within a 

more quantitative approach would seem sensible. However, simulation is not only a tool for 

quantification (although it is one of its main strengths), but also of understanding and this 

characteristic makes it a suitable tool to be used in a phenomenological research. 
This is further supported by a recent discussion on the SIMSOC mailing list (SIMSOC 

mailing list 2003), in which the nature of the use of simulation as theory building and theory 

testing tool was debated. Some of the arguments are: 

For: 

" "All simulations, including those that are numerical in nature, are done to capture both 

qualitative and quantitative elements of processes. The point here being that to get qualitative 

feedback, one is not required to employ a qualitative model". (Fishwick, Paul). This 

illustrates the view that simulation can be used to gain understanding and hence qualitative 

insights. 

" "I should have thought that simulation is a way of exploring different kinds of (social) 

dynamics, and then using the findings to inform further (social) research". [Green, Nick] 

(brackets added by this researcher) 

" It seems to me that simulations (at their best) are built on top of pre-existing explanatory 

theory, they may act as tests of those theories, but in a true Popperian sense, can do little to 

confirm only perhaps help falsify them. There is a third role for simulation which is in 

generating the phenomena about which we go on to theorise. This seems to me to be 

particularly important ... because it allows us to be experimental, to control our parameters 
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and to focus on the dynamics of emergent systems in a way that may help us to develop 

explanatory theory (Penn, Allan) 

" It is in the model that we find roots of explanatory functions. But also to the extent that we 

simulate the model, this surely also contributes to an explanation. (Fishwick, Paul) 

" Sometimes we observe phenomena specifically to test our theories (as Popper would have it). 

Sometimes we create phenomena to give us something to theorise about (as Hacking would 

have it). Simulations let us create, control and repeat the production of phenomena about 

which to theorise (Penn, Allan) 

" the simulation results are used to uncover or observe the processes - but the simulation model 
is a formal description of the process. (Carley, Kathleen) 

Against 

" Invariably, you are forced to make numerous judgments and choices along the way in order 
to make the simulation run, especially in regard to which factors mentioned by the theory are 

needed and which are not, and the functional forms that will relate those factors to one 

another in the simulations. Moreover, writing the simulation almost certainly will reveal 

logical gaps in the theory that must be filled in order to make the simulation work. The 

simulation introduces functional relationships that the theory does not specify, and usually 

specifies gap-filling assumptions that the theory never made. The simulation or simulations 

represent improvements over the original theory, and if there are multiple simulations with 

mutually contradictory derivations, they are all improved versions of the theory (at least from 

a logical standpoint) and may be adjudicated by empirical testing. (Markovsky, Barry) 

" The problem with the view that simulations are tests of theories is that there is no way other 

than argument to 'prove' that a simulation represents a theory. Once we accept that problem, 

then simulation becomes yet another mode of discursive argument, one surrounded with 

complex and 'cool' techie stuff, but nevertheless, just another mode of argumentation. ( 

O'Sullivan, David) 

" Jules Henri Poincare said it best: "Science is built with facts just as a house is built with 
bricks, but a collection of facts cannot be called science any more than a pile of bricks can be 

called a house. " Theories don't accumulate from observations, instead theories may help us to 

integrate observations (Johnson, Paul) 

"A theory embodies our best knowledge regarding the nature and workings 

of a particular class of phenomena. A theory-building tool would serve a 

theory, but not contain it (Markovsky, Barry ) 
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As can be seen from this discussion, the use of simulation to create theory has a good 

number of advocates, although it is hotly contested whether the simulation can be a theory or 

just a vehicle to test the theory. This is particularly relevant to this research since the idea is 

to create theory about simulation and how to use it in the particular context of e-business 

process analysis. Care had to be taken to conduct the simulation in a rigorous, 

methodological manner (mainly following the approach proposed by Robinson (Robinson 

1994), but at the same time analysing the non-modelling aspects of the simulation and its 

perceived use. 

3.3.5.2 Simulation Software selection 

Different simulation software tools were evaluated to be used in this research. The 

evaluation was carried out by modelling e-business case studies and was done in parallel to 

the pilot case study (See Chapter 4) and the initial cases (Chapter 5). A summary describing 

the capabilities of the different software against an established set of criteria is presented in 

Table 3.5. 

Feature Simu18 Simprocess Witness Arena Process charter 
Operational 
Machines (or activities) � � � � � 

People (resources) � � � 

Conveyors � � 

Buffers (queue) � � � � � 

Parts (entities) � � � � � 

Vehicles � � 

Paths � � 

Control 
Schedules � � 

Shifts � 

Batch � � � � � 

Split � � � � 

Merge (join) with any 
Merge (Match) with original partner � 

Prioritisation � � 

Load / Unload 

Financial 
Operation Cost (activity) � � 

Product cost � � 

Departmental cost � � � 

Table 3.5 Simulation software evaluation 
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Simul8 was selected to develop the components in this research. This tool has the technical 

capabilities for the creation of components and is easy to use and relatively inexpensive. This 

is of paramount importance since one of the driving forces behind this research is to 

increment the use of simulation in organisational contexts. Choosing a software that is more 

powerful, but difficult to learn or too expensive would hinder the applicability of the 

constructs developed during this research. Simul8 was seen as a good compromise between 

capability, ease of use and accessibility. 

3.3.5.3 Semi-structured interviews 

Semi-structured interviews were used to define the project in each of the case studies and to 

gain a better understanding of the c-business application and context of the project. Semi- 

structured interviews were selected because of their flexibility to explore issues that may 

emerge when doing the interview, but at the same time keeping focus on the issue under 

study. An example of the interview preparation notes is presented in Appendix 1. 

3.3.5.4 Non participant observation 

This was used as a technique to map processes, studying the activities carried out in the case 

study companies. The idea was "to remain detached from the situation, but record what is 

happening" (White 2000). This usually involved observing the process and documenting 

flows, routings, timings and resource utilisation. 

3.3.5.5 Questionnaires 

Questionnaires were used for the pre-test and post-test phases of the quasi-experiments. The 

structured nature of questionnaires allowed comparing before and after perceptions. 
Detailed questionnaire creation and analysis is presented in Chapter 6 

3.3.6 Alternative approaches 
The research approach has been established, describing the research methods and techniques 

used during this research. However, the final selection was not evident from the beginning 

and a number of alternative approaches had to be considered. A brief description of these 

alternatives is given next, as well as the researcher thoughts on how the research would have 

been affected if following such alternatives. 
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3.3.6.1 Action research 

Action research (AR) has been defined as a type of research that is conducted in-situ and that 

"achieves improvement in the company while building up the body of 
knowledge. "(Coughland and Coghland 2002) 

The same authors identify some of the characteristics of action research: 

" Research in action, rather than research about action 
" Participative (Teamwork) 
" Concurrent with action 
"A sequence of events and an approach to problem solving 
and propose a process to follow when implementing action research projects. 

Context and purpose Hard, soft, 
behaviour 

Data Gathering 

Reflection on intende 
and unintended action Evaluation Data Feedback 

1 Monitoring 
1 

Client Implementation Data Analysis Collaborative 

Action Planning 

Joint 

Figure 3.4. Action Research Cycle (Source Coughland and Coghland 2002) 

According to Coughland and Coghland (2002), in order to avoid confusion between action 

research and consultancy, certain criteria must be followed in the development of action 

research: 

" Must be explicit in the relationships between the researchers and the members of the 

organisation 

" Must have reflective concern for practical outcomes 

" It is important to ensure Conceptual-theoretical integrity and methodology 

appropriateness 

" The work must have significance, not only for the organisation, but also for knowledge 

in the academic sense. 
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" Finally, sustainable change must be achieved as a result of AR. This implies significance 

of the work and the fact that the changes introduced will continue in place after the 

researcher leaves the organisation and that the changes made were not only a temporary 

experiment or fad in the view of the internal stakeholders. This point rises some concern 

about the mechanism to ensure or monitor that the changes are still in place once the 

researcher has finished its participation. 

If action research had been included in the project, then the testing of the constructs derived 

from initial case studies and literature case studies would have been done via action research 

projects in companies. This approach was not feasible because the access gained to 

companies did not allow getting involved to such degree as to be part of the implementation 

team of the e-business strategies. 

On the plus side, the path of initial case studies to build the research constructs from 

previous theory and empiric evidence and then test them using action research would have 

helped the general validity of the project, since action research "demands an explicit concern 

with theory that is formed from the conceptualisation of the particular experience... " 

(Coughland and Coghland 2002) 

3.3.6.2 Surveys 

A survey for this project would have been particularly difficult to implement and most likely 

it would have failed to answer the research questions. The reason for this is that the type of 

companies that were required for this project have special characteristics (implementing e- 

business in the order fulfilment process, using simulation as analysis tool) and it is unlikely 

that a relevant sample would have been obtained. If a survey had been carried out, it would 

have been on a narrow issue and the results would have been without much depth. At one 

point in the research process the idea of a survey was considered to analyse real changes in 

the structure of e-business process. However, a lack of a defined potential universe from 

where to sample, the means of getting the survey to companies and the feeling that the 

outcome of the survey would not bring great new insights discouraged us. 
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3.3.6.3 Experiments 

Experiments were not used since there is difficulty in having control over all variables in an 
industrial setting. Quasi-experiments were used in an academic setting (see above). 

3.4 Research quality evaluation criteria. 
As described in Figure 3.1, after the research design step, the definition of the research 

quality evaluation criteria must be done. In this thesis, a number of research quality 

evaluation criteria as proposed by Martinez (2003) and Martinez and Albores (2003b) will be 

used to evaluate the rigour of the research process and outcomes. Table 3.6 shows a 

summary of these criteria. 

Generic Criteria of Evaluation 'controls' TB TT TB- 
TT 

I The construct allows predictions or increases understanding 
2 The construct is non-trivial � * � 
3 The construct includes attributes, variables, etc. � * � 
4 The construct does not include undefined variables � * � 
5 Provides research boundary 'scope of the construct' � * � 

Rigour of the research methodology process 
a) shows proof of logical research methodology design 

6 
b) Internal validity 
c) Construct validity 
d) External validity 
e) Reliability 
Contains evidence to support the construct 

7 a) Select relevant samples and cases * b) Provide sufficient evidence to substantiate the conclusions 
that have been drawn 

8 Contribution to knowledge V 
Contribution to practice 

9 a) practical relevance 
b) practical functionality 

10 
Linking existing theory with theoretical novelty of the * If 
construct 

11 Application of the construct on other environments * * If 
'113: Theory BuLIdºng 

TT: Theory Testing 

Table 3.6 Generic Research Quality Evaluation Criteria 

These are explained below(Source: Martinez and Albores 2003b): 

The construct increases understanding. The proposed constructs should enhance the 

comprehension of existing knowledge and/or new knowledge by providing a logic and 

reasonable explanation of the phenomena. 
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The construct allows predictions. Based on certain inputs, constructs should estimate or 

model different scenarios. 
The construct is non-trivial. It refers that constructs should avoid the obviousness and 
bareness, although, this does not imply that constructs should be complicated. 

The construct does not include undefined variables. Technically, every variable used should 

explicitly state how and why it is related or unrelated to each and every variable in the model 
(Wacker 1998). 

Provides research boundary (scope of the construct) Constructs should define their area of 

applicability by establishing the environment where it can make accurate predictions. The 

use of different surveys, interviews and/or case studies on different fields are some methods 

suggested to defined the boundary of the research (Dubin 1969). 

Rigour of the research methodology process. The rigour of the research process is 

demonstrated through: 

a) A proof of logical research methodology design. It is concerned with the evidences that 

show a mastery research process, research protocol and a rational selection of research 

methods tools and techniques, which address the research issue (Sekaran 1992). Croom 

(2002) proposes a set of questions to explore the research processes (Croom 2002). 

b) Internal validity is the extent to which the researcher can establish a causal relationship; 

whereby certain conditions are shown to lead to other conditions as distinguished from 

spurious relationships ((Easterby-Smith et al. 1999; Yin 1994). Some techniques used to 

ensure the internal validity are: methodological triangulation (action research, case 

study, interviews, surveys, etc. ), use of different respondents, cross case analysis, pattern 

matching logic, explanation building and use a systematic process in building theory 

(decomposing, composing and interpreting) amongst others. 

c) Construct validity is concerned with the idea that the research design fully addresses the 

research questions and the research objectives (Thomas and Tymon 1982; White 2000). 

The common techniques used to ensure construct validity are: triangulation of data, use 

of different source of evidence, selection of multiple data collection techniques, use of 

codes, standard data reduction tools and enfolding theory. 

d) External validity establishes the domain to which a study's findings can be generalised 
(Yin 1994): 33). Replication logic and use of multiple case studies are two techniques 

widely used to support external validity. 

e) Reliability is the extent to which a study's operations can be repeated. It is also about 

consistency of research, and whether another researcher could use the same research 
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design and obtain similar findings. The common techniques used to build reliability on 

the research are: implementation of controls to evaluate the research outcomes, use of 

case study protocol, pilot cases and use of standard databases (White 2000): 25; (Kekäle 

2001; Easterby-Smith et al. 1999): 41; (Thomas and Tymon 1982; Sekaran 1992). 

Contains evidence to support the construct. It is concerned with the support data or proof 
that fully address the research issue ̀construct' (Kekäle 2001). This is achieved by: 

a) Selecting relevant samples and cases. It is concerned with the quality of samples. 
Examples should rigorously test the features of the propose construct. 

In building theory from case studies, Voss et al (2002) recommend case selection by 

using replication logic. i. e. cases should be selected to predict similar results (literal 

replication) or produce contrary results but predictable reasons (theoretical replication). 

In theory testing, Miles and Huberman (Miles and Huberman 1994) suggest sample 

selection by finding typical samples, or negative/disconfirming samples or polar samples 

that contrast the characteristics being studied. 

b) Providing sufficient evidence to substantiate the conclusions. This is concerned with the 

quantity of evidence to support the construct. 

This issue not just addresses the sample size e. g. number of case studies, survey samples, 

etc. but also, the different methods used to test a construct within the same sample e. g. 
interviews, documentation, observation, etc. (Forza 2002; Stake 1995) 

Contributions to knowledge. The final objective in doing research is to make a contribution 

either to theory or practice or both by proposing something new, not known before the 

research. The contribution to knowledge underpins the development of constructs to simplify 

the understanding of the world and /or make predictions. 

Contribution to practice. The aim is to provide: 

a) Practical relevance. i. e. provide important information. 

b) Practical functionality. i. e. provide something useful such as a tool, framework or 

process to simplify the understanding, or efficiently arrive to conclusions by saving time, 

making it easier, etc. 
Linking existing theory with the theoretical novelty of the construct. It strengthens the 

research findings by supporting them with previous theories, and potentially it increases the 

importance of the research (Kasanen, 1993; Voss et. al, 2002). 
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Application of the construct in other environments. As Albert Einstein (1879-1955) estates ̀ a 

theory is more impressive the greater the simplicity of its premises is and the more extended 
is its area of applicability'. It is concerned with the generalisability of the research and the 

applicability of the research in others fields (Forza, 2002; Wacker, 1998; Thomas and 

Tymon, 1982). 

These criteria will be used to evaluate the research (Chapter7) and to guide the research 
during the conduction of the project. 
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3.5 Summary and conclusions 
Research methodology is of growing importance, especially in OM, where traditionally a 

quantitative approach has been prevalent. The different research paradigms were explored 

and a research design selected for this research. A mainly qualitative approach was selected 

as the most appropriate for the type of research that this project is undertaking. Case studies 

were selected as research methods, using interviews, questionnaires and non-participant 

observation as data collecting tools. Simulation will be at the heart of the project, hence, 

some degree of quantitative techniques and tools will be used. However, it must be 

emphasised that the findings of this project will be restricted by the limitations imposed by 

qualitative projects. 

A summary of the methodological choices of this research is outlined below. 

Philosophical choice Phenomenological 
Research strategy Oualitativc 
Research methods Case Study, 

uasi-ex eriments 
Techniques Simulation 

Interviews (semi-structured 
and un-structured) 
Observation 

Tools Simu18 
Witness 
Sim process 

Table 3.7 Summary of methodological choices 

The next chapter will describe the pilot case study, the protocol used and the findings that 

allowed the modification of research questions and initial development of the constructs. 
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Chapter 4 Pilot Case Study (RQ1) 

4.1 Introduction 

Once the research questions and research need (Chapter 2) and the methodology to tackle the 

research (Chapter 3) have been established, a pilot case study was carried out in order to test 

the feasibility of the research and to inform and enrich the formulation of the research issues. 

The pilot case study is used here as an exploratory tool to further develop the research ideas 

and questions. Here a pilot case will be used to test the feasibility of the research and to 

explore what other issues may be missing from the other research questions. Voss et al 

(2002) state "many doctoral thesis begin with one or more case studies in order to generate a 

list of research questions that are worth pursuing further". Additionally, Tellis (1997) 

states: "Pilot projects are very useful in determining the final protocols that will be used ". 

Accordingly, another use of the pilot in this research is to test the case study protocol to be 

used throughout this research. 

Another use of pilot case studies is to test the feasibility and give early indication of the 

worthiness of pursuing a project (in my project that translates as answering RQ1). For 

example, Baines and Kay (2002) state of a pilot case carried during their investigation: 

"the objective of this evaluation has been to establish whether the methodology 'can 

work', rather than critique 'how well' it works in a variety of applications. If the 

approach is valid, then future work can build from this and explore the limitations of 

the approach, whereas a failure to produce a single working model suggests that the 

whole modelling methodology is invalid. On this basis, evaluation has been based on 

a single and relatively straightforward experiment. " (Baines and Kay 2002) 

As can be seen, the Popperian approach followed by these authors is a reflection of the 

usefulness of a pilot case study to test feasibility and to inform and enrich future research. 
One of the main reasons to carry out the case study is to test the applicability of the research 
idea in an industrial context. In Chapters 2 and 3, the idea of using simulation for the 

analysis of e-business process was considered theoretically feasible and the potential benefits 

were identified at that stage. However, the challenges of implementing this concept in a real 

application were not known and hence a pilot case was considered as the next step in the 

research. 
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The case study was selected to be a small company in which the change brought about by e- 
business was focused on a specific application. This selection has a threefold objective: 

" To study a process that is focused on the order fulfilment process and in which the e- 
business application was focused on a specific activity of the process. 

" To have a small number of outside variables that can affect the results of the pilot 
case and hence have more control over the results of the initial testing. 

" To test different modelling tools and analyse their capabilities for the simulation of e- 
business processes. 

The chapter will start with a description of the company and the context of the study, 
followed by the model building and experimentation phases and concluding with lessons 

learnt and new research insights gained from the pilot. 

4.2 Company Description 

WaterCo. was established in 1979 and has become the largest employer in Blackford, 

Perthshire with some 150 staff. 

Since 1979, the company has invested over £30 million establishing one of the most modem 

natural mineral water plants in Europe. Today, WaterCo is the UK's most popular bottled 

water (Target Group Index) and is exported to over 50 countries around the world. 

WatcrCo has been involved in many projects and training courses in order to improve the 

performance of the whole organisation and improve the way the people work. Management 

skills development courses, problem solving courses, teamworking activities, etc, have 

resulted in more suitable ways of working for the current business needs. In many cases, 
these projects have involved the input and guidance of a third party such as a consultancy or 

university. 

4.2.1 Water source 

The Ochil Hills in Perthshire, Scotland is an area of outstanding natural beauty. Layers of red 

sandstone and basalt formed these ancient hills around 400 million years ago and they 

provide a natural filter for the fresh rainwater, which falls on the undulating heather clad 

slopes. This same rainwater takes up to 30 years to reach the point deep below the hills from 
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which WaterCo derives its source. On its way, the water passes through thousands of 
intricate fissures, absorbing wholesome minerals on its way. 

In the light of current awareness of polluted water supplies caused by increasing use of 

chemical pesticides and fertilisers, WaterCo. has made sure it has total control of its 

catchment's area, -an extensive 3,000 acre area surrounding it's boreholes in the Ochil Hills- 

where no farming, agricultural spraying or building is permitted to prevent pesticides, 

fertilisers and animals from polluting the rainfall as it approaches the mineral-rich rock 

strata. 

The WaterCo. plant is one of the most modem of its kind in Europe. Total quality procedures 

ensure a premium product, which has been recognised with Gold, and Silver awards by the 

British Bottlers Institute. 

4.2.2 Bottled Water Market 

The UK bottled water market is one of the fastest-growing sectors in the soft drinks category 

with retail sales worth more than £500 million per year. Since 1991, the market has grown 

by 9% per year. 

There are many factors that have influenced the growth of the bottled water sector, including 

rising concern about the quality and taste of tap water, an increase in health-consciousness 

and foreign travel where bottled water consumption is considerably higher. Despite intense 

competition, the 1998 Target Group Index figures from the British Market Research Bureau 

show that WaterCo retained the No 1 slot in the UK for the fifth consecutive year as the 

UK's favourite bottled water. 

Recently, WaterCo has won a contract for the manufacture of an own label for one of the 
biggest retail stores in the UK, a move that will double the production in the plant. This will 
lead to an increase in warehouse capacity, currently under development, and an increase in 

production capacity in order to cope with this demand. 
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4.3 Process Description 

Having worked in the past with simulation tools, WaterCo saw the opportunity of applying 

this tool to the analysis of changes in the way the business processes of the company would 

be affected by the introduction of electronic handling of the orders sent to the company's 

transport suppliers (Hauliers). 

The process of interest for the company is the order handling process, specifically the 

Purchase Order for Haulier (POH) process. The process is illustrated in Figure 4.1 
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Figure 4.1. Order processing in WaterCo. 

71 



The process starts when an order arrives. There are three types of order arrivals. Telephone, 

Fax and EDI. Telephone and Fax orders are captured in a card and then logged into the ERP 

system (MAX). EDI orders are automatically logged into the system when they are "pulled" 

from the EDI server. A sales agent then calls the customer to book a delivery time and adds 

this information to the order file. Approximately each two hours, the batch allocation 

process is run. This automated process assigns a specific pallet/group of pallets to the order, 

accordingly to the required quantity and type of product. The process allocates about 20 

orders (hence the "batch" name ) each time it is run and takes about 20 minutes to complete. 

After the batch allocation process, the order is split. One part goes to the finance department 

and waits until conditions are fulfilled to send out the invoice. Meanwhile, the warehouse 
department receives its copy of the order, runs a batch process similar to that described 

above, but with the purpose of finding which orders are "cleared" for delivery (i. e. they don't 

have a credit problem or similar issues). Once having the valid orders, the warehouse 
department assigns the haulier that will handle the shipment (based on heuristic rules) and 

generate a Purchase Order for Haulier (POH) in the system. The POH is then printed and 

accumulated on a tray. Once a number of orders (20-25) are stored in the tray, they are faxed 

to the Hauliers, so they can make the necessary planning for the trucks to come on the 

specified day, pick the orders and deliver to the customer. Once the orders have been 

delivered, the haulier sends a delivery note to WaterCo.. This delivery note is tied to the 

customer order and the invoice is sent out to the customer. 

4.4 Project Scope 

The scope of the project is the exploration of changes in the way the POlls are sent to the 

haulier. Alternatives such as e-mail, e-fax and XML are to be explored as technical solutions 
for this end. From the point of view of the process modelling, these transactions are going to 

be considered equivalent in the model. The transactions to be simplified are circled in Figure 

4.1 

In addition, an exploration of the future possibilities of reception of orders via electronic 

means (XML) is going to be carried out. Different scenarios (order mixtures) arc going to be 

analysed, as well as the mixed effect of e-order taking and c-POH. 
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4.5 Model building 

In order to build the model, the physical process was followed, interviews with the persons 

in charge of each part of the process were carried out and historical data was retrieved from 

the ERP system. 

4.5.1 Assumptions 

Some assumptions had to be considered at the time of modelling. These assumptions are 

intended to simplify the modelling task although without diminishing the validity of the 

model. The main assumptions are: 

" Equally distributed arrival of orders across the week. 

" 20 % of current orders are made by EDI means. 

" Book-in takes place after receiving the order and cannot be processed if it is not hooked. 

"3 persons receiving orders 

"1 person generating POHs 

" Batch allocation process is run each 2 hours. 

4.5.2 Model Building 

The model was built in sequential stages. Three main sub-processes were identified within 

the whole process and using the capabilities of the selected simulation software (Simprocess 

V2.2.2), were created as high-level processes within which specific activities would be 

detailed. The high-level representation of these sub-processes can be seen in Figure 4.2. 

Generate invoice 

Generates Receive orders Splitt 
fl0m24 

Send Invoice 

PO for Haulier 

Figure 4.2. High-level Model of the Business Process 
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The Receive order sub-process deals with the reception of orders, distinguishing between 

EDI and Fax/Telephone, taking into consideration the three persons involved in this part of 

the process, the capture of orders into the system and the allocation of specific pallets to the 

order. See Figure 4.3 

EDI 

Branchll Telephone and Fax 
ookindelivery 

RunB ch ocation 
f. r 

j 
CardCapture ERPCapture 

II' Aj 
"o 01 

wait for allocation Unbatch35 

f? ' 

C Ltd Capture, ERP Capture I 
Book in deliveryl 

CardC 
p 

IERP Caphre11 
Book in deliveryl1 

Figure 4.3 Receive Order Sub-process 

From the point of view of simulation, there are two elements to be described in this part of 

the process. First, the use of the Branch element -1 to route the types of orders (Branch II) 

and to distribute the workload between the three sales people (second Branch). Second, the 

use of batch *1 and unbatch ' elements to simulate (together with the Run Batch allocation 

activity) the time that orders have to wait in the system before being allocated. 

The Generate Invoice process is only support and includes the print report and Generate 

invoice process. 

The Purchase Order for Haulier process is the one of interest in this case. Figure 4.4 shows 

the simulation model of this part of the process. 
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Jnl\tch36 Deliver orders 

Figure 4.4. Purchase order for Haulier process 

4.6 Experimentation 

As mentioned before, the focus of the project is to study the effect of the implementation of 

e-business tools in the way the Purchase Order for Haulier (POH) process runs. A lateral 

objective is to study the effects of introducing electronic orders for a wider spectrum of 

customers. A Summary of the experiments is described below: 

Purchase order for haulier 

Comparison between traditional (Fax) and electronic processing (Auto Fax, email, XML). 

Receive Order 

Comparison between different ratios electronic vs. traditional order 

20% E-orders, 80% traditional orders (Current) 

50% E-orders, 50% traditional orders 

80% E-orders, 20% traditional orders 

The selected metrics for the comparison of results are: 

" Processing time 

" Throughput 

" Staff utilisation 

" Cost (informative purpose only) 

4.6.1 POH experimentation 

4.6. I. 1 Changes to the process 
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The main changes to be considered in the simulation model are: 

" Manual generation of POH is changed to automated generation of' POL 1 (as part of' the 

POH batch process), thus removing the generation and printing stages (Contrast Figure 4.4 

and Figure 4.5) 

" Faxing of the POH is changed to electronic means (i. e. e-mail, e-tax, XML). This is 

represented by the "run batch send" activity, which will happen automatically every 30 

minutes. (Sec Figure 4.5) 

In addition to the general assumptions, the following specific assumptions are considered: 

" Current demand pattern is sustained (--- 2080 orders/month) 

" Manual input is still required to select the specific Haulier 

The modified model is illustrated in Figure 4.5 (Note: Contrast with Figure 4.4) 

ýt 

POH Batchprocess Unbatch43 Assign 

Figure 4.5. Modified POII for Haulier. 

4.6.2 Experiment Results 

After modifying the model, the experiment was conducted. The results presented in Table 

4.1 are the average of 10 iterations of 1 month, considering 8 hours shifts. 
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Current e- process 
Units processed 2052 2052 

Units remaining in 
system 

54.4 36 

Processing time /unit 272 min 215 min 
Staff Utilisation (POH) 77.66% 17.90% 

Cost/unit £ 4.58 £ 2.9 
Cost/month £ 8755 £ 5650 

Table 4.1 Experimentation of purchasing process (POH) 

4.6.3 Discussion of POH process 
By simply utilising the existent capabilities in the ERP system (e-ordering), the simulation 

show that staff utilisation in this part of the process can be reduce from 77% to less than 20% 

As a result of less human intervention, cost of processing can be reduced by 35% 

Order residence time is reduced by using an electronic POH process 
A larger number of orders can be processed (quantity to be defined by further experiments) 

4.7 Receive order experimentation 
The second objective of the project was to explore the effect that the increase in e-orders 

could have on staff utilisation, processing time and cost of order processing. This increase 

would be achieved by using the Internet (XML or other technological option) in addition to 

current EDI orders that are received. 

As indicated before, the experimental levels to be considered are: 

Comparison between different ratios electronic vs. traditional order 

" 20% E-orders, 80% traditional orders (Current) 

0 50% E-orders, 50% traditional orders 

" 80% E-orders, 20% traditional orders 

The number of orders received in a month will be maintained constant in order to have a 

comparison base. The ratio of orders will be changed in the order generation module. For 

this part of the experiment, no change will be considered in the POH process. 

The results are described in Table 4.2. 
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Current 20 e- 
80% T 

50e-50T 80e-20T 

Units processed 2052 2064 2064 
Units remaining in 

system 
54 54 61 

Processing time /unit 286 min 296 308 
Staff Utilisation (POH) 77.66% 78.46% 77.57% 

Cost/unit £ 4.58 £3.815 £ 3.352 
Cost/month £ 8755 7863.75 £ 6934.62 

Table 4.2 Experimentation results for receiving e-orders 

4.8 Conclusions from simulation 

By simply utilising the existent capabilities in the ERP system (e-ordering), we can reduce 

staff utilisation in this part of the process from 77% to less than 20% 

As a result of less human intervention, cost of processing can be reduced by 35% 

Order residence time is reduced by using an electronic POki process 

A larger number of orders can be processed. 

4.9 Lessons learnt from the Case Study 

The pilot case study showed the feasibility of the use of simulation to analyse e-business 

processes. The analysis carried out using simulation gave a better understanding of the 

issues that were likely to emerge when implementing e-business in the company. 

Additionally, it can be considered that the pilot case was successful in that it allowed the 

enhancement of the research questions, illustrated some deficiencies in the initial 

assumptions about the work and created new lines of enquiry. 

The findings from the case study, some of which challenged the initial assumptions arc: 

" Change in behaviour, rather than change in structure. The c-business literature 

suggested that one of the initial steps of an c-business implementation is the re-design of 
business processes (e. g. Chaffey 2002). However, from the case study it was noticed 

that the main change was not on the structure of the business processes, but rather in 

their behaviour (dynamics) (see section 4.6.1). This point was further investigated in the 

literature and evidence was found that reinforce this finding (Quayle and Christiansen 

2002; Barnes et al. 2002; Bosilj Vuksic et al. 2001). There seems to be a drive to use e- 
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business, paraphrasing Hammer (1990), to automate rather than obliterate. This issue 

remarks the need for a tool to better understand the change that e-business will have. If 

the changes are merely in the behaviour, rather than in the structure, the need for tools to 

evaluate the changes in the dynamics of the processes is highlighted. From this finding I 

can be encouraged for the usefulness of simulation to carry out his evaluation. 

" Degree of detail of e-business analysis. At this point in time the question of level of 

detail (degree of granularity) of the future analyses comes to light. If re-usable 

components will be developed to facilitate the model-building process, at what level 

should this components be developed. The initial idea at the start of the research project 

was to develop generic processes at high level, similar to those proposed by Childe et al 

(1996). Chapter 5 deals with the analysis of the level of detail and the comparison of 

different established business process models and process models from industry. 

" The need to assign cycle times to electronic transactions. How much does an electronic 

transaction last? Is this value something that is worth considering when modelling?. The 

view from this researcher is that what is important here is not what is there (i. e. how long 

it takes a task to complete, assuming we are talking about seconds or milliseconds), but 

how much of the time "is not there". This time savings is what will affect the dynamics 

of the process. This is an issue that requires further investigation and will be studied in 

Chapter 5. 

4.10 Conclusion of the Chapter 

As a result of the pilot case, it was concluded that the project is feasible and that some other 

issues were needed to be taken into account when developing the research further. Some of 

the initial assumptions were challenged, such as the level of detail in which to analyse e- 

business implementations and the fact that e-business is being used as a means of 

automation, rather than of re-design of business processes. 

In carrying out this work, it was noted that the generic business process models are only 

sufficient to show what is done, but not the interactions between activities in complex 

processes. The development of such process models to a greater degree of detail would 

assist in operationalising the process models (showing the how, as well as the what; the how 

being more detail on the what). This in turn would enable simulation models to be used to 

help businesses more easily assess the fundamental impact of e-business transformation by 

taking into account the complexity, dynamic nature and interrelations between actitivies 
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The results from the case study were encouraging and justified continuing with the research. 
Chapter 5 will deal with some of the issues raised during the pilot case and will describe the 
development of the main constructs of this research: the re-usable simulation components for 

e-business analysis. 
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Chapter 5 Development of Constructs 

5.1 Introduction 

Chapter 4 confirmed the suitability of using simulation for the analysis of e-business. At the 

same time, a number of new research issues emerged from the analysis of the pilot case 

study. This chapter will deal with the analysis of some of the research issues emerged during 

the pilot, such as the level of detail for the generalisability of e-business process patterns. 

Further into the research, it was found that the answer to the original second research 

question is not what was expected. The researcher concurs with Childe et al (1996) in 

believing that process models can be very useful in facilitating an understanding of "how" an 

organisation operates and "what" activities it undertakes. However process modelling can be 

a resource intensive activity. Childe et al (1996) suggest that this problem may be overcome 

by utilising a set of generic models which may be adapted to fit specific company scenarios. 

At the outset it was expected to be able to develop high-level e-business generic models of 
business processes, in the same way that earlier work by Childe et al (1996) produced 
IDEFO models of traditional operate processes. I had hoped that by developing such generic 

process models I would simplify the analysis process for companies - giving them a starting 

point for analysing the effects on their business processes. 

However the results of my case study work suggests static process-mapping techniques 

uncover very little difference at this level. This finding is supported by Bosilj-Vuksic et at 

(2001), who say "... from the process map itself not many differences can be observed 

between the AS-IS and TO-BE model. However, the most important differences arc evident 

in the way of performing these activities". It is then proposed that in practice, the changes 

brought about by e-business on business processes are not in the structure, but rather in the 

dynamics of the process. This assertion conflicts with what is generally accepted as one of 

the steps of e-business implementation, namely re-engineer the process. It also suggests that 

what companies are using c-business for is to automate, rather than to completely rethink 

how they conduct their business. Other research into the degree of change on business 

processes when implementing e-business supports this result (eg. Quayle and Christiansen 

2002; Scottish Enterprise 2002). 
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In order to explore this issue further, the chapter will deal with an evaluation of current 
business process models by comparing and contrasting real business processes with the 

proposed generic processes in order to see if they can represent e-business activities and can 

capture the difference between traditional and e-enabled processes. The chapter then 

continues with the identification of a number of generic e-business activities from primary 

and secondary case studies. Next, the procedure for operationalisation in simulation 

software is described and an initial testing on two manufacturing environments (Make to 

Order and Make to Stock) is presented. Finally, conclusions are drawn on the development 

process of the components and the scene is set for the testing of the components. 

5.2 Generic business process models 
Different business process models exist at the moment. These process models have the aim 

of serving as guide of what a process should look like according to its final purpose. For 

example, the order fulfilment process will include activities such as plan order fulfilment, 

obtain required items, manufacture product, deliver product, etc. An initial exploration was 

carried out in order to assess the suitability of these generic process models for the static 

modelling of business process and to test their ability to differentiate traditional and e- 

enabled activities. 

From the analysis (reported below in Table 5.1 and Table 5.2) it emerged that the 

interrelations inherent to business process modelling and the different levels at which they 

can be analysed make business process modelling a complex task. As previously mentioned, 

there is a number of generic business process models existent in the literature. Childe et al 
(1994) proposed a set of generic business processes for manufacturing companies. They 

divide the processes in three types: Manage, Operate and Support processes. The focus of 

this work is in the analysis of the Operate Processes as proposed by Childe et al, especially 

the order fulfilment process. 

Another set of standard processes is the Supply Chain Operations Reference (SCOR) Model 

proposed by the Supply Chain Council (Supply Chain Council 2002). The model describes 

standard supply chain activities (Plan, Source, Make, Deliver and Return), and related 

performance measures and best practices. 
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There has also been work to develop generic business processes for e-business. Examples of 

this are the MIT e-Business repository in the US (Malone et al. 1999) and the work being 

conducted by the Barnes et al at the Open University in the UK (Barnes et al. 2001). The 

idea behind the e-business repository (Malone et al. 1999; MIT 2000) is that in order to build 

an e-business application, one selects from an arrangement of predetermined business 

process models for each activity and then fits them together to form the business model. The 

repository was built drawing from experience gained in work like that of Childe et al (Childe 

et al. 1994) and the International Benchmarking Clearinghouse model (American 

Productivity & Quality Center 1992). 

These process models offer an opportunity to act as templates for simulation analysis of e- 

business process change. It is my proposition that by creating re-usable simulation templates 

(also known as components in some simulation packages) the analysis of e-business 

processes can be facilitated and made faster. The generic business process models can act as 

a starting point to create these templates. 

With work underway on building e-business process models (Barnes et al. 2001; MIT 2000) 

there is a lack of e-process templates to assist in the development of simulation models. 

Whilst the inherent properties of discrete event simulation techniques have the potential to 

assist in helping to model the impact of e-business processes, issues of how to represent the 

business systems and their dynamic influence on the whole process remain. The next section 

will look in more detail at the case studies and discuss the value found from using both static 

and dynamic modelling techniques. 

5.2.1 Method of Analysis 

An exploration was carried out in order to assess the suitability of the generic process models 

mentioned above for the static modelling of business process and to test their ability to 
differentiate traditional and e-enabled activities. The results of this analysis will tell whether 

existing models are applicable to e-business and will help to identify areas where they are 

not able to represent the specificities of c-business process, hence giving guidelines about 
how to fill these gaps. 
It was decided to adopt a case based approach in order to ask a" `how' question about a 

contemporary set of events over which the investigator has little or no control" (Yin 1994). 

The analysis of c-business processes fulfils these characteristics: it is a contemporary issue, 

we need to understand how to use modelling tools to better understand c-business and there 
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is little degree of control from the researcher over the implementation of a particular e- 
business application in an industrial setting. 
In order to make the comparison, process maps (gathered from case studies carried out by 

the researchers and from the literature) were mapped against the generic business process 

models under consideration (Childe et al. 1994; MIT 2000; Supply Chain Council 2002). 

Five cases were analysed. The cases were selected to provide theoretical replication (Yin 

1994; Eisenhardt 1989): companies that are implementing or have implemented e-business, 

preferably in the order fulfilment process were selected as cases. Two of these case studies 

are presented in this section to illustrate the method of analysis, the rest are presented in 

Appendix 2. 

In order to avoid bias in the existing process maps, the cases were selected to include process 

maps created by the authors in their case studies, process maps created by companies 

supported by the authors, and finally, process maps reported in the literature (Bosilj Vuksic 

et al. 2001; Ngai et al. 2003). 

Once the process maps were selected, they were tabulated. For each activity in the real 

process, an equivalent was sought from the generic business process models and mapped 

against the corresponding activity in the case. For this task, a keyword search was carried 

out, using the activity name and synonyms for the activity. Additionally, a hierarchical 

analysis was carried out in the business process models, in which potential branches for an 

activity were identified and all the sub-activities and their description for these branches 

were analysed. 

5.2.2 Results from case studies 

The first case is that of the pilot case presented in Chapter 4 (make-to-stock company). The 

predicted increase in the number of transactions has led to the company to search areas of 

improvement in their order processing time. The researcher used process mapping and 

simulation to help the company foresee the effect of moving to an e-procurement model. 

Figure 5.1 presents the process map for this case. 
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EDI 

Order Tel; 
Capture Capture Pione client Run Batch 

Arrives Fax 
Order in order in lo book-in Allocation Print Report 

Card ERP system delivery time process 

Fax POH ; a; Print POH 

Pick Send 

OrOer er 
Delivery 

note 

Generate Assign POH Batch Generate 
POH j Haulier process invoice 

Send 
invoice 

Figure 5.1 Water Co. process map. 

Table 5.1 shows the process activities and the corresponding mapping to each one of the 

generic process models. The activities in italics arc those new activities that deal , %ith the c- 

business alternatives. (Note: although the MIT activities are not numbered, the source of the 

activity has been included when available. ) 

Co. Activity Childe et al (Childe et al. SCOR Nil I (Nil 1 2000) 
1996)(Smart et al. 1999) 

Order Arrives A 141 Manage customer M1.1 Receive. Inter & Obtain order 
query Validate Order 

Order Arrive, Receive order by (el 
Fax'Tel 

Order. 4rrires EDI obtain order via El)I 
Capture order in Card 
Capture order in ERP Enter orders into production 
system and dclivcrv P('h 4.2.2: 
Phone client to book- A343 Schedule delivery D1.3 Determine Delivery Schedule delivery activities 
in delivery time Date & 

Run batch allocation A3 1223 Compare Reserve Inventory Enter order. commit reNourees 
process requirements to existing and launch program , SCOR 

schedule + A31234 Add 1)3.3 
order to main schedule 

POH hatch allocation A 143 Accept / release order Mx. ( Release product to Release product to deliver 

process (check which deliver , SCOR Mx. t 
orders are ready to be 

dispatched) 
Assign haulier A3221 Identify sources for D1.7 Select Carriers & Select supplier 

each item Rate Shipments 

Generate Poll in A32222 Generate PO for Procurement Signal Place order using own 
system bought-out items (Supplier) '. ) (output of application 

S2. Il 
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Print PUH 
Fax POX Place order by fax 

Send POH 
eleetronical1 

Place order over internet 

Haulier picks order Dispatch customer order Dl. 1) Pick Product Pick product ; S('OR 1)Ia. ') 
Haulier sends delivery 
note 

D1.11 Receive & Verify 
Product at Customer Site 

Document deliver} ol'service 

Generate invoice Dx. 13 Invoice and receive 
payment 

Invoice and receive payment 
: SCOR Dr. 13; Invoice the 
customer ; PC'F 7.1.2 

Send invoice 

Table 5.1. WaterCo. process mapped against reference frame%%orks 

As can be seen from 

Table 5.1, the activities in the company can be mapped with more detail to the c-business 

process repository (MIT 2000) generic model. 

The second case study refers to a label printer that operates a make-to-order policy. Again, 

process mapping and simulation were used to analyse the effect of introducing new e- 

business strategies, specifically geared towards customer interaction and invol' ement along 

the design and production process. Having currently order-processing lead times of' up to 14 

days, they plan to reduce this to less than 5 days introducing c-business. The process 

mapped starts with dealing with enquiries through to delivering the product. Figure 5.2 

shows the process map for the activities under study. 
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Figure 5.2 LabelCo Process map. 

Table 5.2 describes the process and shows a mapping against the generic business process 
frameworks. The whole workflow will be transferred to electronic form. Activities in italics 

show where the biggest impact of c-business is thought tobe. 
Co. Activity Childe et al (Childe et al. SCOR \IIT (M1'1 291111) 

1996)(Smart et al. 1999) 
Receive enquirt" Receive enquiry from Process enquiry 

customer 
Produce estimate Estimate process Calculate product process 

times/apply standard cost requirement 
rates 

Commercial review of Process enquiry and quote 
Rcvviewww/oversee 

quote 
- Update quote 

Send quote to A 141 Manage customer Send quote 
customer query 
Wait for customer to Wait on customer 
decide 
Receive order A 141 Accept' release order M1.1 Receive, Enter & Obtain order 

Validate Order 
Pass Artwork to Develop preliminary design Customer provides 
origination spec i heat ions 
Check artwork: A312321 I Check Drawing Conduct initial technical 
highlight issues & issue review 
print 
Log order & create Identify process required Enter orders into production 
ordersec and delivers' ; P('F 4.2.2 

Create method Generate process Finalüc I. neineerin Develop product and process 
instructions design 

Schedule delivery Compare requirement to Schedule manufacturing Schedule manufacturing 
(late proof&job existing schedule activities ; SCOR M3.2; actisitics ; S('OR M3.2 

Schedule prototype build 
('roof bag sent to 
orieination 
Produce proof Develop product to meet Des clop prototypes I'('F 

specifications 
Send proof to Send physical uhject. send 
customer information externally 
Approve proof & date ('untirm with customer Approve Request Apprus c transaction 

Authorüation 
IJpdate order, produce 
job bag, print spec 
Order materials Obrain required items Source Ituý i. too ills t n: rl. 
Send Confirm order to customer Confirm specific smice 
ac"ktit) H'Iedgrmrnt to requirement, for customer 
customer 
fass updated job hag 

to planning 
('heck specs and job 

hay 
Order tooling Issue work orders 
Run manufacture *** ý* "*'*" "'r' 
Despatch goods Dispatch customer order Dl. 9 Pick Product Pick product ; S('OR Dla. 9 
Ship goods. Deliver product Load Vehicle Generate Load Vehicle Generate Ship 

Ship Docs. Verify Credit Dues. Verify Credit & Ship 

& Ship Product Product 

""*" not mapped because it is too specific to manufacturing. 

87 



Table 5.2. LabelCo process mapped against reference frameworks 

5.2.3 Lessons from the case studies 

As can be seen from mapping the different processes against established frameworks, the 
amount of detail available in such frameworks is not enough to represent some of the 

activities that the specific processes require. From the three frameworks analysed, the one 

that seems to have the most detail is the business process repository from the MIT. However, 

it is evident from the case studies that the use of static frameworks cannot fully capture the 

impact that e-business brings to the business processes of manufacturing companies. 

It must be said that the emphasis of the work developed by Childe et al (Smart et al. 1999; 

Childe et al. 1994) was on manufacturing companies and that their work was developed 

before the widespread use of e-business. It is then no surprise to find that this framework 

fails to identify the differences introduced by e-business in the case studies. This is 

especially applicable since the frameworks were developed as a guide to "what" a 

manufacturing company most commonly do, not to "how" to do it. It is in the "how" that e- 
business is having the greatest impact. 

On the other hand, the SCOR model is intended as a high level model of supply chain related 

activities. As such, the guidelines it gives are not very detailed, and although there are 

specific suggestions about performance metrics and best practices (including some e- 
business applications) in the written description of each activity, they are difficult to see 
from the structural/graphical representation advocated by SCOR. 

The MIT e-business process repository was better at finding these changes. One of the main 

reasons for this is that the business process repository has the concept of "specialisations", 

that is, the ability to "differentiate process into its different types" (Malone et al. 1999). For 

example, the process "receive order" can have specialisations like "receive order by fax" and 
"receive EDI order". This will obviously have an impact on the amount of variations that 

can be accounted for when analysing e-business. Despite this, the researcher does not 
believe that the business process repository per se can describe the real dynamic aspects of 
business processes. 

Static models have value to help building the initial picture of the process, serve as a 

communication tool in the initial stages of the analysis and can be used to organise the data 
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collection phase of the dynamic analysis by prompting the asking of the right questions in a 

structured manner. The use of generic frameworks can help identify relationships or 

activities that could have been overlooked in the initial mapping of the process. For example, 
in Table 1 mapping the activity "Phone client to book-in delivery time" against the different 

frameworks can flag other activities that may be related to this activity. Activity A343 

"Schedule delivery" in Childe's (Childe et al. 1994) map is preceded by "A342 Generate 

Shipping documentation" and followed by "A344 Load order". If any of these activities are 

not in the current process map, it must be asked why and if necessary include them. 

Finally, although the business process activities of the case study companies were mapped 

against corresponding activities in the generic processes, the processes as a whole did not 

follow the ordered hierarchies and sequences proposed by the frameworks. For example, 

from an initial analysis of the WaterCo process (Table 5.1), it was thought that two distinct 

phases were found in the process: Manage Order/Enquiry and Obtain Required 

Items/Dispatch Order. One would expect to find all the activities hierarchically 

accommodated below these high level processes. In reality, in order to faithfully map the 

companies' activities, generic activities from a wide range of processes were used (e. g. 

activities from Plan Order Fulfilment and Support Product). 

It can be inferred that: first, the generic processes, although a good guide, do not capture the 

full complexity of business processes. Second, that the concept of what a process comprises 
is intimately related to the specific perception that the company has of its business. What for 

a company are completely separate processes, for another are an integrated and inseparable 

entity. 

5.3 Reuse and Component Theory 

5.3.1 Reuse in systems engineering 

The reuse concept has been proposed in the software engineering arena as a way to make the 

software creation process speedier. A number of authors have described what reuse entails: 
for example, Duskink and van Karwijk (1995) define reuse as "all activities aiming at 

reusing previously constructed artifacts within the process of (software) development". On 

the other hand, Reese and Wyatt (2005) define reuse as "the isolation, selection, 

maintenance and utilisation of existing software artifacts in the development of new 

systems". These authors identify Mcllroy as the one who originally coined the term more 
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than thirty years ago. Since then, the reuse concept has been extended to other disciplines 

such as design (e. g. Smith 2002) knowledge management (Oussalah 2002), modelling and 
design of manufacturing systems (Chandra et al. 2005) and simulation in general (Pidd 2002; 

Aronson and Bose 1999; Mclean and Shao 2003). Most of the arguments for reuse are based 

on the premise that 

"... building models of all types is an expensive process as it takes a considerable 

amount of time and effort to analyse and understand the systems and processes that 
form an essential part of the operation of an enterprise" (Chandra et al. 2005). 

Accordingly, some of the arguments for reuse are: 

" Reusing an existing design in a new application as an obvious way of reducing effort 

and risk. (Chandra et al. 2005) 

" If in building new models, existent solutions can be reused, the construction of this 

new system will be more likely to be in time. (Dusink and van Katwijk 1995) 

" If a single existent solution is used more often, it is likely that the quality of the 

solution will improve. 

9 Each new simulation case study performed today probably repeats at least some 

work previously done by others... hence, the development of standard templates for 

different types of case studies would be a step in the right direction to minimise the 
duplication of work. (Mclean and Shao 2003). 

" Individual case studies should be able to be used as modular building blocks and 
templates to solve more complex manufacturing problems (Mclean and Shao 2003). 

" Reusability provides not only software productivity and quality, but also provides 
flexibility to meet changing simulation requirements (Aronson and Bose 1999). The 

demand for such flexibility can be met by developing simulation applications by 

composing reusable pieces accessed from a reuse repository. 

" Simulation systems are excellent candidates for component reuse since model 
development, validation and verification costs are high. Composition offers 

opportunities for large savings in simulation development. (Aronson and Bose 1999) 

In summary, it can be argued that reuse takes advantage of existing structured knowledge 

and applies it to new problems, making in the way the problem solving process faster, more 

productive, more flexible and (theoretically) of better quality. 
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5.3.2 Component-based reuse in simulation 
Although the reuse concept has been applied to software engineering for almost thirty years, 
its application to simulation is somewhat more recent. 
Pidd (2002) describes a "very non-linear" spectrum for software reuse. It presents four 

types of software reuse: Code scavenging, Function reuse, Component reuse and Full model 

reuse. It additionally presents two different horizontal axes: Frequency and Complexity. It 

is argued that reuse is more likely to occur in code scavenging than on full models, while 

complexity runs in the opposite direction, making reuse of full models a far more complex 

task than that of code or function reuse. 

Full model Component Function Code 

reuse reuse reuse Scavenging 

Complexity 

Figure 53 Reuse spectrum (Source: Pidd 2002) 

Pidd describes the four types of reuse as: 

Frequency 

" Code scavenging. Reuse of basic code, as long as we trust the person that wrote the 

code. This reuse is fine grained and uncontroversial. 

" Function reuse: The reuse of built-in functions in particular languages or systems. 

The functions are very specific in their functionality. 

" Component reuse. Components are defined as "encapsulated modules with a 

defined interface, providing limited functionality and able to be used within a 

defined architecture" (Pidd 2002). Based on the definition of reuse presented in the 

previous section, a component would be the artifact in question i. e. a piece of 

formalised knowledge that can contribute to the (software) engineering process. 

" Full model reuse. This is the holy grail of reuse. Full model reuse is extremely 
difficult and as a result, it is not very common. 

The characteristics of the different types of reuse can be summarised in Table 5.3 

Type of reuse Complexity Frequency Granularity 

Code scavenging Low High Fine Grained 

Function reuse Low High Fine Grained 
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Component reuse Medium Medium Fine to large 

Full model reuse High Rare Large grained 

Table 53 Reuse types and their characteristics (Adapted from (Pidd 2002)) 

Using Pidd's classification, it can be argued that the area for exploring reuse that has not 
been completely exploited and that has potential to inform knowledge and contribute to 

practice is that of component reuse. Code scavenging and function reuse have been 

extensively used in the past, while full model reuse is rare and it is very difficult to find two 

contextual setting in which a whole model could be reused. It is then in the area of 

components that the potential for reuse can be realised. Using components as modules, a 

simulation model can then be assembled as if it was a jigsaw. A number of conditions must 
be present for this assembly to take place: a defined set of rules, an interface specification, 
documentation, processes for reuse. 

Different analyses of potential applications of the use of components in simulation have been 

presented for general simulations (Pidd 2002; Pidd et al. 1999) and for military applications 
(Kasputis and Ng 2000; Davis et al. 2000). However, as can be seen, the number of 

reported applications is not extensive, an indication of the developing nature of the field. 

It is then in the light of generating a better understanding of how component re-use can be 

applied to computer simulation that a number of e-business simulation components are 
developed and their application studied. The next section will describe the developing 

process for these components. 

5.4 Generic e-Business Components 
The use of generic static frameworks for mapping the differences between traditional and c- 

enabled business processes does not capture the full extent of the differences, since these 

differences are usually perceived in the behaviour, rather than in the structure of the 

processes. It has also been argued that dynamic analysis, such as simulation, is necessary if 

such changes in behaviour are to be fully understood. However, one of the problems with 
dynamic modelling is that is usually more time consuming than static analysis tools. 

This brings us to the question of how to improve the effectiveness of simulation modelling of 

e-business and its effect on business processes. As explained in section 5.3, one proposed 

approach is that of using pre-built simulation elements (templates or components) that 

encompass a number of entities that represent c-business activities. These components 
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provide a unique set of functionalities that can be used as building blocks in creating 

multiple simulation models, thereby allowing new models to be assembled, rather than being 

built from scratch. The questions that arise are: Are there any benefits in using traditional 

generic process maps as a starting point for building more dtiynamic models? Can patterns 

be identified that characterise the e-business processes of manufacturing companies? 

The initial thought behind these questions was to build complete processes (e. g. Generate 

order) that then could be "called" from a simulation library and that could "generate" the 

whole simulation model or at least the corresponding part, e. g. Generate Order with all its 

activities and sub-activities (22 in total in Childe's model). This approach was in line with 

the Full Model reuse type proposed by Pidd (2002). However, as explained before, generic 

process maps have difficulty in capturing the differences between traditional and e-enabled 

processes. Additionally, it was demonstrated that actual business processes do not conform 

rigidly to the structure and hierarchies imposed by these generic process maps. Hence, the 

approach of having such wide process components would bring little aid in building models 

faster, since the amount of customisation (time and skill) required could exceed that required 

to build a model from scratch. 

5.5 Component development and testing 
It has been established that building all-encompassing c-business process models to aid 

building simulation models is unsuitable. An alternative for the full model reuse approach is 

that of component reuse as explained in section 5.3. The approach followed to address this 

was to identify groups of' activities that are generic enough to be used in a wide range of 

applications but at a sufficiently low level (medium grained) to avoid imposing pre- 

determined hierarchies on processes. The idea is similar to concepts of' modularity. Such 

components can be then be "plugged" to simulation models as required (e. g. instead of 

having the Generate Order process with all its sub-activities, one would be able to choose 

from "Order arrives by telephone" or "Order arrives via the Internet" or a combination of 

both, See Figure 1). The researchers based the development of these components on the 

observations from the case studies and the generic process maps proposed by the MIT and 

other frameworks. 

Figure 5.4. Combined order taking (manual and electronic) reusable simulation component 
Receive Bectrorv Order 

ORDERS 0 

Pi 

bO 
-" /O , tom Receive order by telephone 

0 Ceptve order merwuely c awe order in System ERP swstem 

40P -oil 
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The procedure for developing the components was as follows: 

" Identify common activities/sub-processes from primary and secondary case studies. 

" Operationalise the sub-processes in the simulation tool, subject to the following 

criteria: 

o In order to be considered a "generic" component, it must be present in more 

than one case study. 

o There should be consistency in the hierarchical deployment of the elements. 

o In order to keep the degree of modularity intended, a limit in the number of 

activities present in a component must be observed (8 at the moment). 

" Test the components in new case studies. 

" Create a component knowledge database, describing the purpose of each component. 

Identify e-business 
activities 

No 

more than one 
N. case? / 

Yes 
Identify 

differences 
Operationalise 

sub-processes in 
simulation tool 

Test the template 
in new cases 

No 

template? 

Yes 

Add to template 
knowledge 
database 

Figure 5.5 Component development process 
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The development process followed a sampling strategy best described as that of "iterative 

approach" (Royer and Zarlowsky 2001) in which "the scope of generalisation for the results 
is not defined at the outset, but rather at the end of the process" (Figure 5.6) . Another 

important difference with the traditional (i. e. statistical) sampling approach lies in the 

"progressive constitution of the sample by successive iterations. Each element of the sample 
is selected by judgement. The data are then collected and analysed before the next element is 

selected. " Glaser and Strauss (1967) suggest first studying similar units in order to enable 

the emergence of a substantive theory before enlarging the collection to include units with 

different characteristics. With this in mind, the sample cases were focused on applications 

of e-business to the order fulfilment process, although giving room to incorporate both make 

to order and make to stock manufacturing policies. 

Define the unit of analysis 

Choose an observation unit 

Collect and analyse data 

Choose a new observation unit 

Collect and analyse data 

Sample 

Define the scope of 
generalisation for the results 

Figure 5.6 Iterative approach to sampling 

In order to validate the components, a pattern-matching logic approach was followed, in 

which "such logic compares an empirically based pattern with a predicted one (or several 

alternative predictions)" (Trochim 1989). In order to test the usability of these components, 

a number of tests are conducted. First, the building of simulation models from current case 

studies. Figure 5.7 shows a comparison between (a) a model built from scratch and (b) a 
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model built with the components (the model is presented without further customisation). As 

can be seen, the models are similar, although some modifications are needed in order to 

reflect the actual process (for example, increasing the number of operators receiving order 

from one to three). 

As mentioned before, the components are "progressively tested". That is, they are built from 

initial case studies and tested in later cases, each case validating the pertinent components 

and serving as source for the development of new components, which in turn are validated in 

the next case. 

A further test was to make the components available to a group of simulation users. The 

analysis of this deployment is presented in Chapter 6, but initial comments confirm the 

usefulness of such components, although care must be taken to explain what each component 
includes and what is the function of each activity within the component, in order to make the 

most of the components. 
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Figure 5.7. Comparison of simulation models 
a) created from scratch b) created with components (without further customisation) 

The component development followed the path explained in Table 5.4. Each component was 

derived from a case study (either primary or secondary) and tested in the next case. Figure 

5.8 presents this in a graphical form. 

Component Case derived from Case(s) tested on 

Combined order taking WaterCo LabelCo, BottlingCo. 

e-Purchasing WatcrCo. PharmaCo, BottlingCo. 

Order processing LabelCo. Tatsiopoulos et at, Shen et at 
High level manufacturing IEE LabelCo, WindowCo, 

Invoicing/ e-invoicing WaterCo. LabelCo, MotorCo. 

Receiving VirtualCo. BottlingCo 

Enquiry Management LabelCo. BottlingCo 

Configure order Pharma Tastsiopoulos 

Quote handling LabelCo BottlingCo, Cheng (Cheng et at. 

Shipping Pharma VirtualCo 

Supplier selection Tatsiopoulos Shen et al. 

e-Replenishment MotorCo. 

Table 5.4 Component development and testing 

For each of the primary case studies, the typical pattern followed can be described as 

follows: 

" Access negotiation. This stage usually involved a number of phone calls and visits 
to explain the project to managers and process owners. This stage was conducted 

over a period of two to three weeks. 

" Initial interviews with process owners. Elicitation of their view of the process, type 

of e-business options under consideration, discussion of outputs and time-scales. 

Typically involved a couple of meetings over two weeks. 

" Pre-application questionnaire to document and refine objectives. 

" Interviews with process owners and process operators to define and map the process. 
Document times, resource requirements, work-in-progress and decision points. - This 

step was typically carried out over three weeks, involving around fifty man-hours. 
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This stage also involved spending some days following the process and timing the 

activities as a way of validating the information gained from the process owners and 

operators. 

" Formal mapping of processes in process software (usually MS Visio). 

" Validation interviews with process owners and process workers. Fine-tuning of 

process. Carried out over a week. 

" Development of as-is simulation model. 

" Meeting with process owners and process workers for simulation model validation. 
Two meetings over a week. 

" Development of to-be (e-business) simulation model. One week. 

" Experimentation and option comparison. The process included deriving the timing 

for the new processes in conjunction with the process owners. This process was 

around 20 man-hours spread over one week. 

" Meeting with Managers, process owners and process workers to present results. 

" Report writing and final documentation. Carried over a week. 

98 



Pilot case 
+ Order taking EDI & 

Manual (C) 
+Ordering process (C) 

Rf 

Order takii 

Test of Order taking + Test of 
Ordering process + Quote 

Handling (C) 

Combined order t 

Ordering proce, 
Handling Te 

e-purchaa 
Shippi 

Order prose; 
+ Configure C 

Combined order t 
purchasing + Re 

Template: 

Figure 5.8. Iterative approach: case study sequence. 
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The components that have been developed in this research are an extension of the simulator 

concept. In the early stages of simulation development, the way of carrying out simulation 

was to write programming code in either a programming language or a simulation language. 

This has evolved to the current Visual Interactive Simulators, which allow the use of 

predefined elements to be dragged onto the screen to build a simulation model. The 

components are built on the concept of simulator and the assumptions that people have about 

these systems (e. g. visual, drag and drop, menu-driven model building). By extending the 

scope of the elements available to the user, the components are an easy next step in the 
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functionality that simulators provide, without requiring a big change of paradigm in the 

simulation user's frame of mind. 

A description of the components is presented next. These components were developed from 

the above case studies (case study process maps are presented in Appendix 2A). The origin 

of each component is explained, as well as the case studies where it was tested and any 

particular characteristics regarding the modelling of such activities highlighted. 

Order Taking combining traditional an electronic orders 

This was the first component that was derived from the WaterCo case study. This 

component combines both traditional manual order processing and orders that come via a 

website or EDI. Orders are then combined and accumulated in a central database where they 

wait to be processed. 

Orders 

9T 
Receive order by 

telephone t=2 min 
Person 

5% Error 

Capture order 
manually t=2 min 

Person 
5% Error 

!A Al Capture order 
JUýUý in system t-- 1 min 

Person 

ERP system Receive order 
t=20 min electronically 

Person to 
initialise 

Orders waiting 

The component was tested in the LabelCo and Ngai cases. As can be seen, the component 
fits both cases, albeit with slight modifications. This was one of the components which 

proved to be common amongst a number of case studies. It can be said that by applying the 

component in a number of cases and not needing to modify the basic structure anymore, 

theoretical saturation has been reached. This validates the component and makes it the first 

of the database. 
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The final operationalisation of the component is presented in Figure 5.9. This figure depicts 

what part of the model would be created by dragging the Order Taking Combined 

component into the simulation screen. 

ORDERS 

4- 

Receive order by phone - 
0 Capture order manually 

0 
Capture order in System ERP 

'p7 

Figure 5.9 Order taking combined SimulS component. 

A dialog was created for each component, in which to input the initial values. Figure 5.10 

presents the dialog for the order taking combined as an example. The main parameters liar 

the component are inputted here and automatically transferred to the corresponding 

activities. Visual logic (Simul8's programming language) is used in some cases to transfer 

the data or modify the component based on the parameters inputted in the dialog. For 

example, the percentage of electronic orders field in the dialog presented in Figure 5.10 

changes the percentage routing of orders coming into the system. This can be used to 

explore scenarios in which all orders are processed manually (Percentage electronic orders - 

0), all orders processed electronically (Percentage electronic orders - 100) or any 

combination in between. Likewise, if a step (e. g. Capture order manually) is not present in 

the real process, the processing time can be set to zero, effectively "logically-removing" this 

activity. 

MI 

Receive Electronic 
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Order Interarrival time f Cf 

34 x Cancel 

Percentage electronic orders 

21 

Time to process order by telephone 

3 

Time to capture order manually 

4 

Time to capture order in y<: tem 

5 

Figure 5.10 Dialog for the Order Taking combined component. 

Purchasing (send purchase orders) 

This process checks the system for purchase order to be sent, then a supplier is selected, 

order are captured in the system and printed and faxed or mailed to the customer 

GfÜrGn `r 
I]U 1 ý1 Iý 

Person to 
Printer Fax 
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Purchase 

(I 

Batch rocess 
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Select supplier Generate purchase Print Purchase F ax/-ail 
orders waiting purchase orders (Optional) ^^^-1111111 order orders orders 

t-4% 

Enorý 

Figure 5.11 Purchasing Template 

This component was derived from the WaterCo case. This presented one of the initial 

variations between a traditional process and an electronic enabled process. The need to 

batch the order to he processed and then sent in one go to the supplier is eliminated by the 

facility of sending individual orders that are automatically processed and that require very 

little (if any) human involvement. This is the first instance (from the components) in which 

alternative configurations were found for the same activity before and aller the 

implementation of c-business. As it will become evident later, this change in structure is not 

always present when introducing c-business, making the dynamic clement the only 
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difference between traditional and e-enabled processes. The next component presents the e- 

enabled version of the sub-process. 

Buyer 

Betch_process purchase orde R. r% orders 0 Select Supplier Generate Pvchese orders 
0000000 Fex or mail Orders 

Figure 5.12 Purchasing component 

Figure 5.13 presents a snapshot of the dialog for this component. As can be seen, a 

percentage of rework (due to human error) is introduced in this component. This figure can 
be set to zero if a "perfect" system is to be analysed. 

Batch process time 

10.94476 

Select supplier processing time 

1.4 

Time to generate purchase order 

28 

Time to print order 

1 

Time to fax or mail order 

25 Error 
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4 

Finish 
Fx 

c. 
-. 

Figure 5.13 Purchasing component dialog 

Electronic Purchase Order 

Similar to the normal purchase process, orders are sent to the customer via email or e-tax 

Purchase order 
Generate purchase Send order 

order 
ýýI 

electronically 

Figure 5.14 Electronic purchase order template 
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These components were tested in the BottlingCo. and PharmaCo cases. 

Order processing 

Orders come into the system and are either accepted, verified or rejected. This is a high level 

process of the type of that was initially intended to develop. As can be seen, the activities 

are very generic and lack the detail needed to take into account the effect of c-business. This 

can be a general guide as to what the overall process should look like, but more detain needs 

to be added under each activity. Alternatively, this component can be used as an interface 

between the order taking and shipping components. 

Orders 

ýý^\ Accept Amend 
" 

Reject 
ýnll order Order Order 

Person Person Person 

Orders for 
ni Dispatch 

Person 

Figure 5.15 Order processing te mplate 
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Figure 5.16 Order processing component. 

Quote Management 

An alternative to the above process was found in the LabelCo case. As can he seen in the 

component diagram, the activities are broken down and a description of the activities is 

presented. This is the first component in which the same structure is valid for both 

traditional and c-business processes. The difference lies in the dynamics of the process and 
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the amount of time the entities (requests in this case) wait to be processed between stages 

and how long does it take to carry out each one of them.. 

E-enabled process 
(workflow) -- ,- 

Computer 
ry coder 
ýA computer Computer Person Person 

Send Request No Receive request Calculate quote -º Approve quote 0 Update quote 

Client \ Wait for Email quote 

jects 
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quote response 
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Corn W ter 

This component was tested on theBottlingCo and Chen et al case. 

Invoicing 

A delivery note is tied to a picking note and an invoice is generated in the system. Invoices 

arc then sent to the customer by mail. 

Delivery 
picking note 

note 
ý- 

Person 

Generate 
Invoice 

Post 
Invoice 

Person 

1J 

Delivery 
note 

Picking note I 

Compute' 

Generate 
Invoice 

email 
Invoice 

Figure 5.17 Invoicing Templates 

Configure Order 

This is a high-level order fulfilment process. Orders arrive, a schedule is created and parts 

are manulictured and shipped. Other components (e. g. Quote management) can he used to 

represent activities in this process. (e. g. Configure Quote) 

Customer Configure Create Ship 
ý-ý ufacture ý - -ý order 

/ 

quote Schedule rý Man 
Order 

Figure 5.18 Configure order (high Ie%eI) 
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Shipping 

This component deals with the analysis of the shipping process, both from the point of view 

of the sender and of the receiver. The contribution of e-business is in how to deal with the 

dispatch note and how° to schedule the shipments. 

W yývý ý ýnl 

Schedule 
ti 

Fro' 

ss orýr Sh pmen 
0 Send shipment Receive products F 

Issue dispatch 
note UU 

Send dispatch 
note 

Figure 5.19 Shipping template 

Kanban 

A single-token kanban system. This is one of the components where the structure does not 

change, but the speed at which activities occur is significantly changed by the introduction of 

an electronic version. 
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Figure 5.20 Kanhan "Template 
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Figure 5.21 Kanban component 

Processed 
Material 

10 

u 

106 



Communicating production plan. 
This component was derived from the MotorCo case study. The component presents the 

sending of orders from one company to one of its suppliers. The objective of this component 

is twofold. First, it is used to illustrate the extendibility of the component concept beyond 

the boundaries of a single organisation and into the realms of supply chain. Second, it is 

used to illustrate the use of components in which a more complex logic is involved. Figure 

5.22 presents the component operationalisation in Simul8 . 
dummy start up 

0 
0 

Order sequence entry Queue for Split Order 
00 

Supplier Warehouse 

Order to supplier 
Spit Otder 

LJ n S), 
_ 

Order to supplier 
0 

CoIect acer 
0 

Storage Area 4 
0 

J 1 

Spit Otder Product Queue 
0, 
10 AMat& 

order 
0. dummy exit i 

00 
Ll JE 

Oýý Queue to dummy exit poiri 

Figure 5.22 Communicating production plan component 

The logic used in this component is one of the most complex of the components created 

during this study. The OEM activities are represented inside the rectangle. Production orders 

are dispatched to the shop floor using the order sequence entry. Products with different 

characteristics can be manufactured in this component. For example, cars with different seat 

colour. A dialog (Figure 5.23) asks the model user how many different products and the 

proportion of those products. Based on this information, a distribution is created and used to 

drive the production order sequence entry. The sequenced products move through the 

system until they reach the Split Order point. Here the physical product continues through 

the system, but a purchase order is generated and sent to the supplier. This order inherits the 

characteristics of the original product and looks for a match in the supplier's warehouse. For 

example, if a car requires brown leather seats, this purchase order to the supplier is for brown 

leather seats. Once the supplier matches the purchasing order, the requested material is sent 

to the OEM, where it is matched with the specific car that required it. This component can 
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be split to include intermediate activities (e. g. the actual manufacturing of the supplies in 

case of a Make-to-Order process). 

You have selected the following number of 
products 

a 

N ow enter the percentage of each product in 
the next sheet 

N 
Ni'TE. Mate sure that the `:; s add to 100 

Check box to enter the percentaaeý for each 
product 

0 Check Box 

Finish X Cancel 

Figure 5.23 Communicating production plan component dialog 

5.6 Discussion: the impact of creating e-business simulation 

components 
Progressive testing as a way of develop and test the components was illustrated during this 

chapter. This novel approach allowed to reduce the number of case studies required for the 

development and testing of the components. By progressively testing the components, the 

reliability of the constructs was increased, reaching theoretical saturation, in which new 

cases did not add or modify the structure or behaviour of a component. This progressive 

testing also helped the verification of the components, which is one of' the arguments For 

reuse in simulation. The limitations of the components developed in this chapter are in the 

somewhat restricted number of case studies, the limitation to mainly manufacturing case 

studies, which limits the area of gcneralisabilty of the components proposed here. I lowever, 

as stated before, the objective of this research is to prove the concept of simulation use for e- 

business analysis and the proof of concept of component development. The purpose is not to 

develop an all-encompassing library of c-business components, but to understand how to 

create and use these components and prove the concept of using simulation and components 
in c-business. 
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The initial use of these components has shown that they can reduce the model building time 

and help guide the simulation build regarding relationships between activities and routing of 

products and information. However, the tasks of data collection and model population 

remain time-consuming activities. Nonetheless, the overall building time is reduced, 

reducing the cost of modelling and allowing the non-specialist to build simulation models 

that otherwise would be restricted to those with simulation experience. This will have 

implications for e-business decision-making, as it will allow the e-business user or analyst to 

create models without having to have a specialist at hand. Having the opportunity to "plug" 

different components to the model, different scenarios can be readily created and modified. 

One of the main contributions of the components is to guide the creation of c-processes, 

especially when it is not clear how the business process will look like or how it will behave 

dynamically. Using the practices from previous e-business applications (e. g. internet sales 

process in a make to order environment) can help to visualise alternative processes. 

From early use of these components, it can be predicted that the use of such components will 

help the use of simulation as an evaluating tool for c-business process analysis and design. 

Insights into the limitations of the usability of such components were also gained. It is 

thought that the biggest value of such components is to be gained when building large 

models. This, however, does not preclude their use in small processes, characteristic of 

SMEs, where it is unlikely to have a simulation expert. One concern is that the use of such 

components could become prescriptive or encourage laziness from the modeller when 

customising, accepting what the component proposes and not what the actual process is. 

Additionally, the components must be well documented and clearly explained for case of 

use. 

Work is still ongoing developing and testing new components with the application of 

simulation to study the effect of e-business on supply chains (Tang et at. 2004), in order to 

provide a wider application of the concept. 

5.7 Conclusions of the chapter 
The increasing dynamic nature of companies adopting c-business has made it more difficult 

to analyse the effect of decisions across the wider business. Modelling the business processes 
is a step towards a better analysis of such decisions. This chapter has presented an analysis of 

current generic business process maps and how well they capture the sometimes-subtle 
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differences in structure, that e-business brings to business processes. It was found that 

existing generic process models do not cover the full range of options that e-business brings 

to manufacturing companies, the approach proposed by the MIT (MIT 2000) being the 

closest to this goal. 

However, it was argued that process models alone cannot fully analyse the effect that e- 
business has on the business processes and that a dynamic analysis tools such a simulation is 

needed. The development of simulation process components as a way to reduce the 

modelling time was introduced and it is proposed that, by using these components for the 
detailed model building, more time can be devoted to the data collection, experimentation 

and analysis phases. The use of such components acts as a way of addressing deficiencies in 

the existing process models. However, in order to be useful, these components have to be 

well documented and care must be taken to avoid using the components as de-facto 

processes and ensure that they are customised to the individual processes of the case under 

analysis. 

Next chapter will deal with the testing of these components in new cases studies and on users 

with different levels of simulation expertise. 
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Chapter 6 Testing of constructs. 

6.1 Introduction 

Having developed the simulation components derived from initial case studies, the next step 

was to test the value of the components in new cases and with final users. Baines and Kay 

(2002) propose a modification of three criteria initially postulated by Platts (1993). These 

criteria are: 

" Feasibility: Can the modelling methodology be applied? 

" Usability: Is the modelling methodology easy to apply? 

" Utility/usefulness: Did the modelling methodology provide a useful output? 

The feasibility of the approach was demonstrated in Chapter 4 and further expanded in 

Chapter 5. This chapter will deal with the issues of usability and utility. In order to test 

these two dimensions, a triangulation of methods was chosen to increase the validity and 

reliability of the results. The first method is the use of new case studies. These case studies 

were not used in the development of the components in Chapter 5 and hence provide a new 

set of modelling challenges. Three case studies are presented in this section: One case 

carried out by the authors, one case where the author was involved as advisor and one where 

a third party carried out the modelling. The purpose of these case studies is to test the 

applicability of the components in applications beyond the ones in which they were 

developed. Additionally this exercise provides an insight into how other users may use the 

components, testing whether the components are restricted by the modelling paradigm 

embedded by the creator of the initial components. 

The second method used in the testing is the application of a quasi-experiment in which the 

components were given to two sets of users who were asked to build a simulation model of 

an e-business application. These experiments test in a more quantifiable manner the effects 

of using the components and the perceptions regarding their usability and utility of a larger 

sample of users. 
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6.2 Case Testing 

6.2.1 Case selection 
The cases were selected to represent different applications of e-business. Platts (1993) 

argues that in looking for case studies "the choice is between looking for consistency by 

trying to find similar types of company or looking to test the feasibility of the general 

process in a number of different situations". Chapter 5 followed the former, while in this 

chapter, the selection followed the latter criteria to explore the generalisability of the 

components concept and implementation, although they were similar in that they had e- 
business application as the objective of the project. The description of the cases and the 

application of the templates and components are illustrated next. 

6.2.2 Copier Manufacturer (CopierCo) 

The first case is that of the laboratories for a large photocopier manufacturer. The 

management was looking to move the test control from a manual process to an e-business 

enabled process. The objective of this change is to allow the clients of the laboratory to be 

able to access the results online, avoiding them having to come to the laboratories to get the 

test results. 

6.2.2.1 CopierCo process 

The laboratories perform tests for different internal and external clients. These tests are 

divided into Material's tests, Electronics' tests and Metrology tests. Each one of the sections 

had a manual control/log book for their tests. The processes to follow when requesting a test 

are documented for accreditation purposes (ISO 9002, ISO 14000 and internal standards). 

The proposed change is focused on the implementation of electronic management of the tests 

in the laboratories. The process was initially done manually and the laboratories manager 

wanted to see the effect that implementing an electronic management system would have on 

the output (tests/month), as well as a the effect on speed of getting the information to the 

internal clients (Material Quality Assurance (MQA) engineers). A description of the current 

process is presented in Figure 6.1 
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Figure 6.1 Copier Manufacturer as-is process. 

The process was then mapped in the simulation software for the as-is stage. Figure 6.2 shows 

the representation of the process in Simul8. For this process, the Order Taking and Quote 
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Management components were used. These components were used with small modifications. 

For example, in the Order Taking Combined component, the receive orders electronically 

was removed. The rest of the activities stayed the same, only the names were changed to 

represent the particular activities of this process. 

Call clientto rectify form 
0Q 

ý^ uI 
Fill in request form 

ORDERS 0 Hand in form 
o 

LJ 

carry out test Write report 
0 verity results 0 

1 

Assign testto engineer Capture in log Queue test 
000 

Peer review Log Resins 
00 MOR Collects realk 

0 

Archive report 
0 

ob4 
Passed test 

0 

.o 

0 

4 

File report and decision Agree njedion or acceptan 
0. I 

ZI; 
Figure 6.2 Copier manufacturer as-is process in Simul8. 

The use of these components in a new process shows the applicability and utility of the 

components outside their original applications. For example, the order taking process, 

despite being initially designed and tested for receiving purchase orders, can be applied in a 

setting like laboratory control. 

The Quote management process was used for the actual process of carrying out the test, 

writing the report and verifying it. Again, this component is used in a different context that 

where originally was developed from. The use of these components in a different setting 

demonstrates that selecting to reuse at the component level provides capabilities that could 

not have been achieved if a larger grained level had been selected, while still providing the 

benefits inherent in reuse. 

The results from the as-is case are presented in Table 6.1 
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Simulation Object Performance Measure 

-95° u 

confidence 
interval Average 

95"0 

confidence 
interval 

File report and 
decision Number Completed 67.96 81.60 95.24 

Minimum Time in System 325.51 350.48 375.46 
Average Time in System 877.14 1048.63 1220.13 
Maximum Time in System 1510.71 1720.64 1910.58 
St Dev of 275.30 346.37 417.43 

Archive report Number Completed 106.03 118.40 130.77 
Minimum Time in System 268.84 352.52 436.20 

Average Time in System 881.59 1041.69 1201.79 
Maximum Time in System 1566.47 1738.96 1911.44 
St Dev of 295.66 340.57 385.48 

Queue test Average queue size 8.68 10.50 12.33 
Average (non-zero) Queuing Time 387.63 444.18 500.73 

Queue for MQA 
Collect Results Average queue size 2.79 2.88 2.98 

Average Queuing Time 132.11 136.54 140.97 

Minimum (non-zero) Queuing 
Time 25.27 32.19 39.1 1 

Call client to 
rectify form Number Completed Jobs 7.52 12.00 16.48 

Table 6.1 Results for As-Is simulation of Copier Manufacturer (Note: Time in minutes) 

The next step was to model solution proposed for the improvement of' the process. The 

proposed system is a very simple MS Access database, which can be shared over an intranet 

with the clients of the laboratories. The thinking behind the solution is to allow the MIA 

engineers to request a test online and to verify from their desk whether a part has been 

approved to be used in the production lines or whether further actions are required (e. g. 

meeting to decide whether to accept or reject the part). 

The second model built for this purpose was based on the as-is model and dealt with the 

implementation of the above-mentioned system. For this model, the componeiits used w ere 

the electronic order processing and the electronic invoicing components. 

As can be seen in Table 6.2 the results of the simulation of the proposed system shoN% that 

the whole process will take less time. Crucially, this reduction in time will he at the intcrtace 

between the laboratory and its clients, where the improvement is sought. One point to make 
here is that even if the overall processing time is reduced, there are constraints inherent to the 

system that limit the amount of time that can be reduced. The major of these constraints is 
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the material test itself, since they have set procedures that must he followed (e. g. for paint 

testing, a test plate is painted and then it has to dry in an oven for three hours before 

performing the actual tests). Nonetheless, the simulation of the process proved useful for 

the laboratories' manager and engineers, that is, it allowed them to quantify the Potential 

benefits of the initiative and to explain these benefits to the plant management. 

Simulation Object Performance Measure -0.95 Average 0.95 
File report and 
decision Number Completed 68.88 82.80 96.72 

Minimum Time in System 217.29 242.15 267.02 
Average Time in System 748.01 914.53 I )81. O5 
Maximum Time in System 1349.35 1569.53 1789.71 
St Dev of 266.64 346.05 425.46 

Archive report Number Completed 107.76 121.40 135.04 
Minimum Time in System 169.47 210.46 251.45 
Average Time in System 739.59 898.68 1057.78 
Maximum Time in System 1390.24 1565.78 1741. ,1 
St Dev of 302.31 343.73 385.15 

Queue test Average queue size 8.73 10.56 12.39 
Average (non-zero) Queuing Time 387.38 445.58 503.78 

Queue l or MQA 
Collect Results Average queue size 0.00 0.00 0.00 

Average Queuing Time 0.00 0.00 O. Ol) 
Minimum (non-zero) Queuing Time 0.00 0.00 0.00 

Call client to 
rectify form Number Completed Jobs 0. (1(1 (l. O0 (LUO 

Table 6.2 Results for As-Is simulation of Copier Manufacturer (Note: Time in minutes) 

6.2.2.2 User experience 

The simulation provided the manager and personnel of the laboratories with a tool tu 

experiment and to analyse different options. The simulation results were tied to an internal 

mcthodology called "Quick-JlT", (which, despite the name, is a established process li)r the 

re-engineering of processes and not directly related to Just-in-Time concept as commonly 

known). The results of the simulation were presented to the board of directors and in 

company's internal compctition "Teamwork". The response from thcsc two torums was 

overwhelmingly positive. The board of directors recommended the extension of simulation 

analysis to other areas of the company. The group involved in this project obtained the 

second place in the Teamwork event. 
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The responsible for the Materials Lab expressed "The use of simulation was a fundamental 

tool for the personnel in the labs to be able to convince the MQA engineers and the Quality 

Director of the benefit of moving towards electronic handling of the test requests and 

results". 

6.2.3 Energy supplier (UtilityCo. ) 

Under the Kyoto Protocol, the UK Government has the target to reduce CO2 emissions by 

20% by 2010. As part of this target, it aims to increase the contribution of electricity 

supplied from renewable energy generators to 10% (was 2.8% in 2000) by the year 2010 

implying a requirement of about 6 to 8 GW of new renewable capacity (DTI 2002; The 

Cabinet Office 2002). Increasing targets may be established for the post-2010 period 

(between 20 to 60%, implying capacities of 20 to 45 GW) (ETSU 2003). 

Within the UK, Scotland is recognised for possessing considerable renewable energy (RE) 

resources: amounting to some 75% of the entire UK installed generation capacity (DTI 

February (2002)). The Scottish Executive is committed to developing and exploiting these 

resources, a commitment which lies at the heart of its Climate Change Programme. 

Presently, the Executive is already devoted to raising the overall proportion of electricity 

generated from renewable sources in Scotland to 18% by 2010 (including existing hydro- 

electric output) (Scottish Executive. 2002). However Scottish Ministers have indicated their 

ambitions to look beyond these short/medium term aims. For example, although there remain 

many challenges to be faced to fully exploit the resource potentials within Scotland, it is 

believed that producing as much as 40% of Scotland's electricity from renewable sources by 

2020 is a realistic and sensible target. The introduction of the Renewable Obligation 

(Scotland) (ROS) is anticipated to further promote the deployment of renewable electricity 

generation projects over the coming years. 

This case deals with the introduction of a new connection process to the grid. The intended 

customers are companies producing electricity using renewable sources and wanting to sell it 

to the distributors. The new tool will allow the calculation of the best route for the 

connection, using Geographical Information Systems and optimisation algorithms. 
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Although each utility company has standard technical and business practices defining the 

procedural and contractual requirements surrounding the connection of new generation to its 

network, there are a number of steps that are general and which must be addressed to ensure 

that all the issues are identified and dealt with in a systematic manner. In brief, these steps 

are: 

" Exchange of general project information between the developer and the utility. 

" Electrical engineering analysis performed by the utility (e. g. power flows and 
capacity checking). 

" Developer acceptance of interconnection design/conditions. 

" Engineering/project review meetings between the utility and the developer. 

" Project engineering and construction. 

" Final utility inspection of interconnection and protective equipment. 
Figure 6.3 shows a high-level overview of the connection process. The case study focuses 

on how information is exchanged in the first two steps. 

From the utility's perspective, the effort to deal with escalating numbers of applications for 

interconnecting new generation including wind farms can be substantial and it is an expense 

that must be recovered regardless of project outcome. Additionally, a problem recognised by 

utilities is that of poorly specified, ill-conceived applications requiring multiple iterations of 

analysis. (Quinonez-Varela et al. 2006). As a consequence, methods of reducing the cost 

and time of dealing with new connection enquiries are of great significance/importance. 

From the developer's perspective on the other hand, automating even part of the application 

process will allow a prompt response to potential developments in a reliable, consistent and 

secure fashion. 

The aim of the project under study is the development of a software-based planning 
framework to assist the interconnection assessment of renewable generators, especially of 

wind farm developments, into the Scottish electricity network. In brief, the specific 

objectives are: 

" Utilise the automated screening capabilities of Geographical Information Systems 

(GIS) to provide ease of use by planners and project developers. 

" Develop suitable GIS algorithms, including appropriate constraints and suitable 

methodologies to perform routing and search functions for new grid connection. 
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" Interface the GIS tool to suitable power system simulation (PSS) tools such as load 

flow and stability software; e. g. the PSS/E platform, to carry out line capacity 

checks, voltage profile analysis and so forth. 

9. Develop a front-end to facilitate easy access from users. 

9, To investigate the potential of using this planning framework to facilitate possible 
`aggregation' of a number of potential renewable generation developments under a 

single new grid connection 

PROJECT PLANNING PHASE 
Developer consults published information, including Distribution Network Operators' (DNO) 
Long Term Development Statements (LTDS), regarding connection opportunities 

INFORMATION PHASE 
Developer and DNO exchange information about generating plant and network 

DESIGN PHASE 
Developer submits a formal connection application and DNO prepares connection design 

and issues Connection Offer 

CONSTRUCTION PHASE 
Developer appoints DNO and, if desired, a third party, who construct the connection 

TESTING & COMMISSIONING PHASE 
Developer tests/commissions generating plant and DNO energises the connection 

Figure 6.3 High level view of the interconnection process. (SourceJarrett et al. 2004) 

A more detailed representation of the process which is going to be affected by the c-tool is 

presented in Figure 6.4 
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Figure 6.4 Planning process for interconnection. (Source Quinonez-\'arela et it. 2006) 

The analysis for this case study was done by comparing three scenarios: the current 

configuration, the option of using the new system internally and the option of making the 

system available for external users (potential suppliers of renewable energy). The first case 

involves doing the analysis manually, with the geographical routing male on paper. The 

second allows the user to submit data online and the geographical routing to be made by the 

utility engineer using the planning tools offline. The final option is to integrate the planning 

tool with an online interface to allow the user to input data, create the geo_graphical routing 

and obtain the results without intervention from UtilityCo personnel. 
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The analysis showed the simulated predicted benefits of using the new system, reducing the 

processing times significantly. 

Simulation Object Performance Measure As Is Option 2 
Quotes Accepted Average Time in System 5123 4517 
Queue for Geographic 
desk study Average queue size 40 0 

Maximum queue size 85.4 1 
Average ueuin Time 2580 0 

6.2.3.1 User experience 

The use in this case was the developer of the system. This user is an expert in simulation of 

electricity networks and has ample experience with mathematical simulation software. For 

the user the simulation model provided a way of showing the benefits and savings of the 

developed tool to non-technical staff. It also allowed the analysis of the potential volume 

increase in inter-connection applications submitted to UtilityCo. 

6.2.4 ERPCo. 

ERPCo. is a professional service company in Online Purchasing and they are the first e- 
Procurement outsourcer in Thailand. In 2001, ERPCo was established as a joint venture of 

six large companies (Bangkok Bank Public Company Limited, The Siam Commercial Bank 

PCL., The Siam Cement Public Company Limited, United Communication Industries Public 

Company Limited, True Corporation, Public Company Limited, and Charoen Pokphand 

Foods Public Company Limited). Nowadays, ERPCo. has two main shareholders, Charocn 

Pokphand Foods Public Company Limited has ninety percent of shareholder and the rest of 

them belong to Bangkok Bank Public Company Limited. 

6.2.4.1 Company's product 

The company provides services for the private, public and government sectors. The aim of 

the company is to reduce the cost of procurement and increase the efficiency in procurement 

processes for its customers. ERPCo. has a number of services. First, ERPCo. consulting 

service, in which the company provides consulting and planning in order to develop the 

customer's procurement abilities, increase efficiency and clarity, and reduce cost of 
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operation. Second is ERPCo. strategic sourcing. This service helps customer to increase 

procurement efficiency by using systematic analysis of their supplier base. Third, ERPCo. 

Online Auction is the instrument which helps firms purchasing goods and services. Finally, 

ERPCo. purchasing, in which the company helps its clients to apply technology to increase 

flexibility and speed in the procurement process. The case presented is that of one of' 

ERPCo. 's clients, in which the simulation was used to present the benefits of moving, 

towards an integrated c-procurement solution. 

This case presents a good opportunity to contrast different analysis approaches. At the 

moment, ERPCo. use simple spreadsheets to calculate the benefits (both in time and money) 

that an c-procurement applications brings to their clients. Having this data allowed us to 

compare the current (static) and the new (dynamic) analyses. 

This particular case study was also used to extend the testing the concept of c-business 

simulation and the usability of the components by a third party. The components were given 

to an MSc student, who was in charge of developing the analysis for this company. No 

modelling was carried out by the author and the input to the modelling process was minimal. 

The resulting models are presented next. 

6.2.4.2 The simulation of the traditional ERP si k'nt hei/iºre inter/ u iºt, ii"ith Onlince 
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Figure 6.6 The simulation of the traditional ERP system before interfacing ýSith Online 

Purchasing system 
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6.2.4.3 Results Summary of traditional ERP system hefc»"e inter1ucing ºW ith Online 

Purchasingsi"stem 

Results ® 

Low 953 Ranae 

ß... 
a4 

Detail W Help r% OK 

Average Result Hiah 95'. Range 

Work Complete 1 Average Time in System 1290.94 1314.86 1338 77 

Work Entry Point I Number Entered 146.94 150 67 154.40 

Work Complete I Number Completed 5.00 5.18 5.36 

Approve PO (3 Approvals) Wading % 93.09 93.39 93 70 

Working % 6.30 6.61 6.91 

Fax to supplier Waiting % 99.32 99.35 99.38 

Working % 0.62 0.65 0.68 

Good Inspection k. Vaiting % 97.74 97.84 97 94 

Working % 2.06 2.16 2.26 

Select supplier and Create PO Waiting % 97.21 97.34 97 46 

Working % 2.54 2.66 2.79 

Updating Inventory and Good n Wading % 95.49 95.72 95 94 

Working % 4.06 4.28 4.51 

User request product from inu ! +l.. aiting % 97.76 97.83 9790 

Working % 210 2.17 224 

Payment Approval (Paper) Wading % 99.32 99.35 99 38 

Working % 0.62 0.65 0.68 

Sourcing Procedures by Purch Blocked % 96.30 96.61 96.92 

Wading % 3.08 339 3 70 

Working % 0.00 0.00 000 

Approve PR Waiting % 0.66 1 05 1.44 

vvorhng % 98.56 98.95 99.34 

Benchmarking Waiting % 1.76 2 04 233 1 

Working % 97 67 97.96 98.24 

Figure 6.7 Results Summary of traditional ER! ' s}stem before interfacing itith Online 

Purchasing system 
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6.2.4.4 The simulation of the ERP system after interfacing with Online Purchasing 

system 
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Figure 6.8 The simulation of the ERP system after interfacing with Online Purchasing system 
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II 6.2.4.5 Result Summari' of the ERP sistem after inteifacing tit"ith Online Purchasing 

system 

Results D'19 Detail W Hei 0ý 
Low 95% Ran ge Average ResuI High 95 < Ranoe 

Work Complete I Average Time in System 943.08 960.96 978.84 

Work Entry Point 1 Number Entered 146.55 15024 153.94 

Work Complete I Number Completed 37.13 37.62 38.11 

Approve PR vVaiting % 1.72 1.93 214 

Working % 97.86 98.07 98.28 

Check PO to status kkaiting % 83.66 83.98 84.30 

NVorking % 15.70 16.02 16.33 

Create PO (Automated) Waiting % 100.00 100.00 100.00 

Create PR (Automated) VVaiting % 100.00 100.00 100.00 

Good Inspection Waiting % 83.67 83.98 84.28 

Working % 15.72 16.02 16.32 

Good Recieued on C1 Waiting % 83.78 84.08 84.37 

Working % 15.62 15.92 16.21 

Send PO to suppliers Nailing % 93.41 93.52 93.64 

t"Vorking % 6.36 6.47 658 

Sign receipt and PR tfl/aiting % 100.00 100.00 100.00 

Strategic Sourcing Program A(aiting % 100.00 10000 10000 

Update Inventory Vdaiting % 67.96 68.61 6926 

Vtrorking % 30.74 31.39 32.04 

User requests product from i n VVaiting % 83.82 8413 84 44 

VVorking % 15.47 15.78 16.09 

Figure 6.9 Result Summary of the ERP system after interfacing with Online Purchasing sNsteni 

6.2.4.6 ERPCo e -procurement anallsis 

The case presented in this case illustrates the use of components by a third person, who did 

not have knowledge of simulation and who built the models without direct supervision by 

the author. The results show that with minimal guidance, simulation models can he built 

using the components proposed in Chapter 5. This case also shows the value of using a 

simulation approach in comparison with using only static analysis, like spreadsheets. The 

simulation models illustrated the hidden factors that were not considered when carrying out 

the static analysis. For example, the utilisation of workers and waiting times of orders in the 

system have a big impact on the total cost of the processes. Moving from a manual process 

125 



to an enabled process saves around 1,400,000 Baht/year. The throughput of orders is higher 

and waiting times (e. g. for approval) are reduced. 

This part of the testing illustrates the usability and usefulness of the components, as well as 

their generalisability. This generalisability extends not only to the use of components in a 

different industry setting and geographical location, but also to the use of the components by 

people who were not involved in their development, showing that the use of these 

components is not hampered by personal bias or modelling preferences. 

The company appreciated the use of simulation and the components and will adopt the 

approach for future projects with clients. They mentioned that the use of simulation provides 

them with a better tool to show their clients the changes that can be achieved by 

implementing e-business. 

6.2.5 Case testing discussion 

The testing of the components on the cases shows that the components can be used on 
different cases, contributing to the generalisabilty, external validity and reliability of the 

research. By using different components in "new" applications, I showed that their utility 

extends beyond the cases from which the components were derived. Testing the components 

in this manner also goes some way towards validating the methodology developed for their 

creation. It has been shown that the iterative sampling and progressive testing allow the 

creation of components that can be generalised (up to a certain extent). 

An aspects that was tested in this section is the involvement of the component's originator. 

By having three different cases in which the originator was involved to different degrees 

(fully involved in the CopierCo case, as a guide in the UtilityCo. Case and at arm's-length in 

the ERPCo. case), it was possible to investigate the use of the simulation and the developed 

e-business components by different users. This was particularly important because it was 

necessary to show that the personal preferences of the originator did not introduce bias in the 

proving of the constructs developed in this research. This set of cases also showed that there 

is no need to be a simulation expert to apply the concept of e-business simulation (e. g. 

ERPCo). A more detailed exploration of this issue will be presented in the following 

section. 
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An important point to make here is the fact that the components are normally used with 
(minor) modifications to their logic or structure. This indicates that the components are a 

good guide for model building, but that they still need to be customised to reflect the 

particular processes of each case. This finding is in line with the expectation of this 

research. The researcher set out to develop guidelines for e-business processes, rather than 

prescriptive configurations for these processes. 

Table 6.3 shows a summary of the cases and the characteristics of the modelling task in each 

one of the cases. 

This testing has also shown the usefulness and utility of the components in contexts which 

are different from the original cases in which they were developed. 

CopierCo UtilityCo ERPCo 

Component originator Develop model Support user in Arm's-lenght 

involvement developing model 

e-business application Control database Grid connection e-procurement 

system 

Internal or external Internal Internal/External External 

application 
User role Data provider Modeller (assisted) Independent 

modeller 

Setting of e-business Laboratory Engineering Consultancy 

application 
Final user of the Internal clients Internal user/ Internal user 

system External client 

Industry sector Manufacturing Energy Service 

Key Performance Time and Cost Time Cost 

Indicators 

Table 6.3 Comparison of testing cases. 

6.3 User testing. 
Once the components were tested by modelling further case studies, the next step was to test 

how users would react to the use of the components. This part of the testing is important 

because it is necessary to elicit whether the utility of such approach is restricted by the 
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particular modelling idiosyncrasies of the component developer and/or user. Additionally, 

Banks et al (2003) argue that the nature of the simulation user in the future will be more 

diverse: 

"The makeup of the simulation user community is also going to change. While the 

number of users will be greater, it will take a much wider net to encompass the 

community... "simulation user" could mean many things. It could mean an occasional 

user of simulation ... using a basic simulation tool. It could refer to the traditional 

simulation users, who are general purpose `simulationists'... Lastly, it could refer to a 

specialist who knows the basics of simulation but is familiar with how simulation 

integrates with another technology like conveyor PLC controls". 

This thesis argues that the components developed in Chapter 5 can be of help for all the users 
described by Banks et al. For the occasional user and the specialist, they can provide a tool to 

build simulation models without having to learn the inner workings of simulation. For the 

traditional `simulationist', they can help speed-up model building and reduce model 

verification time. These benefits, however, are conditional on these types of users being 

able and wanting to use the components in the fast place. This section will deal with 

exploring user perceptions and gauging their willingness to use the components. 

Traditionally, user usability testing has been used in Information Systems development. 

Nielsen (1994) describes the four basic ways of evaluating a system as "automatically, 

empirically, formally and informally. " He also argues that "automatic methods do not work 

and formal methods are very difficult to apply". This leaves us with the options of empirical 

testing ("usability assessed by testing the interface with real users") and informal testing 
("based on rules of thumb and the general skill and experience of the evaluators"). Karat et 

al (1992) found that "the empirical testing condition identified the largest number of 

problems, and identified a significant number of relatively severe problems". An empirical 

testing was then chosen for the evaluation of the components. Users were asked to create 

simulation models that involved both manufacturing processes and c-business processes. 

In order to test the usability of the components, a quasi-experiment was designed. The 

design of the quasi-experiment involved two phases: Phase one tested the use of the 

components by simulation learners with a working knowledge of simulation; phase two 

tested the components on simulation novices. The reason for having these two phases is to 

evaluate the differences between user with knowledge of simulation and those without. It is 

one of the premises of this work that the development of components will aid both 
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simulation modellers and people who are not familiar with simulation techniques, by giving 

them a starting point for model-building. As stated in Chapter 3, a quasi-experiment design 

was selected, since it allows a comparison of those who get the "treatment" and those who 

do not. The description of each phase is presented below. 

6.3.1 Phase 1: Simulation learners 

6.3.1.1 Phase 1 Design 

This phase involved 31 users building models over a period of three months. The users were 

simulation learners that had to analyse investment options on both business and 

manufacturing processes for a company. The components were explained to half of the 

sample. The selection of which half would get the components was completely random. The 

explanation of how to use the e-business components was done verbally during the 

introduction session to the problem. An important note to make here is that the author was 

not involved in the teaching or assessment of these simulation learners 

An initial assessment was carried out (the "pre" stage) . This initial assessment tested the 

confidence of users using simulation tools, templates concepts (the closest approximation to 

components), and quantitative tools in general. The questionnaire used for pre-testing is 

presented in Appendix 4. Users were also tested at the end of the exercise in order to see 
how their confidence using simulation was affected, whether they had used the components, 

whether they had modified the components while using them, as well as what barriers they 

found. The questionnaire used for post-testing is presented in Appendix 5. 

In addition to the pre- and post-questionnaires, the users were asked to write about their 

experience using the components as part of their report. There was no template or specific 

instructions for the structure of this part of the report. The intention with this was to allow 

them to express freely and to gain a deeper understanding of the user experience, something 

that is somewhat restricted by a structured questionnaire. The free-writing section allows 

also having a way to triangulate information, a requirement to add validity to the results. 

Part of the assessment was based on providing an objective assessment of the experience. 

6.3.1.2 Phase 1 Results 

Phase 1 started with an analysis of what experience and confidence the subjects had in using 

simulation tools and templates. The results of the pre-treatment questionnaire show that 78 

% of users are confident or very confident of their understanding of simulation theory; 
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however, more than half of the sample (56%) is not confident on their abilities to map 
business processes. Fifty-six percent are confident of using simulation software, while 

another 30% have some confidence in using simulation software. (NOTE: Full statistical 

analysis for Phase 1 results is presented in Appendix 6) 

As for the use of modelling tools, 100% of the sample had used spreadsheets, 65% had used 

some form of discrete event simulation software, 47 % had used queuing theory and 13% 

had used systems dynamics, while no one had used agent-based simulation. Seventy-four 

percent had used one simulation tool (most of them during the simulation class), while 22% 

had used 2 and 4% had used none. Sixty-two percent had used simulation tools for less than 

5 hours, while 15% had more extensive experience (more than 24 hours) with simulation 

tools. Three quarters of the sample had used templates in other applications, of which 59% 

had used them in more than three different applications (e. g. letter template in MS Word). 

Ninety-three percent considered that using templates had made the task easier, while 80% 

felt that the use of templates allowed them to perform the task quicker. Seventy-seven 

percent modified the templates to fit their needs and of these, 80% found them easy to 

modify. (NOTE: The percentages in the last paragraph are based on the valid answers for 

each question and not in the total sample size). 

The picture that this analysis presents is one of users that are confident with the theory 

behind simulation, that have had some experience with simulation tools, have used 

templates, and in general adapted them for their specific purposes, finding this adaptation an 

easy task. 

The results of Phase 1 show that after the simulation class and the exercise in modelling the 

case presented to them, 80% of the sample were very confident in understanding the theory 

behind simulation, while 20% were confident. Eighty-five percent used the components for 

building the models, of which 88% found them useful. Everyone that used the component 

modified them and everyone that modified them found it an easy process. A summary of the 

main issues that resulted from this exercise are presented next and summarised in Figure 

6.10: 

9 Components save time building the model. 

0 Reduced likeness of building-in errors. 

0 Useful for setting up a base structure 
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" Useful for inexperienced people 

0 Encourages standardization and uniformity 

Timesaving (+) 
Easier to create (+) 

Starting point/ help for inexperienced users (+) 
Guide for Structure (+) 

Reliability/Replicability (+) 
Guide for learning how simulation works (+) 

Good graphics (+) 
Quick insight (+) 

Flexibility (+) 
Small number-> Familiarisation (+) 

Better explanation needed (-) 
Sometime too general, may miss info (-) 

Harder to modify than to build from scratch (-) 
Restricts creativity and invention. (-) 

Number of respondents 

0123456789 

Figure 6.10 Positive and negative effects of using e-business simulation components 

As can be seen, the perceived benefits outweigh the drawbacks. In addition, some of' he 

drawbacks are related to the process of using the templates, rather than to the templates 

themselves. From the feedback gained in Phase 1, it was decided to create a general user 

guide for the templates, explaining the function and logic of each templates and to provide 

said guide to the users for Phase 2. 

6.3.2 Phase 2: Simulation novices 

6.3.2.1 Phase 2 Design 

The second phase of the quasi-experiment involved giving the components to people that had 

not used simulation and that were not learning to use it. The motivation behind this design 

was to test whether components could be used as a way of introducing simulation to non- 

specialists. This is particularly important if we take into consideration the argument 

presented by Banks et al (2003) that the spectrum of simulation users is widening (see 

Section 6.3). 

The sample size of this phase was eight users. The users were researchers in the area of 

manufacturing management, although none of them was focused on simulation research. 
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This testing was carried out over one day. They were asked to produce the same simulation 

model that was used in Phase 1. Following the recommendations emerging from Phase 1, a 

detailed written user manual was provided (see Appendix 2A), explaining the structure, 

applicability and logic embedded in each component. As in Phase 1, the users were tested 

before and after the model building in order to capture their previous experience and their 

impressions of whether the components facilitate their introduction to simulation. 

6.3.2.2 Phase 2 Results 

Phase 2 results show that all the users were familiar with the concepts of templates (mainly 

through Microsoft Office products). Their confidence level in using simulation tools was an 

average of 2.1 (little confidence). Some of them had used simulation tools, with an average 

use of 6 hours of simulation experience, although this value was skewed by two users with a 

relatively high number of hours using simulation. The mode for this item was zero hours 

(Five out of the eight users). 

The picture presented here is one of users who are generally confident using and learning to 

use software. Most of them are confident mapping processes and differentiating between 

manufacturing and business processes, although not very confident in understanding the 

theory behind simulation. 

The post-treatment analysis shows that 87% of the sample used the components to create the 

simulation model. From the user that used the templates, 83.3 % modified them while 

16.7% used them without any modification. All those who modified the components found it 

easy to do so. The same proportion (83.3%) found that the components made the task 

quicker, while 100% found it made it easy. As above, 83% found that the use components 

made the modelling task more explicit. A more detailed statistical analysis of the 

questionnaire results for Phase 2 can be seen in Appendix 7 

Some of the comments made by Phase 2 and Phase 2 users are transcribed below. They are 

grouped by theme as presented in Figure 6.10 (NOTE: These comments are a mix of all the 

user responses and do not represent only one respondent): 

-Time saving 

These comments support one of the main assertions of this thesis: that the use of 

components helps faster model building. 
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"The components speed up model building" 

"We don't have to draw the same thing/a lot of things regularly, hence making the process 

quicker. " 

"Building the model was easier because mapping the process was quicker" 

Interestingly, the last quote is also related with the components providing guidelines for the 

process structure, while the second quote basically describes the concept of re-use. 

-Easier to build. 

Another main reason for developing components for e-business is that it is proposed that 

they make model building easier. The following quotes illustrate this perception from the 

user's point of view. 
"Some components did make the task easier, particularly those of standard applications, like 

e-invoicing7 

"By using the components we don't have to remember a lot of things" 
"The components make it easier to understand the process by reminding us about the order 

of the processes" 

Some of these comments are also linked to the concept of providing a guide for the user. 
From this comments, we can speculate that if there is a guide of what the process may look 

like, mapping and building the model such process would be easier. 

-Starting point/guide for structure 

The following comments reflect the user's perceptions regarding the utility of the 

components as a starting point for the simulation or as a guide for how the structure of the e- 

processes may look like. 

"Intuitive structure and useful graphics" 
"The components support design and understanding. It is an important starting point. " 

"The components acted as a guide for the understanding of the process and the software" 

"The components gave an initial idea of how the software works; after having this initial 

idea, the components don't add much to the ease of use". 

The last quote is interesting because the perception of the user in this case is that the utility 

of the components is limited to the starting of the modelling process, being used as a useful 

way of learning the software capabilities, but not beyond this step. This expands (and in a 

way contradicts) one of the arguments of this thesis, which states that the benefits of using 

components is the re-use of constructs across a number of applications and that such re-use is 

useful whether you are a novice to simulation or an experienced user. 
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-Software use and validation 
These quotes describe the perception of the users about how the components help the 

learning and use of the simulation software and other advantages that the use of components 
brings about. 

"Components simplify the understanding and the use of software" 
"Only minor changes were required for the templates to represent the process". 
"Since the components are pre-built, they eliminate errors". 
Important points to highlight here are the fact that modifying the components is seen as 

required, but easy to do and that by having a predefined element, a reduced validation and 

verification time is required. This line of reasoning ties in with the argument of verification 

and validation being built into the components by their constant re-use. (e. g. Aronson and 
Bose 1999) 

-Suggestions/ Criticisms 

This section illustrates either criticism expressed about the use of components or suggestions 
for improvement to the components. Each one of the comments will be discussed 

individually. 

"I suggest focusing the development of component for parts outside the manufacturing 

process" 

This user described the usefulness of the components outside manufacturing, particularly 
because the majority of simulation objects that are included as default in most modern 

simulators are focused on manufacturing and/or have manufacturing specific functions (an 

example can be a conveyor, present in most simulators). The user expressed the idea that 

then components could be used to tackle the lack of objects that can be used for the business 

process side of organisations.. 

"It may be confusing if you increase the number of templates" 
This is something that needs careful thought when escalating the component concept to 

include a larger number of components. A database with descriptions of what each 

component does, coupled with keywords (e. g. e-invoice, procurement) and an efficient 

search algorithm is needed if the concept is to escalate properly. An approach like the one 

proposed by Ball (1994) or Love and Barton (2003) can be explored. Further discussion on 

this issue is presented in Chapter 7. 
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"I suggest attach resources if necessary. " 

The use of resources is something that can increase the utility of the components. 
Depending on the type of process that a component deals with, different resources can be 

attached to it: People, computers, machines, etc. 

6.3.3 User testing discussion 

This section (6.3) described the testing of the components on users. The objective was to 

gather evidence of the perceived utility and usability of the components. Table 6.4 shows a 

summary of some of the characteristics of the different samples used in the user testing. 

Phase I Phase2 
Sample Size 31 8 
Pre-treatment questionnaire 
Familiar with template concepts 73.9% 100% 
Simulation confidence level (1 None at all, 5 Very 
confident) 

3.91 2.1 

Time of use of modelling tools (Average) 11.81 hours 6.85 hours 
Time of use of modelling tools (Mode) 2 hours 0 hours 
Post-treatment questionnaire 
Used components 43%* (86% of 

sample with 
components) 

87% 

Modified components (% of users who used them) 84 % 83% 
Found components useful (% of users who used 
them 

72% 83% 

Table 6.4 User testing: Comparison between Phase 1 and Phase 2 *NOTE: This figure was 

derived from the questionnaire and the free-text analysis. 

The two samples are different in terms of the previous experience in using simulation, with 

those in Phase I more experienced in the use of simulation software and more confident 

about the theory behind simulation. As can be seen in the post-treatment phase, despite this 
difference in background, the results of perceived utility and usability are similar for both 

phases. The uptake of the components is comparable in both samples. In addition, a big 

majority of both samples found the components useful. Another interesting finding from the 

user testing is that the users perceive the need to modify the components when using them to 

map the processes. This thesis argues that the components need to be modified to fit the 

particular case in which they are being used. A point worth making at this point is the idea 

of ownership of the model. It can be speculated that by modifying the components, the user 
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is taking ownership of the components and personalising the model, instead of accepting 

what is being prescribed. This point is only a conjecture and not something that this research 

set out to test, but that may be of interest for future research. 

Even though the samples are relatively small to be statistically significant, the results from 

the descriptive statistics and the qualitative data not only do not give cause for concern, but 

support the premises put forward on this thesis. 

6.4 Conclusions of the chapter 

This chapter has sought to test the components in a variety of settings. The components 

were tested for their feasibility, utility and usability, according to the criteria outlined by 

Platts (1993). 

First, the application of the templates to three new case studies was presented. This 

application showed that the components can be used in cases which are different from the 

ones from which the components were derived. These applications illustrated that people 

other than the originator can use the components. They also confirmed the value that users 

see in using the more structured approach provided by simulation. The users perceived that 

the decision making was more robust and that allowed the exploration of issues that had not 

been taken into account previously. This confirms the value of bringing together 

simulation, business processes and e-business. 

The use of the components in the different applications also showed the generalisability of 

the concept of components and served as a confirmation of the utility of the components in 

different contexts. It is acknowledged that the number of components created and tested is 

limited; however, this number is considered to be enough to prove that the concept of e- 

business process components is sound and useful when modelling e-business. 

The second part of the testing dealt with the perception of a bigger sample of users. This 

testing confirms the usability of the components and provides some interesting insights about 

how users see them. It was found that the majority of users found the components useful, 

citing time saving and ease of model building as the main advantages of having the 

components available. 
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The testing on this chapter has then proved the utility and usability of the components, not 

only on application in which the original authors of the components are involved, but also in 

situations in which users who had never seen the components are able to understand the 

concept and use them straight away. 

The evidence from this chapter helps also answer research questions 4 and 5. By using the 

components in further cases and on new users, I can confirm that re-usable components can 
be created from e-business templates and that they can be used in modelling c-business 

applications. 

The next chapter will present the discussion of the whole research process, from the setting 

up of a methodology for the creation of the components, the actual development of these 

constructs to their testing. It will also deal with evaluating the research according to the 

criteria established in Chapter 3. 
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Chapter 7 Discussion and Evaluation 

7.1 Introduction 

Chapter 4 presented the feasibility analysis of using simulation for the analysis of e-business 

implementation. Chapters 5 and 6 presented the development of constructs (templates and 

components for e-business) and their testing. This chapter presents the discussion of both 

the development process and the results. The chapter starts with a discussion of the 

findings, how these findings contribute to knowledge and practice and how they relate to 

current research. The chapter then continues by analysing the research quality using the 

criteria presented in Chapter 3. The chapter concludes with an analysis of the emergent 

literature in the field (i. e. work that emerged during the period of this research) and its 

relevance to the research topic. 

7.2 Discussion of findings 

This research set out to study the benefits that a structured modelling approach (specifically 

simulation) could bring to the analysis of the effect of c-business on business processes. The 

research questions that were set out were: 

1. Is simulation suitable as a tool to analyse the effect of e-business implementation in 
the business processes of manufacturing companies?. 

2. What is the role of static modelling in understanding change brought about by e- 
business, and can generic business process maps be a useful starting point? 

3. Can patterns be identified that characterise the e-business processes of 
manufacturing companies? 

4. Can re-usable simulation templates be derived from these patterns? 

5. What are the limitations, scope and range of applicability of these templates? and 
what methodology must be followed when using simulation in this context? 

7.2.1 Simulation for e-business processes 

The initial finding was that simulation does provide new insights into the analysis of c- 

business implementations (Chapter 4). The feasibility of using simulation for the analysis of 

e-business processes was demonstrated. The use of simulation provided a more complete 

analysis of the effects that c-business has on business processes. 
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The study of the use of simulation to analyse the changes brought about by e-business has 

brought out some results that were expected, but also some that were contrary to the initial 

expectation of the researcher. For example, one of the findings from the pilot case and other 

initial case studies was the fact that e-business was being used to automate processes, rather 

than as an opportunity to re-engineer and/or improve them. 

While carrying out the theoretical grounding and the case studies it was evident that 

simulation brings benefits to the analysis of e-business processes. Simulation allows the 

analysis of the dynamics of the system, presenting not only a snapshot of the process, but an 

understanding of how the introduction of e-business affects the actual running of the process. 

All the process owners were enthusiastic about the information that the simulation provided 

and about the ability to experiment in a safe environment. 

It must be said that in some cases the application of the simulation approach yielded more 

questions than the ones that the users initially had. This can be seen as a downside (i. e. they 

did not get a definite answer), but also can be seen as a positive effect by allowing a more 

comprehensive analysis to be carried out and to consider issues that had not been taken into 

account before. It is the argument of this research that the positive aspects outweigh the 

negative aspects. This is in line with one of the tenets of this research, namely that the 

implementation of e-business activities has to be thoroughly analysed before 

implementation. As has been shown, in some of the cases, this thorough analysis made the 

company realise that other issues needed to be addressed in order to take full advantage of e- 
business. 

7.2.2 Difference between BPS and eBPS 

An important distinction to make at this point is the difference between Business Process 

Simulation and e-Business Process simulation. E-business process simulation is seen as a 

subset of business process simulation. The differences between the approach used in this 

research and traditional business process simulation are: 

" Field of focus. So far, business process simulation has not focused on the analysis of 

e-business. This work is one of the first to look at the analysis of e-business within 

the business process simulation arena. 
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" E-business templates. The approach that was followed in this research was based on 

an initial static analysis of the processes to identify general patterns in e-business 

activities that can be generalised. Most traditional business process simulations have 

dealt with the application of simulation to specific cases, without extracting generic 

processes/activities. This research expands the body of knowledge in this area. 

" E-business components. As a consequence of the previous point, re-usable 

simulation components are proposed in this research. This is a novel approach in 

business process simulation, particularly at the level of aggregation (medium- 

grained) that this research proposes. 

" Error investigation. This research started to investigate the effect of introducing 

errors in the manual processes, comparing this with the reduction of errors that can 
be enabled by an e-business application. Error investigation is a topic that had not 
been studied in business process simulation and this research provides the 

foundation for further exploration of this issue. 

7.2.3 Analysis of existing process models 
The analysis of existing business process models showed that many did not take into account 

e-business activities. This analysis showed that there is value in using existing business 

process models to start mapping e-business processes, however, there are gaps that need to 

be filled regarding e-business. The proposed approach to fill these gaps was to look at case 

studies in which e-business is being implemented and extract the e-business activities from 

these processes. This led to the creation of templates (static representation of e-business 

activities) which in itself adds to the existing knowledge in the field. This contribution was 

then further extended by "operationalising" these templates into re-usable simulation 

components. During the development of these templates/components there was some 

confusion regarding the terminology used to describe these constructs. At the end, it was 

decided to use the template/component terms to describe the static/dynamic representation of 

the e-business activities. 

7.2.4 Development of e-business templates and components 

The use of the components has proved to be a good guide for people with limited knowledge 

of simulation. The availability of the components helped these users to feel more confident 

when using simulation software, particularly in the model building stage. This was 
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supported by evidence collected in the testing stage (Chapter 6), both from the case study 

users and from the two stages of the quasi-experiment. 

One of the potential drawbacks of providing components to help people build e-business 

process models is that of what happens after the models are built. Traditionally, model 
building is only a part of the simulation analysis. How to set the experiments and analyse 

the data is as important as model building. Accordingly, to exploit the full potential that 

simulation offers, the users of the components need to be instructed on how to decide the 

number of replications to be run, the meaning of confidence levels and how to carry out 

sensitivity analysis. However, even if this is not the case, there are benefits to using the 

components, either on a static way as complements to current business process frameworks 

or even as a single run analysis of the dynamic behaviour of the processes. 

An important issue of the simulation modelling of e-business is that, by virtue of needing to 

populate the model, a more detailed data collection needs to be carried out (compared with a 

simple static process model). This issue has its advantages and disadvantages. The 

advantages are that people start thinking about the process in a new way, understanding how 

each part of the system behaves by itself and how it contributes to the (dynamic) behaviour 

of the system. Having a full set of data that describes this behaviour should lead to better 

understanding of the system and hence to better decision making. On the other hand, 

collecting all this data may prove difficult or in some cases unachievable. From the (albeit 

limited) experience gained during this research, I can say that organisations are more likely 

to have process data about the manufacturing shop floor, but very limited or non-existent on 

the non-manufacturing activities of the business processes. This problem is compounded 

when analysing new, e-business processes, for which no data is available nor collectable. 

One way of jumping this hurdle is to get consensus between the process owners, together 

with people in the IT department, about what a sensible figure for the new process would be. 

A recommendation here is to be conservative when estimating the timings of e-business 

enabled activities. If when running this conservative estimate there are benefits to be gained, 

then it can be assumed that with more realistic figures the benefits would be increased or at 

least sustained. This is where traditional simulation techniques like sensitivity analysis come 

into play. 
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7.2.5 Level of complexity and use of simulation components 

A theme that emerged after discussing this research with process owners and other 

academics is the fact that the level of process complexity has an important role to play when 

using simulation to analyse the effect of e-business on business processes. It is thought that 

the biggest potential for the re-usable simulation component to be applied is when the 

process is complex and has a lot of interdependencies and non-linearity. Further research is 

needed to elucidate the exact level of complexity at which the use of component will bring 

the most benefit. 

7.2.6 Potential evolution of the approach 

As next step of this research, a super-set of component could be developed based on the 

components that have been created during this research (i. e. use the existing components to 

create an aggregate component). These super sets could be used to represent full blown e- 
business strategies or systems (e. g. workflow). However, I come back to the discussion of 

granularity and of at what level should components be created. One potential benefit of 
having a super-set of components created by using other components is that the original 

problem of having large-grained components is reduced by being able to modify, add or 

remove original small-grained components to customise the super-component. Some 

software tools developed in recent years have used this concept. For example e-SCOR 
(Gensym Corporation 2003) presents this type of hierarchical arrangement for supply chain 

modelling. 

7.3 Research Evaluation 

This thesis has taken us from the initial analysis of e-business process simulation, to the 

description of the research process, the construct creation and testing. To reach high quality 

research standards, it is important to critically assess several aspects of this research against 

the criteria of evaluation (Martinez 2003). Section 3.4 described a set of criteria for the 

evaluation of research quality, which are presented in (Martinez and Albores 2003c). The 

following section will describe how each of these criteria was fulfilled during the 

development of this research 

Did the 
Generic Criteria of Evaluation 'controls' Criteria identified in research fulfil 

this criteria? 
t The construct increases understanding Chapters 4,5 
t The construct allows predictions. Chapter 4,5 and ', ý. 
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6 
2 The construct is non-trivial Chapter 6 � 

3 
The construct includes attributes, variables, etc. Chapters 4 and � 5 

4 
Provides research boundary `scope of the 

' 
Chapter 5 � 

construct 
Rigour of the research methodology process 
a) shows proof of logical research methodology 
design 

5 b) Internal validity Chapter 3 � 
c) Construct validity 
d) External validity 
e) Reliability 
Contains evidence to support the construct 

6 a) Select relevant samples and cases Chapter 6 b) Provide sufficient evidence to substantiate 
the conclusions that have been drawn 

7 
Contribution to knowledge Chapter 4,5,6 / 

and 8 
Contribution to practice 

8 a) practical relevance Chapter 8 
b) practical functionality 

9 
Link existing theory with theoretical novelty of Chapter 2,5 � 
the construct 

10 
Application of the construct on other 6 Chapter 
environments 

Table 7.1 Research quality evaluation criteria (Martinez and Albores 2003b) 

The construct increases understanding. The proposed constructs should enhance the 

comprehension of existing knowledge and/or new knowledge by providing a logic and 

reasonable explanation of the phenomena. This thesis increased our understanding of how 

simulation, business process analysis and e-business can be combined in order to have a 
better analysis of what the implications of implementing e-business are. 

The construct allows predictions. Based on certain inputs, constructs should estimate or 

model different scenarios. The prediction that can be made at this high level is that a 

simulation analysis will give a better understanding of the changes that c-business brings. 

However, it could be argued that at a high level, the constructs and the concept (c-business 

simulation) being tested in this research do not allow specific predictions. However, at a 
lower level, the whole idea behind the research is to predict the performance of different e- 
business options. Therefore, the author thinks it is better to err on the side of caution and 

mark this criterion as partially achieved. 
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The construct is non-trivial. It refers that constructs should avoid the obviousness and 
bareness, although, this does not imply that constructs should be complicated. The constructs 
developed during this research work are filling a number of gaps in theory and practice that 

were identified in current business process models. These gaps and the 

templates/components developed to fill them were derived from a careful analysis of case 

studies and theory. The main construct/concept proposed in this thesis is also non-trivial 
because it brings three research strands together for the first time (simulation, BPR and e- 

business). 
. 

Provides research boundary (scope of the construct) Constructs should define their area of 

applicability by establishing the environment where it can make accurate predictions. The 

area in which the research was carried out was focused on business processes in 

manufacturing and service organisations. Within these organizations, the analysis was 

carried out focusing on the operate processes, and mainly the order fulfilment process. 

Chapter 5 presented the case studies which illustrate this scope. This research boundary was, 
however, expanded to test the applicability of the use of simulation outside the 

manufacturing operate processes (Chapter 6). 

7.3.1 Rigour of the research methodology process. 
The rigour of the research process is demonstrated through: 

7.3.1.1 Proof of logical research methodology design. 

It is concerned with the evidence that show a mastery research process, research protocol and 

a rational selection of research methods tools and techniques, which address the research 
issue (Sekaran 1992). This criterion was documented in Chapter 3: research methodology 

and is reflected throughout the thesis. This section (7.3) is part of this design and of the aim 

of have a clear methodology. Chapter 5 also demonstrated the use of a research protocol to 

analyse existent business process models and to develop templates and components from this 

analysis. 

7.3.1.2 Internal validity 

Internal validity is the extent to which the researcher can establish a causal relationship; 

whereby certain conditions are shown to lead to other conditions as distinguished from 
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spurious relationships (Easterby-Smith et al. 1999; Yin 1994):. Some of the techniques that 

were used to ensure internal validity in this project were: 

" Methodological triangulation was used by having case studies, interviews and 

questionnaires used to collect data and test the constructs. 

" Different respondents were used for the different phases of the testing. 

" Cross case analysis was carried out in Chapters 5 and 6, first for the development of 

templates and components and later for their testing. 

7.3.1.3 Construct validity 

Construct validity is concerned with the idea that the research design fully addresses the 

research questions and the research objectives (Thomas and Tymon 1982; Easterby-Smith et 

al. 1999: 41; Kasanen et al. 1993; White 2000: 25). The common techniques used to ensure 

construct validity are: triangulation of data (in my case data from primary and secondary 

case studies, interviews and quasi-experiments), use of different source of evidence, 

selection of multiple data collection techniques (In my case questionnaires, case studies, 
interviews, archival data), standard data reduction tools and enfolding theory. 

7.3.1.4 External validity 
External validity establishes the domain to which a study's findings can be generalised (Yin 

1994: 33). Multiple case studies were used to ensure external validity. These cases present 

different e-business scenarios, different industrial sectors and even different types of 

economic sectors (Manufacturing and Services). The nature of the development of the 

components means that replication logic is also used during this project, which adds to the 

external validity of the research. The analytical generalisation derived from the use of the 

cases support also the external validity. 

7.3.1.5 Reliability 

Reliability is the extent to which a study's operations can be repeated. It is also about 

consistency of research, and whether another researcher could use the same research design 

and obtain similar findings. The common techniques used to build reliability on the research 

are: implementation of controls to evaluate the research outcomes, use of case study 

protocol, pilot cases and use of standard databases (White 2000: 25; Sekaran 1992; Kekäle 

2001; Easterby-Smith et al. 1999: 41; Thomas and Tymon 1982; Sekaran 1992).. This 

research uses the controls presented in Section 3.4 to evaluate the research outcomes. A case 

study protocol was set-up in Section 3.3.2.1. This protocol was used in the pilot case study 
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presented in Chapter 4 and in the rest of the cases. Table 7.2 presents the mapping of the 

elements of the research rigour criteria. 

Link to 
Internal Construct External 

Stages Research Reliahilit>' 
Validity Validity Validity 

Questions 

i csearch kO I. ý. ý. 4 " McthodoIo icaI Selection (it N .A Ir. ill. in, ni. i 

and 5 triangulation multiple data ä11n u(ýuntruls 
[)esiý! n . 

collection 
(sec Chapter 2, ) techniques 

Theory 

Building 

RQ 1.2.3 Decomposition 

" Categorical 
Aggregation 

" lnte retation 

" Triangulation 

of'data 

- 

" Theoretical "I heoretical 

replication saturation 
logic Interpretation 

- Theory Rt1 1.4 &5 Covered in Research- - See data Follow a Case 
Data collection controls collection and Study protocol 

1 l'tillli and data Case Study as data analysis " Questionnaires 

analysis framework to stage Quasi- 
follow experiment 

_ 
Data 

-- R(_) 1-Ch4 - -- 
" Use of 

--- 
" Multiple " Use of " I. 'se of, case 

Rß)2 ch5 different evidence multiple case studs protocol 
Collection 

respondents " Replication studies " Pilot case 
RO3 Ch5 Use of logic. stud", 
RQ4 Ch5,6 stratified users. " Rey Teti of 

RO5 Ch6 questionnaires 
by other 
persons 

Data ItO I -Cho Cross-case Triangulation Analytical Standard data 

RQ2 Chs analysis of data I generalisation ý base 
Analysis Methodologica Explanation 

RQ3 Ch5 I triangulation building Some 
RQ4 ch5,6 Pattern statistical 

R(1S chýl matching logic ýýrnrralisatiým 

a \Iri aýr; rrl,, tnIl 
R() 

'kable 7.2 Methods, tools and techniques used to build ý alidith and reliability throughout this 

research. (Adapted from Martinez 2003) 

7.3.2 Contains evidence to support the construct. 

It is concerned with the support data or proof that fully address the research issue 'construct' 

(Kckäle 2001). This is achieved by: 

7.3.2.1 Selectii7g r"elei'ant samples crud cases. 

It is concerned with the quality of samples. Examples should rigorously test the icatures of 

the propose construct. 
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In building theory from case studies, Voss et al (2002) recommend case selection by using 

replication logic. i. e. cases should be selected to predict similar results (literal replication) or 

produce contrary results but predictable reasons (theoretical replication). Replication logic 

was used in this research to look for cases that had the implementation of e-business as 

common feature. Platts (1993) also argues that "the choice is between looking for 

consistency by trying to find similar types of company or looking to test the feasibility of the 

general process in a number of different situations". Both types of cases were used in this 

thesis. Similar types for confirmation (e. g. WaterCo, BottlingCo. ) and different cases to test 

the generalisabilty of the approach (e. g. CopierCo, ERPCo). 

7.3.2.2 Providing sufficient evidence to substantiate the conclusions. 

This is concerned with the quantity of evidence to support the construct. This issue not just 

addresses the sample size e. g. number of case studies, survey samples, etc. but also, the 
different methods used to test a construct within the same sample e. g. interviews, 

documentation, observation, etc. (Forza 2002; Stake 1995). Evidence is provided in this 

research by using a pilot case study (Chapter 4), development cases (Chapter 5) and testing 

cases (Chapter 6), in addition to samples from different types of users using quasi- 

experiments (Chapter 6). Multiple data collection methods were used during the cases: 
interviews, questionnaires, document analysis. 

7.3.3 Contributions to knowledge. 

The final objective in doing research is to make a contribution either to theory or practice or 

both by proposing something new, not known before the research. The contribution to 

knowledge underpins the development of constructs to simplify the understanding of the 

world and /or make predictions. 

The contribution to knowledge in this work can be classified as follows: The use of 

simulation in a new context (e-business) and the identification of gaps in current business 

process models when dealing with e-business. Modelling requirements for c-business and a 

methodology to extract e-business templates and components from case studies arc also 
identified as contribution to knowledge. Chapter 8 presents a more detailed discussion of the 

contributions to theory. 

7.3.4 Contribution to practice. 

The aim is to provide: 
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a) Practical relevance. i. e. provide important information. 

b) Practical functionality. i. e. provide something useful such as a tool, framework or 

process to simplify the understanding, or efficiently arrive to conclusions by saving time, 

making it easier, etc 
The contributions to practice were developed and tested in Chapter 5 and 6. c-business 

templates and components are constructs that have practical relevance and functionality. 

Feasibility, utility and usability were tested in Chapter 6. These constructs will allow 

practitioners to develop e-business processes simulation models more effectively and 

without the need of a simulation expert to develop the models. 

7.3.5 Linking existing theory with the theoretical novelty of the 

construct. 
It strengthens the research findings by supporting them with previous theories, and 

potentially it increases the importance of the research (Kasanen, 1993; Voss et. al, 2002). 

The novel approach of combining simulation, e-business and process re-engineering was 

built on previous research in the area of business process modelling and simulation. Chapter 

2 presented a detailed analysis of existing literature and how it supports this research. 

Section 7.4 also links the results of this research with emergent literature in the field. 

7.3.6 Application of the construct in other environments. 
The analysis of e-business process simulation was made originally in the manufacturing 

sector (Chapters 4 and 5). Chapter 6 presents the application of the concept of c-business 

simulation and the use of components in other areas (e. g. services). Further work in other 

areas (Tang et al. 2004) also show that the concept has been extended from its original 

company-centric approach to a wider supply chain analysis of c-business implementation. 

Finally, as was presented in Chapter 3, Platts (1993) argues that the main implications for 

research in manufacturing are: 

" the processes must link to existing frameworks; 

" there must be adequate empirical testing and verification of any proposed process; 

0 the results of the research must be relevant to the world of the practising manager. 

This research has demonstrated the links to existing frameworks and how this project 

extends the scope of those frameworks. Empirical testing was documented in Chapters 4,5 

and 6. This empirical testing dealt with the applicability of the concepts developed in the 
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research and with the perceptions of user about these concepts. Finally, the results of this 

research have provided evidence about the relevance of the constructs (particularly the 

components) for practitioners (Section 7.2) 

7.4 Emergent literature. 
While carrying out the research project and writing up the thesis, a number of new 

publications in areas related to this topic have emerged. The whole area of business process 

simulation has received attention from the research community, some of which are focused 

on e-business simulation or modelling. For example, Chen et al (2006) present an analysis of 

critical factors for the implementation of web services. They propose a simulation analysis 

to analyse the combination of these factors, although their approach is more akin to Monte 

Carlo simulation than a true, dynamic Discrete Event Simulation (DES) as proposed in this 

thesis. Madhusudan and Son (2005) describe an analysis of web services and "a simulation- 

based framework to guide scheduling of composite service execution. " They present a DES 

approach, but which is focused on the electronic transactions happening within the web 

services, rather than on the business process in which these web services are used. 

In the area of business process modelling (although not necessarily simulation modelling), 
Shen et at (2004) present a methodology for business process modelling based on a 

combination of IDEFO, IDEF3 and DFD models. However, these models are static and not 
focused on e-business. Doemer et at (2006) describe the application of Petri Nets and 

stochastic branch-and-bound techniques for the analysis of workflow systems. They 

conclude that "modelling and evaluation techniques are becoming essential features of 

workflow systems ... [which] keep any potential losses low by identifying critical 

subprocesses and evaluate appropriate measures". Greasley (2006) presents the application 

of DES to the modelling of business processes in the service sector. He highlights "the 

ability of simulation to proof new designs was seen as particularly important in a 

government agency where past failures of information technology investments had 

contributed to a more risk averse approach to their implementation". 

In applications which are closer to the research presented in this document, Gans et al (2005) 

present the use of simulation for "database-centric business process management", although 

the approach they describe is based on agent-based modelling and not on DES. Caridi et al 
(2004) introduce a case study of the use of DES for the analysis of c-procurement options in 
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a pharmaceutical company. They conclude that "the application of BPS techniques provides 

a guide for a rational study of the AS-IS processes and can give interesting insights for the 

assessment of TO-BE ones". Their study, however, it is typical of simulation studies 

reported in the literature in that they present a single case study without extracting 

generalisable simulation constructs from the cases. Likewise, Sharp (2006) depicts a model 

which is related to sourcing decisions in e-commerce. The method he proposes is a 

combination of Simple Multi-Attribute Rating Technique (SMART) methods, EFQM and 

other TQM methods. According to Sharp (2006), "the method proposed adopts a standard 

model for every business process with a very restricted number of inputs and outputs. " That 

is, simplifications of business processes are used to model the different sourcing options. 

This is an approach that has value for the analysis of static configurations and risk analysis, 

but which does not cover the dynamic behaviour of the system. Lastly, Mclao and Pidd 

(2006) present the development of a component library for business process simulation in a 

proprietary simulator (BPSim++). The components developed for this application are fine- 

grained (as opposed to medium-grained as in this research) and represent individual 

activities, rather than a collection of activities that represents a sub-process. 

Finally, evidence of the importance of business process simulation is the emergence of a new 

journal in the area (International Journal of Simulation and Process Modelling, Inderscience 

Publishers). This journal dedicated number 3 and 4 of its first volume to modelling and 

simulating business processes for e-business (Melao 2005). The research presented in this 

work was published in this special issue (Albores et al. 2005), together with applications 

ranging from the evaluation of supply chain business process improvement using simulation 

(Jain and Ervin 2005) to modelling of B2C c-business using system dynamics (Fang 2005), 

amongst other modelling applications not directly related to simulation. 

Another area in which emerging literature is to be found is the development of composition 

and templates for business process modelling. Some of these developments arc in the area of 

general modelling, with some reports focusing on simulation. Andersson et al (2005) present 

goal-oriented high-level processes and proposes using patterns to develop these processes. 
Danesh and Kock (2005) present initial evidence that implies that "using communication 
flow methodologies in the analysis stage should significantly help the design and the 

development processes". This communication flow methodology presented in their paper is 

akin to the simulation perspective of modelling. Nurcan et al (2005) present a static 

modelling approach that uses the concept of re-usable components at the strategic level. 
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However, some of the maps presented are at the operational level and incorporate a type of 

specialisation as described by Malone et al (1999), with the difference that all the 

specialisations are included in one map and do not constitute different components as it is in 

the case of Malone and the MIT business process repository (MIT 2000). 

After having a brief review of the literature that has emerged during the development and 

writing of this research, it is worth noting that most of these applications complement the 

research presented in this thesis and are not in direct competition to the concepts presented 
here. 

7.5 Conclusions of the chapter 
This chapter dealt with the discussion of the results of the research. It discussed the use of 

simulation of the analysis of e-business, the differences between traditional business process 

simulation and e-business process simulation, the lessons learnt during the analysis of 

current business process model, as well as the reflections from the development of c- 
business templates and components. 

The evaluation of the research against the quality criteria specified in Chapter 3 was also 
described. Indication of whether the criteria have been fulfilled and how they were fulfilled 

was presented, making cross-reference to other sections of the thesis for more detail. 

Next chapter will deal with the summary of the research and a retrospective analysis of the 

research process. 

151 



Chapter 8 Contributions and Conclusions 

8.1 Introduction 

The previous chapter presented the discussion of the points that emerged from the 
development and testing of e-business components for simulation modelling, analysing the 

overall research quality and its indicators. This chapter will summarise the findings of this 

research, focusing on the contributions to knowledge and practice and the supporting 

evidence for each one of them. The chapter will start with a revision of the research 

questions that were tackled during the research and to what degree an answer was found for 

them. Next, a detailed description of the contributions, their significance and impact is 

presented, as well as a summary of the supporting evidence for each one. Then an analysis of 

the future research streams that arose as result of this research is introduced. Finally, a 

retrospective analysis of the research process is presented, both from the point Of view of the 

research itself and also from a learning-to-do-research point of view. 

Figure 8.1 presents research map, illustrating the research process, including gaps, inputs and 

outputs of each stage. 
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Point of departure 
Lack of analysis before 

implementing e-business 

E-business 
Business Process Modelling and 

literature Management Simulation 
Literature Literature 

Research gaps 
1 Lack of understanding of impact of e-business on manufacturing 

companies. 
2 Manufacturing companies not taking advantage of e-business 

3 Lack of detailed but generic e-business process models for specific 
implementations of e-business 

4 Lack of simulation tools that can directly use such generic business 

processes as templates to create simulation models 

Research Question 
RQ1 Is simulation suitable as a tool to analyse the effect of e-business 

implementation in business processes? 

Research Quality Research Strategies 
Evaluation Criteria 1 Simulation 

2 Case study 
3 Secondary case studies 

Research Research Quality Criteria 
Methodology Research techniques and 

Literature tools 

E-business cases 
Modelling case 
studies. Primary 
and Secondary 

New patterns developed for 
e-business 

Research Questions 
R04 Can re-usable simulation components be 

derived from these patterns? 
RQ5 What is the usability of these components 

(limitations, scope and range)? 

Operationalise components in 
simulation software 

Requirements fore- 
business components 

Resource Research Task 

Output Main Contribution 

Pilot case study 

Business process 
simulation 
literature 

r 

Modelling Requirements 
fore-business 

business modelling 

/ Research Questions 
RQ2 .' I' "I 

can generic business process maps 
be a useful starting point"' 

RQ3 Can patterns be identified that characterise the e-business 
processes of manufacturing companies'? 

Primary research 
essesa a 

eins-business 
urrent 

\ 

processes against current BP 
frameworks 

Gaps in current models 
found 

Test Components in new 
primary case studies 

est feasibility, usability, 
and usefulness with 

users 

º 
Proved that components 

can be created 

Proved that components 
are usable and useful. 

New methodological 
º process for component 

development 

Additional learning: 
Change when implementing e-business is 

mainly on dynamics 

- Composition as a new trend in simulation 
For composition to work, there is a need for 
extensive documentation of components. 

Figure 8.1 Research Map 
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8.2 Research question review 
The research questions presented in Chapter 2 can be classified in three types: Feasibility 

questions, exploratory questions and scoping questions. The feasibility questions deal with 

testing the ideas and finding out whether the proposed research is one that can be done. 

Research Questions 1 and 3 fall in this category. Exploratory questions help to find new 

ways of looking at things. Research Questions 2 and 4 are of this type. Scoping questions 

are used to find the limitations and scope of the research. Research question 5 is of this kind. 

The research questions will now be analysed one by one, looking at the answer found 

through this research, the contributions to knowledge and practice and any other implications 

deriving from them. Figure 8.2 presents a mind map representation of the research questions, 

the contributions mapped to the questions and the chapters where these contributions can be 

found. 

8.2.1 RQ 1. Is simulation suitable as a tool to analyse the effect of e- 

business implementation in the business processes of 

manufacturing companies.? 

The answer to this research question is that simulation is indeed a suitable (if not 
indispensable) tool for the analysis of e-business processes. 

This question underpinned the whole ethos of the research and was the conditional for the 

continuation from the initial stages of the research. In order to explore this question, a review 

of literature was presented (Chapter 2), where the applicability of simulation to other areas 

close to e-business (such as business process simulation) were analysed and provided 

theoretical evidence of the potential of this approach. Chapter 4 presented a pilot case study 

carried out in order to test the feasibility of the project. The evidence suggests that 

simulation of e-business is possible. From the case study some challenges emerged as to the 

particularities of modelling e-business compared with other simulations. Another finding of 

this case study and the literature review is that for a majority of companies, the main change 
in business processes when implementing c-business is one of dynamics, rather than 

structure. This point confirms the usefulness of a dynamic approach like simulation to study 

this change. 
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8.2.2 RQ 2. What is the role of static modelling in understanding change 

brought about by e-business, and can generic business process 

maps be a useful starting point? 

Once the feasibility of the approach was established, the next step was to analyse the role of 

current business process models to see if they identify the differences between traditional 

and e-business activities. This question led us to map actual business processes against the 

activities presented in a series of business process models. Chapter 5 presents such mapping 

and concludes that current business process models do not faithfully represent e-business 

activities. These business process models, however, are a useful starting point for the 

identification of activities that can be affected by c-business and to identify the gaps that 

need to be filled. 

8.2.3 RQ 3. Can patterns be identified that characterise the e-business 

processes of manufacturing companies? 

From the gaps in the business process models identified in RQ2 and the mapping of case 

studies in which e-business is implemented, e-business patterns were identified in Chapter S. 

The answer is that there are activities that can be identified as generic of e-business 

applications and can, therefore, be used as templates for applications. This identification 

brought about the development of a methodology to define such patterns. Chapters 3 and 5 

present the reasoning behind this methodology. As part of this question, requirements for e- 

business modelling were also derived. 

8.2.4 RQ 4. Can re-usable simulation components be derived from these 

patterns? 

This question was answered in Chapter 5, where simulation components were derived from 

the templates and in Chapter 6, where the feasibility, usability and usefulness of said 

components was tested. As a result, it was proved that such components can be created and 

that they help the modelling of e-business processes in two counts: making model building 

speedier and providing a guide as to what a process may look like when e-business is 

introduced. 

While searching for an answer to this question, the level of granularity was also studied, 

coming to the conclusion that the best level of granularity for reuse of c-business templates 

was that of a component (i. e. medium-grained). From this question derives one of the main 
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contributions of this work: proving that simulation composition can be used to model e- 
business processes. 

8.2.5 RQ5 What are the limitations, scope and range of applicability of 

these templates? What methodology must be followed when using 

simulation in this context? 

This research question was discussed in Chapter 7. The limitations that were found in the 

use of components for e-business modelling are: 

" As the number of components increases, an structured way of retrieving the right 

one is needed. 

" Usually components need to me modified to apply them to each specific case. 

"A danger that emerges from the previous point is that by having a predefined 

structure, the user may want to force the process to that specified in the component, 

rather than adapting the component to the process. 

" At the moment the components developed cover only internal operations within a 

company. However, this work has provided a foundation to extend the work to intra- 

company processes (pan-supply chain), where the effect of e-business may be even 

evident. 
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8.3 Contributions 

Having analysed the research questions in the previous section, a more detailed description 

of the major contributions that emerged from this work and their significance and relevance 

to theory and practice is presented next. Figure 8.2 depicts these contributions in graphical 
form. 

1. Proved that simulation can be applied to the modelling of e-business processes. (See 

Chapter 4) The contribution here centres on bringing together three areas that had 

not been brought together before, namely simulation, e-business and business 

process management. The combination of these areas provides a novel way of 
looking at e-business and allows the quantification of its effects on overall 

performance in business processes. From a theoretical perspective this allows the 

opening of a new research area and the foundation of a more structured approach to 

e-business implementation. 

2. Modelling requirements for e-business. This research formalised the modelling 

requirements for e-business processes. This provided a theoretical justification of 

the use of simulation as the most appropriate methodology to cover these 

requirements. From a practical perspective, this contribution signals practitioners 

the areas that need to be considered when implementing e-business (e. g. dynamics, 

hierarchies, information and material flows, etc). (See Section 2.6, Page 22) 

3. Main changes when implementing e-business are on dynamics. It was found that 

most of the e-business applications studied were focused on automating existing 

business processes, rather than altering them in a significant way. This finding 

contradicts the commonly held view that the first thing to do when implementing c- 
business is to re-engineer the process. The fact that changes are mainly on the 

dynamics and not the structure of processes supports the use of a dynamic technique 

like simulation to analyse this change, proving that simple static process mapping 

cannot capture the full extent of e-business changes. (See Section 4.9). 

4. Identified gaps in current business process models. The contribution here centres on 

evaluating current business process models and finding that they have difficulties 

describing e-business activities. However, current business process models give an 
indication of where the gaps are and guide the creation of new e-business processes. 
From a theoretical perspective, it helps to focus research efforts in areas not covered 
by current process models. (Chapter 5, Page82) 
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5. Developed e-business process templates. As a consequence of the previous 

contribution, e-business activities were identified and formalised. Even though the 

number of templates developed is not fully comprehensive, this research has served 

a proof of the feasibility of the development process. (Section 5.4) 

6. Proved that composition is an appropriate way of operationalising the e-business 
templates. This contribution delves into reuse theory. Characteristics of the different 

reuse options are formalised and components identified as the most suitable form of 

reuse for e-business modelling. This provides relevance in theory since it is the first 

time that such approach is applied to e-business and to business processes in general. 
An extended contribution from this is the application of the composition concept 
(traditionally used in systems engineering) to simulation and the identification of a 

trend towards composable systems which are domain specific. From a practical 

relevance stand, composition allows faster and arguably better model building of e- 
business applications. This contribution facilitates the use of simulation for decision 

makers who are not expert modellers in their day-to-day job. 
. (Section 5.5 Page 93) 

7. Developed a novel methodology to create templates/components in e-business. This 

methodology uses what is denominated "sequential testing" for the development and 

testing of templates and components. By using a case study both as test bed and as 

source of new components, the research cycle is shortened, the number of case 

studies reduced and the verification and validation of the components improved by 

means of constant reuse and refinement. (Section 5.5 Page 94) 

8. Started study of error modelling. Error modelling had not been studied in the past in 

Business Process Simulation. This research started to analyse the effect of 

modelling human error when comparing manual transactions with electronic 

transactions (arguably one of the reasons to introduce e-business in the first place). 
It is thought that this is one of the areas in which simulation can bring benefits in the 

analysis of e-business application to business processes. (Section 5.5 Page 103) 

8.4 Future Research 

The future research streams that have been identified from this research are: 
1. Expanding the simulation of e-business to supply chains. Having proved the value 

of e-business simulation and composition, a natural step is to expand this approach 
from infra-company modelling to inter-company modelling. Indeed, some work has 

been started in this area (e. g. Albores et al. 2003; Ball et al. 2006; e. g. Tang ct al. 
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2004). New modelling tools have inbuilt capabilities that allow the creation of 

components. An example of this is e-SCOR, a supply chain simulator, based on the 

SCOR model which uses high-level composites to depict the roles proposed by the 

SCOR model, namely Plan, Source, Make and Deliver (Supply Chain Council 2002; 

Supply Chain Council 2005). There is a need, however, to develop low level 

mechanisms (including e-business activities) in order to represent all the range of 

activities, expanding capabilities currently representing strategic and tactical levels 

to include operational levels. 

2. Research the possibility of creating more complex components, including complex 

control systems like MRP. The research carried out in this work presented a few, 

relatively uncomplicated components. Future research is needed to explore the 

value of developing more complex components. Questions that may be asked are: 

Does increasing complexity reduce the value of creating components? Will this 

increased complexity hinder the use of the components by non simulation experts? 

3. Research the user perception of composition and investigate the relation between 

component developer and component user, investigating for example how pre- 

conceptions can affect the way that a component is built or for that matter 

interpreted. 

4. Investigate the best way to document, search and retrieve large numbers of 

components. What is the best way of dealing with a large number of components? 
5. Formalise the relationship between level of process complexity and benefits of using 

components. 

8.5 Retrospective analysis 
One of the aims of doing a PhD is to find something new and contribute to knowledge 

creation in the field of choice. Another objective (and some argue, the most important) is to 

learn how to do research, so that independently of the outcomes of the particular PhD topic, 

someone who is seen as worthy of the PhD initials is someone who knows how to carry out 

research, even if it is not in the original subject. Reflecting on past experience is one of the 

best ways to learn. Loughram (1996) cites Boud et al (1985) as saying: "Reflection is an 

important human activity in which people recapture their experience, think about it, mull it 

over and evaluate it. It is this working with experience that is important in learning". 

Accordingly, this section will describe a retrospective analysis of the work carried out, from 

the points of view of the research itself, but also looking at it from the "learning to do 
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research" process. The tone of this section will be more personal than the rest of the thesis, 

since it will deal with the reflective learning form the point of view of the author. 

8.5.1 The PhD process 

The research process has allowed me to learn a number of skills which will be useful in my 
future career. Using a mixture of both qualitative and quantitative research techniques 

allowed me to appreciate the differences between these two strategies, but also made me 

appreciate their complementarities. I feel that by mixing both approaches I have been able to 

develop a more rounded research. 

The step which I found of more difficulty was gaining access to case study companies. This 

was resolved with the help of my supervisors and contacts developed during my career. 

Ultimately, the set of case studies used is a good representation of different processes, 

industries and e-business applications, fulfilling the objective of the research. 

As with every project, with the "wisdom of hindsight", there are some aspects of the research 

which I would do differently and some which I would repeat if I had to do this project again. 
These are described below: 

Change: 

" Compress case studies: I probably would try to carry out the case studies in a shorter 

time-span. More frequent visits to the companies would enable a quicker cycle for 

each case, shortening the overall duration of the research. 

" Change the methodology to include three phases in the modelling task: pre- 

assessment, modelling (which was done) and post-assessment. I would add a post- 

assessment a few months after the initial intervention in order to learn from the 

implementation of the systems and how can this implementation feed back to the 

simulation methodology. 

" Involve more modellers: Reduce modelling bias towards personal preferences and 

modelling styles. In this case this was not possible because of the nature of the 

research (PhD). However, if I had the opportunity and resources, I would like to 

have more people involved in order to avoid personal bias and enrich the creation of 

components. 
Keep 
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" Sequential case studies. I think this approach proved to be beneficial to the research, 

allowing the use of a smaller number of case studies than if a normal case study 

protocol had been followed. 

0 Research quality criteria. Bring in earlier and set checkpoints at different stages. 
Having these criteria allowed me to check that the activities that I carried were 

aligned to fulfil one or more of these criteria. They also provided a guide when I got 

stuck deciding what to do next in the research process. 

" Write early. Starting to write early (e. g. conference papers) helped me to focus the 

project and made me be structured. This also allowed the work to be presented in 

conferences, where feedback was obtained and incorporated into the research. 

" Feasibility, utility and usability testing. Testing for these criteria allowed me to 

ensure that the constructs developed were applicable to real situations. Using quasi- 

experiments with samples of two different populations to test this is something I 

would repeat (I would do it with bigger samples next time). 

The results of this PhD research have been presented at conferences and journal papers have 

been written as follow up from the conference papers. A couple of these papers are presented 

in Appendix 8 (Albores et al. 2005; Ball et al. 2004) 

8.5.2 The learning process 
From a learning to do research perspective, the process of the PhD has been generally very 

enjoyable, albeit with a few painful moments interspersed with some periods of self-doubt. 

I was warned of this during the different research methodology courses that I attended (e. g. 

Strathclyde Business School and the EPSRC-sponsored Research Methodology workshop at 

Cambridge University). By having shared a number of the years with fellow PhD researchers 

at different stages of their research, I realised that it is quite normal to go through these 

periods, that the world was not conspiring against me and that computers breakdown not 

because they are evil, but because this happens sometimes. 

I was fortunate enough to be involved in a number of different research and consultancy 

projects during the duration of my PhD. These projects ranged from the writing of a Eureka 

proposal to the participation in a European Project with eight partners, to developing a 

research proposal in collaboration with two British universities, to different consultancy 

projects. Even if the negative side was that my own research was delayed as a result of this, 
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the experience gained and contacts made far outweigh this delay. During these projects I 

was exposed to different methodological paradigms, different ways of looking at things and 

the all-important contact with users/clients in the "real" world. This allowed me to be more 

open to alternative views. It also allowed me to gain working knowledge of how to manage 

projects, of the bureaucracy that sometimes is attached to the funding and most importantly 

on how to transform research results into publishable papers (e. g. Bititci et al. 2003; Tang et 

al. 2004; Albores et al. 2003). 

8.6 Chapter Summary 

This chapter presented the conclusions from the research. The research questions were 

revisited and their answers summarised. The contributions from this research were also 

outlined and described. As in any research, future research avenues were identified. Finally, 

a retrospective analysis of the research process and the learning process was carried out. 
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Appendix 1. Interview preparation notes 

Example letter of initial approach to companies 

Dear Paul, 

My name is Pavel Albores, and I am currently doing my PhD with Peter Ball and Jill 

MacBryde at the University of Strathclyde. My project is focused on studying how 

simulation can be used as an analysis tool for the implementation of e-business. The idea 

behind the project is that c-business brings changes to the dynamics of business processes 

and simulation is the tool that can analyse and quantify this changes before implementation, 

so you can have a better idea of what actions are required to cope with the change brought 

about by e-business. . 

The reason for contacting you is that Peter mentioned that you are planning to implement an 

ERP system and to extend this to support certain e-business functionality at CompanyCo.. I 

am at the moment looking for case studies for my research and I would like to explore the 

possibility of analysing your e-business implementation. 

The benefits for your company would be the detailed mapping of relevant current business 

processes, the analysis of e-business options and scenarios, the creation of a simulation 

models for the analysis of e-business and to be used in the future in other analyses. 

This project could be achieved quite quickly (two months). What I would need from you is 

access to the process and some of the people involved, in order to collect data to map the 

process and to populate the model. 

Initially this would be probably two visits per week for 2-3 weeks and after that 1 visit per 

week for 4 weeks. I would provide updates on progress week by week so that you can see 

early results from the work. Please let me know if you are interested. 

If you require more information, please do not hesitate to contact Peter or me. 
Thank you 
Best regards 

Pavel Albores 
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Formal proposal for companies 

e-Business Process Simulation 
Project Proposal 

Project Proposal 

To study different alternatives for the introduction of electronic commerce capabilities and 

their effect in the internal business processes. Amongst the benefits expected for the 

Company are: 

"A tool to analyse and quantify the outcome of different strategic options regarding e- 
business in the company 

" Understanding of the dynamics of the system. 
" Analysis of the interaction and effect of electronic transactions in the processes under 

study. 
" Comparisons of different alternatives to implement this change and select the most 

suitable according to pre-established criteria. 
"A tool to communicate and implement change. 

For the researcher, the expected benefits will be: 

"A better understanding of the needs of real-world companies. 
"A case study to apply the modelling framework developed in the research. 
"A source of research questions derived form the application of the case study. 

Justification 

Having the different options that e-business [e-tailing, e-marketing, CRM, e-supply chain, e- 

Fulfilment, Third party logistics (3PL), internet trading exchanges (ITE), e-procurement, c- 

Auctions, etc] presents to enterprises, it can become a daunting task to decide which one of 

them is better to apply, or if you decide to apply more than one, which one would be better to 

apply first. 

In order to help companies decide which option would be more beneficial for the business 

and which are the implications of selecting each option, I am proposing the use of simulation 

tools for analysing the effects of such decisions not only in the processes directly affected, 

but also in other processes across the whole enterprise. For example, implementing c-tailing 

will have a direct effect on the ordering process, affecting the number of sales people 
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dedicated to make contact with the clients and increasing the number of people dedicated to 

support clients. However, there is also an indirect effect on production plan strategies 
(maybe changing from make-to-order to make-to-stock or viceversa), stocking policies, etc. 

The idea behind the project is to analyse the traditional business processes (model the As-Is 

process) consider the e-business scenarios (i. e. B2B or B2C in any of the forms described 

before), take into account the strategic priorities and then, using simulation, analyse the 

dynamic interactions in the enterprise. Performance measures should be selected to compare 

the different options and study the internal effects (people, machines), the external effects 

(suppliers, subcontractors, distributors), as well as the implications in the planning and 

control system of the company. 

As a result of the project, I will come up with e-business process templates that can be 

reused in other implementations, thus saving analysis time and promoting a more confident 

adoption of e-business strategies. 

Methodology 

The project will be carried out in the following stages: 
1. Objectives definition. Specific objectives of the project taking into account the Company 

needs, available resources and timeframe. (Tool: Requirements Questionnaire Q1) 
2. Data collection. Process Cycle times, information routing, identification of triggers in the 

internal business processes, etc. (Outcome: Project Description PD1) 
3. Model construction. (Tool: Simulation Software) 
4. Experimentation. According to the defined objectives, experimentation and data analysis 

will be performed in this stage. 
5. Results and recommendations. Findings and recommendations will be presented to the 

company. (Outcome: Project Report PRI) 

Required Resources: 

Company: 

" Supply current process flows in agreed format. 
" User time in the modelling phase. ( workshop to adapt the Business process templates to 

meet the specific needs of the company) 
" User time in the verification phase (workshop to verify and validate the model) 
" Access for the modeller to follow the process in order to become familiar with it. 

Activity Responsible 
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Select modelling tools CSM 

Development of e-process templates CSM 

Provide current process flows Company 

Provide e-business options Company 

Workshop to customise templates to meet company's 

needs. 

CSM / Company 

Data collection CSM/ Company 

Workshop for verification and validation of the model CSM/ Company 

Experimentation and statistical analysis or results CSM 

Recommendations CSM 

Implementation of recommendations Company 

Remarks 

Involvement form the user at different stages of the model construction is desirable. The 

objective of this is twofold. First, reflect the process as accurate as possible and second, 

involve people in the design of the new system in order to create ownership and reduce 

resistance to change. 

Weekly advance reports and brief explanatory meetings will be conducted. 

The project will be conducted with the objective in mind of minimising the time taken from 

the users/sponsor. 

Initially, no investment will be required from the company, apart from the personnel time. 

However, if the company wants to continue using the simulation tools after the case study is 

completed, investment in the simulation software might be required. 
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Questionnaire for project definition 

SETTING THE OBJECTIVES 

" Identifying the problem 
Why is the project being considered? 

" E-business application 
at e-business application is being considered? 

What business areas will e-business affect? 

" Set the objectives 

Achievements 

Q To increase throughput 
Q To study working patterns 
Q To reduce average waiting time 
Q To understand the effects of breakdowns 
Q To compare scheduling strategies 
Q To select one method 
Q Other: 

Measurements 

0 By per cent 0 By minutes 

Constraints 

p With the current facilities 
p Within £ capital investment 
Q Without employing more labour 
p By only making improvements to the production schedule 
p In order to obtain per cent utilisation of facilities 

p While maintaining throughput level 
p Other: 

Objectives (what do you want to achieve at the end of the project? ): 
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" Rank the objectives 
St 

2nd 

3rd 

" Any further use for the model 

" Time-scale objectives 

" Level of visual display 

" Check for consistency 

EXPERIMENTAL FACTORS 

Identified methods by which the objectives of the project might be achieved 

Factors Levels Data Entry 
Q Changing cycle time Max Min 
0 Changing level of labour 
Q Changing buffer size 
D Changing conveyor capacity (related to buffer size) 
Q Changing schedule (production order) 
Q Changing lot size 
Q Other: 
Q Other: 
Q Other 

REPORTS 

Data type 
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Q Throughput (time-scale =) 
Q Machine utilisation 
Q Waiting time 
0 Staff utilisation 
0 Scrap 
Q Other. 
Q Other. 

Ways of reporting 

Graphs: 
Q Pie chart 
Q Time series 
Q Histograms 
Q Gantt charts 
Q Scatter diagrams 
Q Other. 
Q Other: 
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Q Q Q Q Q Q 
Q Q Q Q Q 0 
0 Q Q Q Q Q 
Q Q Q Q 0 Q 
0 0 0 Q Q Q 
Q Q Q Q Q Q 

SCOPE AND LEVEL OF THE MODEL 

What should be included in the model? 

How much detail should be modelled? 
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Appendix 2. Case studies maps against current BP models 

Water Co Case study 
Co. Activity Childe et al (Childe et al. SCOR %I IF(! IIIT 2000) 

1996) 
Order Arrives A 141 Manage customer MLI Receive, Enter & Obtain order 

quer-v Validate Order 
Order Arrives Receive order by tel 

Fax/Tel 
Order Arrives EDI Obtain order via 1: 1)I 

Capture order in Card 
Capture order in ERP Enter orders into production 
system and deliver ; PCF 4.2.2! 
Phone client to book- A14, Schedule delivery D1.3 Determine l)cliv er,, Schedule delivery activ irres 
in delivery time Date & 
Run hatch allocation A31223 Compare Reserve Inventory Enter order, commit resources 
process requirements to existing and launch Program : S('l3R 

schedule + A31234 Add D3.3 

order to main schedule 
POH hatch allocation A 143 Accept / release order Mx. 6 Release product to Release product tu deli er 
process (check which deliver ; SCOR Mx. i 
orders are ready to be 
dispatched) 
Assign haulier A322I Identify sources for D1.7 Select Carriers & Select supplier 

each item Rate Shipments 

Generate POH in A32222 Generate PO for Procurement Signal Place order using t'" n 
system bought-out items (Supplier) ? (output of' application 

S2.1) 
Print POH 
Fax POX Place order h\ tax 
Send POH Place order o\ er internet 

electronically 
Haulier picks order Dispatch customer order 1)1.99 Pick Product Pick product ; S('OR 1)Ia U; 
Haulier sends delivery D1.11 Recei\e & Verify Document deliver) of s rice 
note Product at Customer Site 
Generate invoice Dx. l3 Invoice and receive Invoice and receive payment 

payment : SCOR Dx. 13 ;% Invoice the 
customer ; Pt 'F 7.1.2: 

Send invoice 
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LabclCo case Study 

Co. Activity Childe et al (Childe et al. SCOR MIT (MIT 2000) 
1996) 

Receive enquiry Receive enquiry from Process enquiry 
customer 

Produce estimate Estimate process Calculate product process 
times! apply standard cost requirement 
rates 

Commercial review of Process enquiry and quote 
Review/oversee 

quote 
Update quote 
Send quote to A141 Manage customer Send quote 
customer query 
Wait for customer to Wait on customer 
decide 

Receive order Al 41 Accept/ release order M1.1 Receive. Enter & Obtain order 
Validate Order 

Pass Artwork to Develop preliminary design Customer provides 
origination specifications 
Check artwork,, A3123211 Check Drawing Conduct initial technical 
highlight issues & issue re\iew 
print 
Log order & create Identify process required I liter orders into production 
ordersec and delivery ; P('F 4.2.2 
Create method Generate process Finalize Ln; _inrcrin; g Develop product and process 

instructions desit! n 
Schedule delivery Compare requirement to Schedule manufacturing Schedule manufacturing 
date proof& job existing schedule activities SCOR M3.2 actisiues ; SCOR 1%13.2: 1 

Schedule prototype build 
Proof bag sent to 
origination 
Produce proof Des clop product to meet Develop prototype. I'CF 

specifications 3_2.5 
Send proof to Send physical object send 
customer information externally 
Approve proof & date Confirm with customer Approve Request Approve transaction 

Authorization 

Update order, produce 
job bag, print spec 
Order materials Obtain required items Source Bu\ rast materials 
Send Confirm order to customer Ioii inn specific service 
acknoH'ledi; en: ent to requirements for customer 
customer : I'('F 5.3.4; 
Pass updated job bag 
to planning 
Check specs and job 
bag 
Order tooling Issue work orders 
Run manufacture ***** ***** **** 

Despatch goods Dispatch customer order D1.9 Pick Product Pick product ; SCOR l)Ia. y 
Ship goods. Deliver product Load Vehicle Generate Load Vehicle Generate Ship 

Ship Does. \'erifv Credit Does. Verify Credit & Ship 
& Ship Product Product 
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VirtualCo. Casc study (Bosilj-Vuksic et al. 2002) 

Co. Activity Childe et al (Childe et al. SCOR MI F (MMI f 21)1111) 

1996) 

Identify a need Al Identify opportunities Identify needs or requirements 

2 Inventory level A31123 Check material P4.2 Inventory Provide information from 

checking availability Availability inventory 

3 Inventory level is 

sufficient? 

4 Reservation of A31231 Allocate material Dl 
.3 

Reserve Inventor 

goods & Determine Deli,. er 

Date 

5 Select items from 

the authorized c- 

buyinp catalogues and 

create requisition 

6 Requisition \ppro\ C 

approval 

7 Purchase order (PU) A32222 Generate PO for Procurement Signal fiend l. 1)I purchase order 

generation and bought-out items (Supplier) (output of 

transmission S2.1) 

f( Waiting for delivery Mx. ( Release product tu 

deliver 

9 Accepting delivery A323I Check goods against Procurement Signal \ rnty dielnerti 

note delivery note (Supplier) 

1() Filling in (output of S2. I 

acceptance slip 

(confirming 

acceptance) 

11 Aereement? 

12 Reject delivery A32323 Raise Reject note 

13 Inform purchase Intonnftltp: reite>It()rs phi 

dept. 
tri. eoill Public Act t\ Iiy as 

p? I D- 3 Q9 3 

I4Rcconciliation DI. `) Pick Product 

S Sending goods for A3233 Relocate Goods DI. I I Receise & Verify 

unloading Product at Customer Site 

16 Deliver S3.4 and S 
.5 

Recei\e Document delnerv of , cr\ ice 

acceptance and Verify product 

I7 Accepting invoice Receive invoice 
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18 Confirmine Dx. l, Invoice and rccci%e I'av against insuicc 

invoice for payment payment 

19 Creating, Authorize vendor payment 

transmitting and ; SCOR SO. 8; "I ransfer 

booking payment payment 

orders 

188 



Appendix 2A. Components user guide for Quasi-experiment 

In order to use the components, the user must follow the following procedure: 
1. Before using the simulation software 

a. Define the problem. 

b. Identify the process boundaries of the study. 

c. Identify the main activities involved in the process to be improved (e. g. 

Invoicing, Ordering, Purchasing, Receiving) or identify the potential e- 

business solutions to the problem. 

d. Search the component guide (See below) for the components that have 

activity or e-business application. 

e. List these components and rank according to their fit to the actual process. 
2. Using the simulation software 

a. Select the first chosen components from the Build toolbar or the component 

stencil 

b. Click and drag the component to the main Simul8 Window. 

c. The component should "unwrap" into the window. 
d. Analyse the process and modify to suit your process. 

C. If the component does not fit your application, select the entities, delete 

them and test the next component in the ranked list. Repeat from 2a 
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The component's toolbar. 

Components are called from the "Build toolbars" as shown below. 

In order to call a component, you have to click on the desired icon and then click in the part 

of the simulation screen where you want to place it. 

The templates loaded in the system are as follows. 

Icon Template 
Order Taking combining traditional an 
electronic orders 
Purchasing (send purchase orders) 

Order processing 

Invoicing 

Configure Order 

f Kanban 

Electronic Purchase Order 

Order Taking combining traditional an electronic orders 

This template combines both traditional manual order processing and orders that conic \ is a 

wcbsite or EDI. Orders are then combined and accumulated in a central database 
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Receive Eledrur Order 
0 

Capture or dC r manually Capture order in item ERP s'Yster^ 

, 11 

w 

Purchasing (send purchase orders) 

This process checks the system for purchase order to be sent, then a supplier is selected, 

order are captured in the system and printed and faxed or mailed to the customer 

Balchproces- purcl s: e orde Generale Purchase orders Pmt orders 
UO Select suppirer 000oFa, or rrd _, der 

LJ ý:, ý 

bklý 
Order processing 

Orders come into the system and arc either accepted, verified or rejected. 

Cancel order 
0ü 

® ööý 

. 
Accept Order 

00 

0 Order lot Dispatch 
00 

0ö0 ---'I I 

Correct Order 
00 
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rMLAR 
Invoicing 

A delivery note is tied to a picking note and an invoice is generated in the system. Inv oices 

are then sent to the customer by mail. 

Delivery note 
a 

11 

- netMe mvace 
0 

Pickng role 
0 

4r, I 

Configure Order 

Send mvdce 
ý00 

l_J V Ji0 

This is a high-level order fulfilment process. Orders arrive, a schedule i> created iiid paitý 

are manufactured and shipped. 

Custorner order 
RM by 

- .n 
ÖaÖ 

u 
Configure quote Create Schedile 

000 
ý0 

Menul$cture Strp 

ý0 
ü 

LJ Li 

F 
Kanban 

A single-tokcn kanban system. 

At 
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inn 

- 

Wark Gmte 3 Wk Cenlm 1 
0 

L. 7 
__. _. _.... ý. ý 

0 
//ýý 

. aj & 

K -w tokens work Certier 2 

  eoooooaoo0 

Its 

Electronic Purchase Order 

Similar to the normal purchase process, orders are sent to the customer via email or c-tax 

Generate Purchase orders Send Order Electronically 

0000%_. 
WiR 

--- --- 
+. 

193 



Appendix 3. Case studies process maps and simulation models 

Virtual Co. This is a secondary case study derived from application reported by Bosilj- 

Vuskic et al (Bosilj Vuksic et al. 2001) It describes the 

Invento 
Start I Identify a need 

2 Invechentory level 
level Is 

4 Reservation of End )4--d 
goods 

7 Purchase order 
14Reconciliation (P0) generation 

and transmission 

9 Accepting 8 Waiting for 
delivery note r delivery 

10 Filling in 

acceptance slip 11 Agreement9 15 Sending goods 
(confirming 

k--b- 

for unloading 
acceptance) 

13 Inform I1 12 Reject delivery 
purchase dept j` 

19 Creating, 

H 18 Con& ning 
End 

wtransmitting ldng pay paymandent booking Invoice for 

orders " nt 

5 Select hems from the 
authorized a-buying 

catalogues and create 
requisition 

6 Requisition 
approval 

16 Delivery 
acceptance 

17 Accepts g 
Invoke 
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Motor Co. 

This case study describes the supply chain of an automotive manufacturer. There are four 

echelons involved in the supply chain: the car company, the seat supplier, a third party VMI 

warehouse, and two suppliers of seat components 

This case study was modelled using a different simulation tool (Witness) from the other 

cases. The reason for this was that an initial model had been built in Witness and the 

complexity and nature of the system (heavy emphasis on manufacturing processes) made 

using this tool the best option. 

3 tier supply chain 
------------------------- Daily Call In (DCI) 

Daly 
Hlstoncal Data Available 

---------------------- 
Overlay 

End of Day - shows W iP In Jay.. 
processes to caculate what wn'. 

at the ASRS 
Historical data from 11th 

---------------------- 

------------------------ 
-------------------------- 

10 Types of CHR: 
CHR CC Dove 
CHR_CC HentageTan 
CHRCC Sand 
CHR_CC Warn, Charcoal 
CHR_CL Dove 
CHR CLHerdageTan 
CHR CL Ivory 
CHR_CL Sand 
CHR_CL WarnCharcoal 
CHR SL Red 

(CC=Classic Cloth , ___________ 
CL = Classic Leather Kanban loop 
SL = Sports Leather) I Quantity = 2R 

Cards In loop, ne 

not changes 
change 

r "" 1 days r:. +lýl 
r 

Blanket order 

BPCS system produces MRP schedule 
(based on DCI) 
Weekly (Wednesday evemr : 
Neat 5 days 5 weeks and f 
"" Hislc)ncnl ý]; Ila avai':. li: r" 

Jaguar 
Meýai BaOy 

pym i 
s'ý 

SWnprp Consvu[r nm Asswnplý 

ASKS 

Seats 
s deIr eves per shm by we on Front and rear 

- 48 seat sets per wagon according to TLS 

Lear - Seat Manufacturer 

QQQQQQ 13 oß Q 
w., s.. r 

Q 
13 , err S. e p 

A. -W, ö AsswnYy E3 

DOD QQoQQö 

1-am .... ,,. .',,. . ....,..., t_Bm 
system , _vs to mope p anel system 

Coglands warehouse 
and distribution 

or delivery: Kanban lo 

" sýý7"., "ý Twice dang 
Daly delivery deüvmy 

Central Head Rest Lear Nottingham - 
(CHR) Runner 

Manufacturer Manufacturer 
(Woodbridge) 

MRP 
??? fIRP system 

ry. rem for e-ha, <,. d-s 
product- based un holding 

I) days crock bused on usage 

TargetLaunch Sequence -------------------- 
(TLS) 

iinnuoua 011-1 gut to Leap When 

is nl ASNS sins iMOUgft 
' 

------------------------ 

------------------ 

6 Types of Runner. 
LH 2 way 
RH 2 way 
LH4way 
RH4 way 
LHBway 
RH6way 

------------ 

op for delivery: 
to ' 

.ý ýx km] xvxr y , fay t 

n.. ns s. ynArarn t 

Blanket order 
4 ----------- 

BPCS system produces MRP schedule 
(based on DCI) 

-f Inforrnation 
-0 Matenal/Parts 

I 

Use PVC supplier not sane leather supplier as Lear 
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13 

Fk Edt 'hew Model Elements Feats P KMow Mek1 

ß 61 a: Unit-, . +', Plo Selection - 
ý*ý V, 

f 

I.. 

HANUF1cvuoz 11 

t' !tM 

. .. r iut" a*. tbccin3Iýan liv 

U 00 
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BottlingCo. 

This case describes the manufacturing of water bottles. It is based on the case described by 

Ngai et al (2003) about a Chinese manufacturer 
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ORDERS 

Fill in new customer information sheet Receive order by phone wait for approval 0 ,\ 
Request approval 

Input data in customer files 00 

arýýtr .. it: ýKs 

Issue dispenser debit note Acquire sales figures Generate reports Trigger production 

21- 

rdkýý1i 
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E-releaser 

This case study is based on the work reported by Tatsiopoulos ct al (2004) 

Bar 
Code 

Mat AS-IS Model 
4% Cuet? nn r: CU819rner 

Order 14(W 
Receptor Pro6u n 

Winege Production 
Sio»1U. 

A221 Customer 
Order Custoanr DerNar 

upload to the ` Order DoW 

S:. nrer 
kirwoe* .. _ .: _ _. 

Customer NUT 
D r6 : ri 

A222 Order 
Speclhcatione 

Onr pf 
PmAUCIloe 

Processing dUIe MW. W GUNWif 

Empu*e (tetornx 
lern" 

Sut rntract A223 i "rder 
'F 'es 

Selection StAConvamnp 
SutV-ontrect Yl Pro od1cn ROOwflan 'rik16 Production 

A224 Planning and '"'our S_nedt" EmObyea 
ýminp 

1 

Scheduling 

P; bdur9in 
nrg 

A223 gubrL. ntrar. UOn R T oMy "ari 
ppker Orders 

-ý Releases 
PIýý]udlcn 

A22A In-house 
Pvnnry 

_ tr 
MavcW Produ"Kron 

pladudion 4 A227 

Plarvring 

ý_Wk+i1 

r ýneeto 
Cusrg'_. e" 

Copootrild" 

Opcrationalisation in Simul8 

ORDERS 

Vý o 
ýI 

u 
Customer upioad order 

Receive order by phone 

a 

0 

to server 
Customer order 

Osyec 
processing 

Se r5 coreractnp play rq and schedtAng oe RNease order Mrsre ore Shop 
0 
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Appendix 4 Pre-testing questionnaire 
Simul8 Simulation Assignment 

Name: 

In order to evaluate the progress during the course, we would like to explore the level of 

confidence and expectations for the simulation assignment. 

Please answer the following questions. 

4- 
o 
z > 

How confident are you 

1 2 3 4 5 

1. Understanding the theory behind simulation? 

2. Mapping processes in paper 

3. Using process mapping software (e. g. Visio) 

4. Differentiating business processes from manufacturing processes 
5. Learning to use new software? 
6. Using simulation software? 

7. Have you used any of the following simulation techniques? 

Spreadsheets 

Discrete Event Simulation 

Agent based Simulation 

Pre-assignment questionnaire. 

Queuing Theory 

Systems Dynamics Simulation 

Other: 

8. Have you used any of the following simulation tools? 

Arena Simul8 Witness 

Igrafx Process Simprocess Othcr: 
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9. If you have used a simulation tool/software, for how long? : 

10. Templates are pre-defined formats that allow you to create common applications or 
documents (e. g. CV templates in Word). Have you used templates in any of the following 

applications? 

Word Excel Access 

Simulation Software Webpage design Visio 

Handheld computer MS. Project 

11. Did the templates make the task easier? 
YES NO Not applicable 

12. Did the templates allow you to complete the task quicker? 

YES NO Not applicable 

Other: 

13. Were you able to use the templates directly or did you need to modify them? 
Directly Modified Not applicable 

14. Were the templates easy to modify? 
YES 

15. Any other comments? 

NO Not applicable 

201 



Appendix 5 Post-testing questionnaire 

Simul8 Simulation Assignment 

Post-assignment questionnaire. 

Name: Course: MSE/MsysE/MEM 

TBS 

Erasmus 

PostGraduate 

In order to evaluate the progress during the course, we would like to evaluate the learning 

experience gained from the Simul8 assignment. 

Please answer the following questions. 

o 
z 

a 
> 

How confident are you 

1 2 3 4 5 

1. Understanding the theory behind simulation? 
2. Mapping processes in paper 
3. Using process mapping software (e. g. Visio) 

4. Differentiating business processes from manufacturing processes 
5. Learning to use new software? 

6. Using simulation software? 

7. Did you use the templates provided for building of your simulation model? 

YES NO Not applicable 

8. Did the templates make the task easier? 
YES NO Not applicable 

Why? 

9. Did the templates allow you to complete the task quicker? 
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YES NO Not applicable 

Why? 

10. Did the templates make the process more explicit/easier to understand? 
YES NO Not applicable 

Why? 

11. In which other way do you feel that the templates were useful? 

11. Were you able to use the templates directly or did you need to modify them? 

Directly Modified Not applicable 

12. Were the templates easy to modify? 
YES NO Not applicable 

13. If you did not use the templates provided, what was the reason? 

Not relevant Confusing 

Not enough documentation for the The templates did not represent the 

templates processes under analysis. 
I like to build models from scratch 
Other: 

14. Do you think that you would have benefited from having more templates (e. g. for the 

manufacturing process) 

YES NO Not applicable 

15. Which element of the simulation did you find easier to build? 

Business process Manufacturing process 

Interface between business and manufacturing Control Rules 

processes 
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Why? 

16. Which element of the simulation did you find more difficult to build? 

Business process Manufacturing process 

Interface between business and manufacturing Control Rules 

processes 
Why? 

17. What suggestions do you have for the improvements of the templates? 

18. Any other comments? 
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Frequency Table 

Confidence understanding theory 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid A little 1 4.3 4.3 4.3 

Some 4 17.4 17.4 21.7 

Confident 14 60.9 60.9 82.6 

Very confident 4 17.4 17.4 100.0 

Total 23 100.0 100.0 

Confidence mapping processes 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not at all 1 4.3 4.3 4.3 

A little 2 8.7 8.7 13.0 
Some 10 43.5 43.5 56.5 

Confident 10 43.5 43.5 100.0 

Total 23 100.0 100.0 

Confidence using mapping software 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not at all 7 30.4 30.4 30.4 

A little 3 13.0 13.0 43.5 

Some 8 34.8 34.8 78.3 

Confident 5 21.7 21.7 100.0 

Total 23 100.0 100.0 

Confidence differentiating business and manufacturing processes 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid A little 3 13.0 13.0 13.0 
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Some 11 47.8 47.8 60.9 
Confident 7 30.4 30.4 91.3 
Very confident 2 8.7 8.7 100.0 
Total 23 100.0 100.0 

Confidence learning to use new software 

Cumulative 

Frequency Percent Valid Percent Percent 

Valid Some 6 26.1 26.1 26.1 

Confident 15 65.2 65.2 91.3 

Very confident 2 8.7 8.7 100.0 

Total 23 100.0 100.0 

Confidence using simulation software 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid 2.00 3 13.0 13.0 13.0 
3.00 7 30.4 30.4 43.5 

4.00 13 56.5 56.5 100.0 
Total 23 100.0 100.0 

Have you used spreadhseets? 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 23 100.0 100.0 100.0 

DES 

Cumulative 

Frequency Percent Valid Percent Percent 
Valid No 8 34.8 34.8 34.8 

Yes 15 65.2 65.2 100.0 

Total 23 100.0 100.0 
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Agents 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid No 23 100.0 100.0 100.0 

Queueing theory 

Cumulative 

Frequency Percent Valid Percent Percent 

Valid No 11 47.8 47.8 47.8 

Yes 12 52.2 52.2 100.0 
Total 23 100.0 100.0 

Systems Dynamics 

Cumulative 

Frequency Percent Valid Percent Percent 

Valid No 20 87.0 87.0 87.0 

Yes 3 13.0 13.0 100.0 
Total 23 100.0 100.0 

Number of simulation tools used 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid . 00 1 4.3 4.3 4.3 

1.00 17 73.9 73.9 78.3 

2.00 5 21.7 21.7 100.0 

Total 23 100.0 100.0 

Time that used simulation (Hours) 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid 1.00 1 4.3 4.8 4.8 

2.00 9 39.1 42.9 47.6 
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3.00 1 4.3 4.8 52.4 
4.00 2 8.7 9.5 61.9 

5.00 1 4.3 4.8 66.7 

6.00 1 4.3 4.8 71.4 
8.00 1 4.3 4.8 76.2 

20.00 1 4.3 4.8 81.0 
24.00 1 4.3 4.8 85.7 

48.00 2 8.7 9.5 95.2 

60.00 1 4.3 4.8 100.0 
Total 21 91.3 100.0 

Missing System 2 8.7 

Total 23 100.0 

Have you used templates? (how many applications? ) 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 4.3 5.9 5.9 

2.00 6 26.1 35.3 41.2 

3.00 3 13.0 17.6 58.8 

4.00 4 17.4 23.5 82.4 

5.00 2 8.7 11.8 94.1 

6.00 1 4.3 5.9 100.0 

Total 17 73.9 100.0 
Missing System 6 26.1 

Total 23 100.0 

Q11. Did the templates make the task easier? 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid No 1 4.3 6.7 6.7 

Yes 14 60.9 93.3 100.0 

Total 15 65.2 100.0 

Missing System 8 34.8 

Total 23 100.0 

Q12. Did the templates make the task quicker? 
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Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid No 3 13.0 20.0 20.0 

Yes 12 52.2 80.0 100.0 

Total 15 65.2 100.0 

Missing System 8 34.8 

Total 23 100.0 

Q13. Did you modify the templates? 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Directly 3 13.0 23.1 23.1 

Modified 10 43.5 76.9 100.0 
Total 13 56.5 100.0 

Missing System 10 43.5 

Total 23 100.0 

Q14 Were templates easy to modify? 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid No 2 8.7 18.2 18.2 

Yes 9 39.1 81.8 100.0 
Total 11 47.8 100.0 

Missing System 12 52.2 
Total 23 100.0 

Frequencies 

Notes 

Confidence using simulation software 
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Cumulative 

Frequency Percent Valid Percent Percent 

Valid A little 3 13.0 13.0 13.0 

Some 7 30.4 30.4 43.5 

Confident 13 56.5 56.5 100.0 

Total 23 100.0 100.0 

Frequency Tables. After treatment 

Confidence using simulation software 

Cumulative 

Frequency Percent Valid Percent Percent 

Valid Some 1 4.3 20.0 20.0 

Confident 3 13.0 60.0 80.0 

Very confident 1 4.3 20.0 100.0 
Total 5 21.7 100.0 

Confidence learning to use new software 

Cumulative 
Frequency Valid Percent Percent 

Valid Confident 4 80.0 80.0 

Very confident 1 20.0 100.0 

Total 5 100.0 

Confidence differentiating business and manufacturing processes 

Cumulative 

Frequency Valid Percent Percent 

Valid Confident 2 40.0 40.0 

Very confident 3 60.0 100.0 
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I Total 1 51 100.01 1 

Confidence using mapping software 

Cumulative 

Frequency Valid Percent Percent 

Valid Some 4 80.0 80.0 

Very confident 1 20.0 100.0 

Total 5 100.0 

Confidence mapping processes 

Cumulative 
Frequency Valid Percent Percent 

Valid Confident 2 40.0 40.0 

Very confident 3 60.0 100.0 

Total 5 100.0 

Confidence understanding theory 

Cumulative 

Frequency Valid Percent Percent 

Valid Confident 1 20.0 20.0 

Very confident 4 80.0 100.0 

Total 5 100.0 

Did you use the templates provided? 

Cumulative 

Frequency Valid Percent Percent 

Valid No 1 20.0 20.0 

Yes 4 80.0 100.0 
Total 5 100.0 

Did the templates make the task easier? 
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Cumulative 
Frequency Valid Percent Percent 

Valid No 2 50.0 50.0 

Yes 2 50.0 100.0 

Total 4 100.0 

Did the templates make the task quicker? 

Cumulative 

Frequency Valid Percent Percent 

Valid No 2 50.0 50.0 

Yes 2 50.0 100.0 

Total 4 100.0 

Did the templates made it more explicit? 

Frequency Valid Percent 

Cumulative 

Percent 

Valid Yes 4 100.0 100.0 

Q13. Did you modify the templates? 

Cumulative 

Frequency Percent Valid Percent Percent 

Valid Directly 4 17.4 100.0 100.0 

Missing System 19 82.6 

Total 23 100.0 

were templates easy to modify? 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 4 17.4 100.0 100.0 
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Frequency Pre-treatment Questionnaire 

Pre- Confidence understanding theory 

Freuen Percent Valid Percent 
Cumulative 

Percent 
Valid Not at all 2 25.0 25.0 25.0 

A little 1 12.5 12.5 37.5 
Some 2 25.0 25.0 62.5 
Confident 3 37.5 37.5 100.0 
Total 8 100.0 100.0 

Pre- Confidence mapping processes 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Not at all 1 12.5 12.5 12.5 

Some 2 25.0 25.0 37.5 
Confident 4 50.0 50.0 87.5 
Very confident 1 12.5 12.5 100.0 
Total 8 100.0 100.0 

Pre- Confidence using mapping software 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Not at all 2 25.0 25.0 25.0 

Some 3 37.5 37.5 62.5 
Confident 3 37.5 37.5 100.0 
Total 8 100.0 . 100.0 

Pre- Confidence differentiating business and manufacturing processes 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid Some 3 37.5 37.5 37.5 
Confident 5 62.5 62.5 100.0 
Total 8 100.0 100.0 
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Pre- Confidence learning to use new software 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Some 4 50.0 50.0 50.0 

Confident 1 12.5 12.5 62.5 
Very confident 3 37.5 37.5 100.0 
Total 8 100.0 100.0 

Pre- Confidence using simulation software 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Not at all 1 12.5 12.5 12.5 

A little 1 12.5 12.5 25.0 
Some 4 50.0 50.0 75.0 
Confident 2 25.0 25.0 100.0 
Total 8 100.0 100.0 

Have you used spreadhseets? 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid No 2 25.0 25.0 25.0 
Yes 6 75.0 75.0 100.0 
Total 8 100.0 100.0 

DES 

Cumulative 
Freuen Percent Valid Percent Percent 

Valid No 6 75.0 75.0 75.0 
Yes 2 25.0 25.0 100.0 
Total 8 100.0 100.0 

Agents 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid No 8 100.0 100.0 100.0 
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Queueing theory 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid No 6 75.0 75.0 75.0 
Yes 2 25.0 25.0 100.0 
Total 8 100.0 100.0 

Systems Dynamics 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid No 6 75.0 75.0 75.0 
Yes 2 25.0 25.0 100.0 
Total 8 100.0 100.0 

Number of simulation tools used 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid . 00 5 62.5 62.5 62.5 
1.00 3 37.5 37.5 100.0 
Total 8 100.0 100.0 

Time that used simulation (Hours) 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid . 00 5 62.5 62.5 62.5 

15.00 1 12.5 12.5 75.0 
20.00 2 25.0 25.0 100.0 
Total 8 100.0 100.0 

Have you used templates? (how many applications? ) 

Fre uenc Percent Valid Percent 
Cumulative 

Percent 
Valid 1.00 1 12.5 12.5 12.5 

2.00 2 25.0 25.0 37.5 
3.00 2 25.0 25.0 62.5 
4.00 1 12.5 12.5 75.0 
5.00 2 25.0 25.0 100.0 
Total 8 100.0 100.0 

220 



Q11. Did the templates make the task easier? 

Freuen Percent Valid Percent 
Cumulative 

Percent 
Valid Yes 8 100.0 100.0 100.0 

Q12. Did the templates make the task quicker? 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid No 1 12.5 12.5 12.5 
Yes 7 87.5 87.5 100.0 
Total 8 100.0 100.0 

Q13. Did you modify the templates? 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid Directly 4 50.0 50.0 50.0 
Modified 4 50.0 50.0 100.0 
Total 8 100.0 100.0 

Q14 Were templates easy to modify? 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid No 2 25.0 28.6 28.6 

Yes 5 62.5 71.4 100.0 
Total 7 87.5 100.0 

Missing System 1 12.5 
Total 8 100.0 
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Frequencies Post-treatment Questionnaire 

Post- Confidence understanding theory 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Not at all 1 12.5 16.7 16.7 

A little 1 12.5 16.7 33.3 
Some 2 25.0 33.3 66.7 
Confident 2 25.0 33.3 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

Post- Confidence mapping processes 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Some 2 25.0 33.3 33.3 

Confident 4 50.0 66.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

Post- Confidence using mapping software 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Some 2 25.0 33.3 33.3 

Confident 4 50.0 66.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 

Total 8 100.0 

Post- Confidence differentiating business and manufacturing processes 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid Confident 6 75.0 100.0 100.0 

Missing System 2 25.0 
Total 8 100.0 
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Post- Confidence learning to use new software 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Some 1 12.5 16.7 16.7 

Confident 2 25.0 33.3 50.0 
Very confident 3 37.5 50.0 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

Post- Confidence using simulation software 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid A little 1 12.5 16.7 16.7 

Some 1 12.5 16.7 33.3 
Confident 3 37.5 50.0 83.3 
Very confident 1 12.5 16.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

Did you use the templates provided? 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid Yes 6 75.0 100.0 100.0 
Missing System 2 25.0 
Total 8 100.0 

Did the templates make the task easier? 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid Yes 6 75.0 100.0 100.0 
Missing System 2 25.0 
Total 8 100.0 
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Did the templates make the task quicker? 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid No 1 12.5 16.7 16.7 

Yes 5 62.5 83.3 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

did the templates made it more explicit? 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid No 1 12.5 16.7 16.7 

Yes 5 62.5 83.3 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

Q13. Did you modify the templates? 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid Directly 1 12.5 16.7 16.7 

Modified 5 62.5 83.3 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

were templates easy to modify? 

Cumulative 
Freuen Percent Valid Percent Percent 

Valid Yes 6 75.0 100.0 100.0 
Missing System 2 25.0 
Total 8 100.0 
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Difference between Post and Pre Questionnaires for Questions I to 6. 
(Confidence level using simulation and mapping tools) 
There is evidence of growing confidence in mapping processes, using mapping 

software, differentiating between manufacturing process and business processes, 

and using simulation software. Not a big difference is perceived in the 

understanding of simulation concepts or learning to use new software. 

l. Understanding the theory behind simulation? 

DIFUNDER 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid . 00 5 62.5 83.3 83.3 

1.00 1 12.5 16.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

2. Mapping processes in paper 

DIFMAPPI 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid . 00 4 50.0 66.7 66.7 

1.00 1 12.5 16.7 83.3 
2.00 1 12.5 16.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

3. Using process mapping software (e. g. Visio) 
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DIFFSOFT 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid . 00 2 25.0 33.3 33.3 

1.00 2 25.0 33.3 66.7 
2.00 1 12.5 16.7 83.3 
3.00 1 12.5 16.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

4. Differentiating business processes from manufacturing processes 

DIFFDIFF 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid . 00 3 37.5 50.0 50.0 

1.00 3 37.5 50.0 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

5. Lcarning to use new software? 

DIFSOFTW 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid . 00 4 50.0 66.7 66.7 

1.00 1 12.5 16.7 83.3 
2.00 1 12.5 16.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 

6. Using simulation software? 
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DIFUSING 

Frequency Percent Valid Percent 
Cumulative 

Percent 
Valid . 00 2 25.0 33.3 33.3 

1.00 3 37.5 50.0 83.3 
2.00 1 12.5 16.7 100.0 
Total 6 75.0 100.0 

Missing System 2 25.0 
Total 8 100.0 
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Appendix 8 Examples of papers resulting from this research 
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