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Abstract 

The graduation project that is described in this report was performed at PricewaterhouseCoopers. The 

project is mainly concerned with the development of a quantification instrument, which is to be used to 
quantify the effects of changes to a set of business process control activities in the context of Internal 
Controls Optimisation Projects. It is expected that a suchlike instrument could become of great value to 
PricewaterhouseCoopers in the future, as the market for Internal Controls Optimisation services matures. 
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Preface 

This report describes the graduation project that I conducted at PricewaterhouseCoopers and which 

concludes my time as a student of Industrial Engineering and Management Science at the Eindhoven 
University of Technology. 

The graduation project is mainly concerned with the development of a first version of a quantification 
instrument, to be used in order to quantify the effects of changes to a set of business process control 
activities in the context of Internal Controls Optimisation projects. It is expected that a suchlike 
instrument could become of great value to PricewaterhouseCoopers in the future, as the market for 
Internal Controls Optimisation services matures. 

Overall, I experienced working on the graduation project as enjoyable and I am satisfied with its results. 
However, these results would not have been obtained without the support of a number of people, which I 
briefly mention below. 

In the first place, I would like to thank my colleagues at the business unit Systems and Process Assurance, 
both in Eindhoven and in Amsterdam, for making me feel welcome and thus creating a pleasant working 
atmosphere. 

Secondly, my gratitude goes to my coach at PricewaterhouseCoopers, Robert van Vianen, for he dedicated 
his precious time to providing me with the necessary guidance and information. 

Thirdly, I would like to thank my first and second coaches at the Eindhoven University of Technology, 
Monique Jansen-Vullers and Jan Goossenaerts, for their patience and for the critical reviews of the 
intermediate results, which certainly contributed to the quality of the eventual report. 

Most of all however, my gratitude goes to my parents and two sisters, without whose love and support I 
would have never been able to complete this project. 

Pepijn Maas 

January 2008 
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Management summary 

This summary provides a brief overview of the graduation project described in this report. The following 

parts of the project are consecutively addressed: the project's background and problem definition, the 
analysis phase results as well as the conclusions and recommendations that follow from those results, and 
the design phase results and accompanying conclusions and recommendations. In addition, although not 
discerned as a separate section, the research method employed in both of the project's phases is succinctly 
considered. 

Background and problem definition 
T he business unit Sys tems and Process Assurance (abbreviated SPA) is part o f PricewaterhouseCoopers' 
Assurance branch and provides both audit (in a broad sense) and consultancy services in the field of 
in ternal control, particularly within information technology intensive environments. 

Fairly recently, SPA introduced a new service area termed Internal Controls Optimisation (abbreviated 
ICO). The service area ICO is concerned with the identification, evaluation, and improvement of (part of) 
an organisation 's internal control system in terms of its effectiveness and efficiency in controlling the 
multitude of risks that the organisation is exposed to. 

Projects on the latter service area (termed ICO projects) are comprised of - as are all projects for that 
matter - a proposal phase (also denoted as ICO proposal process) and an execution phase. In the context 
of this report, an ICO proposal process is considered to start with the preparation for a client meeting that 
is focussed solely on the possible provision of ICO services, and to end before the po tential work is 
actually performed. Usually, the latter moment relates to the signing of the contract by the customer and 
additionally marks the start of the project's execution phase. 

In discussing the potential provision of ICO services with clients, PwC representatives are often 
confronted with the ques tion of how the advantages and disadvantages related to proposed changes in the 
organisation's sys tem of internal control will be measured or calculated. Since the ICO project method 
and accompanying supporting tools, which have been introduced recently, are qualitative in nature, PwC is 
currently unable to provide such insight. 
According to the company, it is no t performing optimally within the ICO proposal processes as a result of 
this recurring issue, since a certain number of ICO projects have been terminated while still in this initial 
phase. 

T herefore, PwC considers attempting to develop a so-called quantification instrument as a complement to 
the existing qualitative method and tools in the near future. 
A suchlike instrument would serve to provide more insight into the effects of proposed changes (both 
individual ones and the whole of them) in the set o f control activities that ought to reduce risks related to 
the work performed as part of a particular business process. In addition, the quantification instrument 
should do so in a way that is understandable to both everyone within PwC and the customer. 

The starting point for the graduation project described in this report is constituted by the following 
problem definition: 

Problem definition: 
A relativefy (relative to 1vhat should be possible) high number oJICO prqjects is terminated during their proposal phase. 

The latter problem is defined in the above way so as to validate the supposed cause-effect relationship 
between the quantification issue and the premature ending of ICO proposal processes, and in order no t to 
exclude o ther possible causes prior to a sound examination. 

Analysis phase 
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The main research question, which is derived from the above-defined problem and is answered through 
the research conducted as part of the graduation project's analysis phase, reads as follows: 

Are a relative/y (relative to what should be possible) high number of !CO prqjects terminated during their proposal phase? 

Analysis phase - results 
The main research question defined above is deemed to be comprised of four sub-questions. These sub
questions are described below, together with their answers. Remark that the latter answers are 
predominantly obtained through a high number of interviews. In addition, answering sub-question 3 
requires consideration of scientific literature. Furthermore, note that PwC decided that customers should 
not be involved. 

Research question 1: How significant is the problem defined before? 
In the first place, out of the total of eleven ICO proposal processes started until now, four did by no 
means result in an actual project. Three ICO proposal process initially ended prematurely, but were 
succeeded by successfully completed proposal processes at the same customer later on. 
Secondly, the possible problem's consequences are: 

• Loss of relatively many opportunities to create reference material. Thus far, six out of a total of ten 
opportunities were lost. This in turn results in relatively high probability of future reference material 
not being optimal. 

• Relatively much time is invested without financial compensation. Until now, around 21 1/2 hours were 
spent on ICO proposal processes that had no relation whatsoever with successfully completed ones. 

• Loss of relatively much revenue. Thus far, an estimated amount of between 80.000 and 1.000.000 
euros of potential revenues was lost. Yet, it is possible that the latter was compensated to a degree. 

• Relatively many opportunities for competitors to conduct ICO projects. Subsequently, this results in a 
relatively high probability of losing ICO market share on the long run. Until now, one of the 
unsuccessfully conducted ICO proposal processes resulted in a competitor performing the project. 

Research question 2: What variables potential/y influence the decision to either complete or premature/y end an !CO 
proposal process? 

The following variables are considered to be relevant: 

• Proposal process starting point: refers to a typology of ICO proposal process starting points 
according to the expected effort required to develop customer awareness of the ICO related issues. In 
addition, the reasons PwC had to assume momentum for a possible ICO project existed are included 
under the same heading. 

• Customer representatives involved: relates to the customer representatives involved in the ICO 
proposal process, classified into the standard categories of problem owner, decision maker, and 
influencer. In general, one would expect at least one or more decision maker(s) and problem owner(s) 
to participate. 

• Nature of relation between PwC and the customer organisation: chances of success are expected to be 
positively correlated with the closeness and duration of the relation between both organisations. In 
addition, specific issues with respect to this variable could be of influence as well. 

• Nature of relation between PwC and customer representatives involved: see previous variable. 

Reseanh question 3: What values did these variables have for both the untime/y ended and the continued I CO projects, and 
what caused the particular !CO prqjects to be terminated? 

Since none of the premature endings appeared to be related with the variables described before, and no 
salient differences with respect to these variable's value between the successfully and unsuccessfully 
completed ICO proposal processes were found, the table below only summarised the causes of 
termination for the seven untimely ended ICO proposal processes. Note that UE X stands for untimely 
ended ICO proposal process X. 
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Process I Cause(s) of termination 

UE2 
UE3 
UE4 

Research question 4: What pattern of causes can be distilled from the individual cases? 
No pattern of causes seems to underlie all of the premature terminations. However, two similarities can be 
observed. One relates to the customer deciding to perform the project itself (two cases), the other to the 
customer not wanting to embark on any additional projects in light of impending, comprehensive changes 
within its organisation (three cases). 

Analysis phase - conclusions and recommendations 
The analysis phase results presented above lead to the conclusion that the number of ICO projects that 
are untimely ended is not relatively high. After all, the improvement potential in each of the ICO proposal 
processes that were terminated prematurely thus far is minimal. 

Yet, two ways in which PwC's future performance in the ICO proposal process might be slightly 
improved can be derived from the similarities described at research question 4: 

• Turning untimely ended ICO proposal process 3 into reference material to be used in times to come, 
should PwC again be confronted with customers that consider performing an ICO project 
themselves. 

• Developing something like a SWOT analysis of a situation in which a customer is confronted with the 
opportunity to purchase ICO related services while expecting large-scale changes within its 
organisation. 

Design phase 
Although the supposed lack of quantification has in no way been shown to have had any direct influence 
on the premature ICO proposal process endings that occurred until now, incorporating quantification into 
ICO projects could well become of great value to PwC as the market for ICO related services matures. 
Therefore, the graduation project's design phase is focussed on contributing to the development of the 
quantification instrument introduced before in the two ways, as define below: 

Assignment definition: 
• Develop a characterisation of the redesign issue around which the kind of ICO project that 

qualifies for the application of the future quantification instrument evolves. 

• Design a first outline of the quantification instrument based on that characterisation. 

Design phase - results 
Fulfilment of the above-defined assignment is considered to result from the answering of three research 
questions. These research questions are described below, along with their answers. Remark that the latter 
answers are obtained primarily based on scientific literature. The answer to research question 1 is however 
discussed with PwC's Eurofirm representative with respect to ICO, in order to test its validity to some 
extent. 

Research question 1: What is the nature of the redesign issue that is central to the application of the quantification 
instrument? 

The nature of the redesign issue that is central to the application of the quantification instrument largely 
overlaps with that of more conventional business process redesign projects with respect to the 
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performance measures and accompanying performance indicators that are potentially affected. The main 
element on which the former issue distinguishes itself from the latter relates to the manner in which these 
measures and indicators are influenced, namely through - among other things - the extent to which risks 
related to the work performed as part of the process under consideration are mitigated. 

Research question 2: In what wqys could the quantification instrument's purpose be fu!filled, and which of those should be 
emplqyed? 

Some of the performance indicators that partly characterise the redesign issue that is central to the 
application of the quantification instrument do not depend on the operation of the process in question. 
Hence, they can be evaluated directly based on the system designs under consideration, although that is 
not straightforward for all of them. 
Yet, the majority of indicators are operations-dependent. Consequently, their computation requires the 
behaviour of the system under consideration to be examined. Tbis can be done either through 
experimenting with the system itself, or by experimenting with a model of that system. Furthermore, a 
suchlike model is either physical or mathematical in nature. 
In the context of the quantification instrument, the studying of the operation of a particular system can 
only be performed based on a mathematical model of that sys tem. Furthermore, performance 
computation based on suchlike mathematical models is expected to require simulation in most cases, 
although analytical techniques might be of use if the system in question is not too complex. 
Note however, that the effect of changes to the set of preventive controls on the likeW1ood dimension of 
the risks to which they pertain cannot be determined based on simulation. 

Research question 3: What specific steps should be completed as part of the instrument and how can that be done? 
As a result of the conclusions drawn on the nature of the redesign issue, a simulation study conducted as 
part of applying the quantification instrument is similar to regular process simulation studies to a 
considerable degree. Consequently, both types of studies require the same global steps to be completed. 
The main difference between a simulation study performed in the context of the quantification instrument 
and a more conventional one relates to the fact that risks need to be incorporated into the mathematical 
models in the former case. This difference primarily manifests itself in the steps that relate to the 
collection and analysis of data, and to the actual performance of the production runs . The latter is 
explained below. 

The materialisation of a particular risk is represented in a simulation model by the occurrence of the 
events with which that risk is associated. For each of those events, one needs to specify its occurrence
related uncertainty. Furthermore, an event can be accompanied by a so-called local impact (such as the 
magnitude of an individual information processing error), with respect to which uncertainty will exist as 
well. Both of the aforementioned types of uncertainties are aleatory in nature, since they are only 
quantified by probability distributions and not attempted to be reduced - should that be possible at all. 

However, since the concept of risk is associated with events that are relatively rare, the data that is 
required to specify a probability distribution (including parameter values) to represent these aleatory 
uncertainties, will seldom be available or collectable. Tbis results in considerable epistemic uncertainties, 
which are uncertainties about the true values of parameters, or the appropriateness of the structure or 
mathematical form of the model. In case the event properties with which these uncertainties are related 
can significantly affect simulation output results, they prevent the simulation model from being valid. 

In principle, the level of model validity - as far as related to the representation of the system's input 
processes - can be formally accounted for in the simulation study results. The latter firstly requires the 
relevant epistemic uncertainties to be quantified by probability distributions through Bayesian statistical 
inference. This is done as part of the step that relates to the collection and analysis of data. 
Subsequently, the actual production runs can be performed according to two distinct algorithms, which 
are termed the BMA-nested and BMA-simple approach. Only the use of the BMA-simple approach in the 
context of the quantification instrument is considered to be potentially feasibly at the moment. As part of 
the latter approach, the probability distributions that capture the epistemic uncertainties are sampled once 
prior to every simulation replication. 
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Yet, the BMA-simple approach also has some significant drawbacks, which mainly concern the potentially 
large amount of time that is consumed by the Bayesian inference process and the running of the 
simulation model due to the relatively large number of simulation replications required. Whether these 
drawbacks actually impede this approach's use in the context of the quantification instrument can only be 
determined by applying it to real-life cases. 

D esign phase - conclusions and recommendations 
From the above, it can be gathered that simulation based on the BMA-simple approach will be required in 
most situations in order to quantify the effects of changes to a set of business process control activities. In 
that case, the application of the quantification instrument might well become time-consuming (as is 
corroborated - to some extent - by a case study performed to illustrate the first version of the 
instrument). Yet, this is not the only potential problem associated with the latter approach. 

Recall that the quantification instrument should not merely enable quantification of the effects of changes 
to a set of process control activities, it also ought to do so in a way that is understandable to both 
everyone within PwC and to the customer. As stated before, the nature of the redesign issue is such that 
simulation is probably needed in most situations to fulfil the quantification instrument's purpose. Since 
performing a simulation study requires specific knowledge of math, statistics, and computer science, the 
attainability of complying with the aforementioned requirement is questionable in itself. Adopting the 
BMA-simple approach significantly adds to the complexity of applying the instrument. 

Based on the aforementioned, it is considered highly unlikely that simulating according to the BMA
simple approach will be practicable in the context of the quantification instrument. Therefore, PwC might 
consider using the instrument only to obtain a rough sense of the effects of changes to a set of process 
control activities, instead of attempting to perform a full performance analysis from which statistically 
justifiable conclusions are to be drawn. A suchlike approach would soften demands on model validity, and 
could still provide enough insight into the potential benefits of ICO services. 
In addition, the problem of having to specify the aleatory occurrence-related uncertainty associated with 
events could be circumvented by using simulation solely to illustrate the effects of the materialisation of 
single risks, i.e. single event sequences, without considering that risk's likelihood dimension. 
It ought to be noted however, that developing valid simulation models to determine the effects of changes 
in resource consumption related to the execution of detective control activities that are part of the regular 
process flow, may well be possible in a high number of situations. 

Furthermore, a number of recommendations are presented below. 

In the first place, the first version of the quantification instrument developed as part of the graduation 
project should be enhanced through future research on: 

• The potential use of analytical techniques, which is not addressed in this report. 

• The consequences of different levels of risk control effectiveness when considering risk and control 
from an information processing and supply perspective. 

• The collection of generic data on the probability or frequency of occurrence and the possible local 
impact of events that are associated with commonly encountered risks. In particular, PwC might 
consider adopting a method similar to those used in the field of human reliability assessment, which 
could allow for an approximate consideration of the effects of changes to the set of preventive 
control activities on the likelihood dimension of the risks to which they pertain. 

• The specification of prior distribution functions, which constitutes part of the Bayesian inference 
process, and the potential dependencies between different aspects of risk-related events, in case PwC 
decides to further explore the use of the BMA-simple approach or Bayesian inference in general. 

Secondly, the further development of the instrument is to be supported by its application to real-life cases, 
so as to validate the feasibility of its use and identify opportunities for improvement. 

Finally, PwC should consider designing generalised versions of conceptual models and accompanying 
simulation models in order to make the use of the quantification instrument less time-consuming. 
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Chapter 1: Introduction 

This report describes the graduation project that was conducted at PricewaterhouseCoopers, and ts 

organised as follows. 

In the first place, information on PricewaterhouseCoopers (on both a national and an international level), 
its main competitors, and the business unit Systems and Process Assurance is provided in chapter 2. 

Secondly, chapter 3 contains a description of a number of the graduation project's fundamental concepts, 
goes into the project's origin, discusses the general structure of an Industrial Engineering and 
Management Science graduation project, and defines the problem that constitutes the project's starting 
point. 

In the third place, both the research method employed and the research results obtained during the 
graduation project's analysis phase is covered in chapter 4. 

Fourthly, chapter 5 is concerned with the diagnosis of the problem that is defined in chapter 3. 

In the fifth place, both the assignment definition on which the project's design phase is based, and the 
research method used during the latter phase is explicated in chapter 6. 

Sixthly, chapter 7 contains the results that followed from the research conducted as part of the graduation 
project's design phase. 

Furthermore, an overview of the project's main conclusions and recommendations is provided in chapter 
8. 

In addition, a number of appendices containing information that is complementary to the remainder of 
the report are included. 
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Chapter 2: Company description 

As stated m the introduction, this chapter contains succinct descriptions of respectively 

PricewaterhouseCoopers international, the company's Dutch branch, PricewaterhouseCoopers' main 
competitors and the business unit Systems and Process Assurance. The latter includes general information 
on the field in which Systems and Process Assurance operates, as well as a more in-depth consideration of 
the service area that is most relevant to the graduation project. 

Section 2.1: PricewaterhouseCoopers international 

PricewaterhouseCoopers - named PwC in the remainder of this report - is a multinational concern 
providing accountancy and advisory (i.e. professional) services, which is comprised of a global network of 
distinct, independent organisations in 149 countries (771 offices) and a total number of employees topping 
140.000. The independent national entities are united through their membership of PwC International 
Limited Ltd., domiciled in the United Kingdom. This membership creates both prerogatives and 
obligations. On the one hand, members are allowed to use the name PwC and employ the knowledge and 
other resources that are shared through the worldwide network. On the other hand, affiliates are bound 
by certain standards and procedures. 

Table 1 below contains an overview of net revenues over the last few fiscal years, calculated on the basis 
of the average exchange rates over those respective years. As can be seen from this table, the absolute 
figures show an upward trend, while growth seems to have declined over fiscal year 2006. It should be 
noted however, that the significance of suchlike conclusions is severely restrained by the limited amount 
of data. The same goes for similar statements regarding comparable tables included in this document. 

20,8 19,0 16,3 14,3 

9,5 20,2 14,0 n.a. 

Table 1: sales figures ef PwC international 

Regarding the type of service provision, PwC internally (and - per country - also legally) discerns the areas 
Assurance, Advisory, and Tax, with Assurance representing the largest part of total global net revenues 
with 54,4% (over fiscal year 2006), versus 21,1% and 24,5% by respectively Advisory and Tax (again over 
fiscal year 2006). 
The Assurance division logically encompasses - among other things - PwC's auditing activities. Advisory 
covers areas such as performance improvement, crisis management, human resource services and 
transactions. The Tax division engages in activities in fields such as the planning for and compliance with 
local and international tax laws and transfer pricing. This subdivision into focal areas may vary slightly 
across certain territories however. 

The present Advisory branch was founded - as an independent entity - at the end of 2004, which marked 
PwC's return on the consultancy market after selling PwC Consulting to IBM in October 2002. Both the 
split of PwC Consulting from the Accounting division (which initially formed a unity) in June 2002 and 
the aforementioned sale were a direct consequence of the increasing pressure to avoid conflicts of interest 
- by not providing consulting services to audit clients - to which PwC was subjected from the beginning of 
the millennium in particular. This pressure originated from America, but spread to the rest of the world 
rapidly (though not directly in a legislative form) and was caused by stringent rules on - and growing 
concern over - auditor independence imposed by the United States Securities and Exchange Commission 
(SEC), as a means of administering the Sarbanes-Oxley Act (SOX, in which auditor independence is just 
one of many topics covered) that was adopted by the United States Congress in July 2002. Public concern 
as well as law and regulation were sparked off by a number of major accounting scandals, particularly 
those at E nron (2001) and Worldcom (2002), which led to the collapse of the accountancy-consultancy 
firm Arthur Andersen that had part in the fraud. 
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Aside from the division into Assurance, Advisory and Tax, the organisation is specialised according to 
industry, as far as one can discern relevant areas of branch-specific expertise. In practice, this has resulted 
in the following categorisation, with each category being directed by an industry leader: 

• Consumer and Industrial Products (CIPS) 

• Energy, Utilities and Mining (EU&:M) 

• Financial Services (FS) 

• Technology, Information and Communication, Entertainment and Media (TICE) 
However, the classification above is only applied to the so-called Public Interest Entities (PIE) segment, 
which mainly consists of organisations that are quoted on a stock exchange. Two other segments are 
distinguished on that same level, namely: 

• Private Companies, or Middle Market segment - comprised of companies that are not quoted on a 
stock exchange. 

• Public Sector segment - made up of governmental organisations, semi-governmental organisations 
and the healthcare sector. 

While responsibility for managing the relation of the company to the market in the PIE segment is 
assigned to the industry leaders, office leaders are accountable on the last-mentioned area in the Private 
Companies segment (because firms within that segment exhibit a relatively high geographical 
concentration). 
The whole of PwC's clientele is characterised by a large diversity in terms of size (ranging from regionally 
focused companies to multinationals), nature (organisations from all industry sectors (primary, secondary, 
tertiary and quaternary)) and operating branch (aerospace and defence, automotive, chemicals, real estate, 
metals, pharmaceuticals, etcetera). 

Finally, in order to facilitate the notion of auditor independence, PwC distinguishes between so-called 
Channel 1 and Channel 2 clients, a classification that is particularly relevant to the PIE segment due to 
relatively stringent regulation. Channel 1 clients are companies which are legally compelled to be subjected 
to an audit and for which PwC functions as an external auditor. Channel 2 clients are organisations that do 
not meet the Channel 1 criteria. While the additional consultancy services that PwC can provide to 
Channel 1 clients are severely restricted by applicable laws and regulations, the entire spectrum of available 
advisory offerings can be conducted at Channel 2 clients. 

Section 2.2: PricewaterhouseCoopers's Dutch branch 

PwC's Dutch branch has a total of 19 offices in 18 cities and employs something over 4.500 people. Net 
revenues have increased over the preceding six fiscal years, as can be seen from table 2 below. 

Fiscal year 2006 2005 2004 2003 2002 2001 
Net revenues 

654,8 626,3 583,2 573,3 549,8 534,4 
(millions of euros) 
Growth rate 

4,6 7,4 1,7 4,3 2,9 
(% w.r.t. preceding year) 

n.a. 

Table 2: sales figures of PwC 's Dutch branch 

The judicial structure of the organisation - as already partially described in the prev10us section - 1s 
depicted in appendix A. 
Besides being a member of the organisation PwC International Limited Ltd., the holding PwC Nederland 
B.V. (see appendix A) is - in a similar manner and like a large number of other European divisions -
affiliated to the company PwC Eurofirms, domiciled in Belgium. This cooperative partnership with limited 
liability has been founded to facilitate the service provision to clients through stimulation of collaboration 
between European branches. Total net revenues over fiscal year 2006 equalled 4,5 billion euros. 
Furthermore, a difference in nuance exists with regard to the division into lines of service between the 
internationally propagated standard and the situation within the Dutch branch, in that human resource 
services activities are part of the Tax division in the Netherlands. Therefore, the Dutch division 
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distinguishes between Assurance, Advisory and Tax & Human Resource Services. Logically, these service 
areas are subsumed under the respective partnerships PwC Accountants N.V., PwC Advisory N.V. and 
PwC belastingadviseurs N.V. (confer appendix A). Apart from the three aforementioned lines of service, 
PwC Netherlands discerns a fourth one named Firm Services. However, this division solely exists to 
support the other three in several fields and does not relate to any external customers. 

Section 2.3: PricewaterhouseCoopers' main competitors 

PwC's main competitors, at least on an international level, are Deloitte Touche Tohmatsu, Ernst & Young 
and KPMG, all of which can be considered similar to PwC with respect to organisational structure and 
core activities. Each of them is described in appendix B in terms of some key figures, in order to roughly 
establish their relative size. 
When comparing the figures depicted in the latter appendix with those of sections 2.1 and 2.2, PwC 
appears to have been the largest company worldwide over the past three years - in terms of (net) revenues 
- and in addition employed the largest number of people during fiscal year 2006. 
Over the fiscal year 2006, differences between the four competitors with respect to (net) revenues of the 
respective Dutch branches were fairly small, while Deloitte's Dutch division forms the only notable 
(upward) deviation from average regarding total number of employees. 
Finally, all four competitors exhibited growth in (net) international and national revenues over the fiscal 
years depicted in the tables, with the exception of Deloitte's Dutch branch. However - in some cases -
growth rates varied considerably from year to year. 

Section 2.4: Systems and Process Assurance 

The business unit Systems and Process Assurance (named SPA in the remainder of this report) is part of 
PwC's assurance division, exists - in its present form - from December 2004, and provides both audit (in a 
broad sense) and consultancy services in the field of internal control, particularly within information 
technology intensive environments. Over the fiscal year 2006, SPA generated 28 million euros of net 
revenues, a growth of 48% compared to the preceding year. 

Activities on the area of internal control over financial reporting in particular have boomed over the last 
few years under the influence of the large accounting scandals (that were brought up previously), resulting 
in the creation and sharpening of rules and legislation for - as well as stricter supervision on (notably) -
companies that are quoted on a stock exchange. 
A highly important legislative example in this context is the United States' SOX act of 2002, of which 
sections 302 and 404 pertain to the area in question. These sections compel firms, among other things, to 
include in their annual report an internal control report, in which management's responsibility for 
establishing and maintaining adequate internal control over financial reporting is explicated. In addition, a 
suchlike report needs to contain an assessment - conducted by management - of the effectiveness of the 
latter part of the company's system of internal control. The outcome of that assessment is required to be 
positive. Furthermore, each registered public accounting firm that prepares or issues the audit report for 
the organisation in question, is enforced to attest to and report on the last-mentioned assessment in 
accordance with certain standards. This attestation is not allowed to be part of a separate engagement 
between both. 

The majority of companies, accounting firms (including PwC), and legislative bodies use the theoretical 
framework on internal control developed by The Committee of Sponsoring Organisations of the 
Treadway Commission (abbreviated COSO) as a standard regarding the definition of the concept. In 
addition, the latter framework is accompanied by relatively practically oriented volumes, such as those on 
application techniques and evaluation tools, which serve to support the development, implementation, and 
evaluation of an organisation's internal control sys tem. 
COSO (1992) defines internal control as follows : 

"A process, effected qy an entity '.r board of directors, management and other personnel, designed to provide reasonable 
assurance regarding the achievement of oqjectives in the following categories: 
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• Effectiveness and effidenry of operations. 
• Reliabiliry of financial reporting. 
• Compliance with applicable laws and regulations" (page 9). 

Furthermore, that same organisation issued another framework in 2003, which evolves around the no tion 
o f enterprise risk management (abbreviated E RM) . E RM encompasses the concept o f internal control and 
is defined as: 

"A process, ejfeded ry an entiry s board of directors, management and other personnel, applied in strategy setting and across 
the enterprise, designed to identijj potential events that m'D' affect the entiry, and manage risk to be within its risk appetite, to 
provide reasonable assurance regarding the achievement of entiry oijectives" (CO SO (2003), page 6). 

The latter objectives are set forth in four categories: 

• Strategic objectives (high-level goals, aligned with and supporting the entity's mission). 

• Operations objectives (effective and efficient use of resources). 

• Reporting objectives (reliability o f reporting) . 

• Compliance objectives (compliance with applicable laws and regulations). 

Some more information on the notion o f ERM is provided in appendix C. 

In the con text of the concepts o f internal control and thus of E RM, information technology systems are 
increasingly impor tan t, both as a means of internal control and as a subj ect to it. After all, business 
processes rely on inform ation systems for their execution to an ever-growing extent. In addition, 
informa tion system s nowadays produce reports, including operational, financial and compliance-related 
informa tion that support managers in running the business, preparing periodical financial statements and 
complying with applicable laws and regulations. 

Within its general field of operations - as outlined above -, SPA discerns and markets a number of 
specific service areas. The graduation project described in this report principally relates to the service area 
termed Internal Controls O ptimisation (abbreviated ICO in the rem ainder), which is concisely described 
below. Succinct characterisations of the other service areas are provided in appendix D . 

The service area ICO is concerned with the identification, evaluation, and improvement of (part of) a 
firm's internal control system, ultimately aimed at assisting the client in establishing a continuous process 
purported to optimise the aforementioned system in terms of both its effectiveness and efficiency in 
controlling the multitude o f risks that the (respective part of) the company is exposed to. 
Until recently, examinations of (parts of) a firm's internal control structure explicitly targeted at improving 
both its effectiveness and efficiency, were conducted within the scope of projects related to other service 
areas, such as ERP Security & Control (refer to appendix C). T he identification o f ICO as a separate 
market theme started in the United States, and took place only one year ago. T herefore, the ICO service 
area is still in the process o f m aturing towards a situation characterised by a fully developed, globally 
recognized project approach and other bes t practices. 
T he first stage of the latter development process has been completed however, meaning that a first 
version o f a high-level project method, as well as a number o f supporting tools, and training and 
m arketing materials have been constructed and are being put into practice. The worldwide rollout of these 
instruments has started as from May first 2007 with a number o f training sessions that preceded their 
actual application. 
T he next chapter firstly provides information on - among o ther things - the specifics of projects on the 
above-described service area, and additionally addresses the relation between the graduation project and 
the ICO service area through a description of the graduation project's origin and problem definition. 
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Chapter 3: Project origin and problem definition 

In accordance with what is stated in the introduction, this chapter is essentially concerned with three 

things: the project's origin, the general structure of an Industrial Engineering and Management Science 
(abbreviated IE&MS) graduation project, and the definition of the problem that ought to drive all 
activities performed as part of the project. The latter topics are considered consecutively in sections 3.1 
through 3.3. 
Yet, prior to addressing these subjects, section 3.0 firstly defines the notions of risk and a control activity. 
Furthermore, the concepts of an ICO project and of the ICO proposal process (and thereby that of an 
ICO project's execution phase) are demarcated. In addition, the latter section elaborates on the steps of 
which an ICO proposal process consists, as well as on the recently introduced qualitative ICO project 
method. 
The latter notions are central to the graduation project. Hence, the aforementioned information is 
provided at this point to avoid any misconceptions and to facilitate the reading of the remainder of the 
report. 

Section 3.0: Background information 

As noted in the introduction to this chapter, this section provides information that is purported to avoid 
any misconceptions regarding a number of the project's key concepts, and to facilitate the reading of the 
remainder of the report. It is structured as follows: 
In the first place, subsection 3.0.1 defines the notion of risk (within the context of an organisation). 
Secondly, the concept of a control activity is explained in subsection 3.0.2. 
In the third place, subsection 3.0.3 delineates the notion of an ICO project. 
Fourthly, the concept of an ICO proposal process, and thereby that of an ICO project's execution phase, 
is demarcated in subsection 3.0.4. 
Furthermore, subsection 3.0.5 contains a description of the steps of which an ICO proposal process - as 
demarcated in subsection 3.0.4 - consists. 
Finally, the recently introduced qualitative ICO project method, which largely relates to an ICO project's 
execution phase, is elaborated on in section 3.0.6. 

Subsection 3.0.1: Risk 

As described in section 2.4, the theoretical frameworks developed by COSO are used as a standard 
regarding the definition of internal control and the encompassing concept of ERM by the majority of 
companies, accounting firms (including PwC), and legislative bodies. Since the notion of risk (within the 
context of an organisation) is key to both the concept of internal control and that of ERM, the COSO 
definition of risk is adopted by the majority of the aforementioned parties as well. 
Therefore, the latter definition is discussed in appendix E. In addition, this appendix provides COSO's 
risk definition with a more solid conceptual underpinning through positioning it with respect to one in 
mathematical parlance that appears to be relatively widespread in scientific literature. The results of this 
examination are summarised below. 

In this report, the notion of risk (within the context of an organisation) is regarded as construct that is 
constituted by an impact dimension, a likelihood dimension, and a dimension pertaining to the element to 
which the other two dimensions are attached. The latter element consists of a set of undesirable 
developments - through time - in the state space of the system (in this case: organisation) under 
consideration, termed scenario set. Suchlike developments are induced by so-called initiating events, and 
possible marked by subsequent events. 
Furthermore, the impact dimension is considered to be related to an organisation's objectives, that is, the 
occurrence of a particular risk's event(s) will prevent the organisation from fully achieving its goals. 

Subsection 3.0.2: Control activities 

Another concept that is of importance in both of the COSO frameworks, and is actually part of the 
notions of internal control and ERM (see appendix C), is that of a control activity. Consequently, 
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considering what is stated in the preceding subsection with respect to the latter frameworks, COSO's 
definition is again taken to be leading. 

COSO (2003) defines control activities as: "the policies and procedures that help ensure that management's risk 
responses are carried out" (page 60). Yet, control activities are purported to mitigate relatively small-scale risks. 
Therefore, on an operational level, control activities and risk responses refer to the same thing. 

Furthermore, as noted by Franssen (2002), no generally accepted classification of control activities exist. 
However, a distinction that is often made in literature, and which is particularly relevant in this report, is 
that between preventive and detective control activities. 
In this report, preventive control activities are considered to reduce the likelihood of event(s) with which a 
particular risk is associated. Examples are: codes of conduct, username and password logons, detailed 
work instructions, and the segregation of duties principle. 
Conversely, detective control activities are deemed to confine a specific risk's consequences and thus refer 
to all kinds of verifications, approvals, etc. 

Subsection 3.0.3: The ICO project 

For a project to be called an ICO project in this report, it has to satisfy the following two conditions: 
In the first place, service provision as part of the project should be focussed only on ICO (confer section 
2.4), i.e. on improving both the effectiveness and efficiency of (part of) a company's internal control 
system. Due to the fact that an organisation's processes and internal control system are - in general -
strongly interwoven, an ICO project could also involve process improvement. Yet, the project in question 
should be started from and oriented towards the control perspective rather than the process perspective in 
order to be termed ICO project. 
Secondly, the status of a separate project should not only be captured by the characteristic of referring to a 
well-definable, distinctive piece of work, but also be acknowledged formally by a contract between PwC 
and the customer, or at least the intention to do so (in case an ICO project is terminated during its 
proposal phase). 
The main implication of the above delineation is that it excludes ICO related services that are provided as 
part of other types of projects (e.g. a SOX compliance project) from the definition of an ICO project. 

Furthermore, an ICO project is considered to be constituted by a proposal phase (also called proposal 
process), and an execution phase. The delineation of an ICO project's proposal process, and thereby of an 
ICO project's execution phase, is provided in the subsequent subsection. 

Subsection 3.0.4: The ICO proposal process 

In order to increase understanding of an ICO project's proposal process and as a foundation for its 
delineation, appendix F contains a description of the concept's context. The actual demarcation in terms 
of a definition of its start and end in light of the analysis is provided in this subsection. 

An ICO project's proposal phase always starts with PwC's preparation for a client meeting. The 
precondition for this preparation to actually mark the beginning of the proposal process is that the 
succeeding intake meeting should be focused solely on ICO, other sales opportunities that might come up 
but are not discussed in detail, and which would result in additional conversations with other PwC 
employees left aside. Note that the start of the proposal process as defined above slightly differs from 
PwC's traditional interpretation, in that the company considers the proposal phase to begin once the 
customer decides that PwC is allowed to submit a concept proposal (after one or more meetings). 

As follows from appendix F, an ICO project's proposal process ends before the potential work is actually 
performed. The ICO project's proposal process' most regular outcome is the signing of the contract -
named engagement letter - by the customer. Naturally, the signing of the engagement letter additionally 
marks the beginning of an ICO project's execution phase, in which the ICO services are actually provided. 
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As a conclusion to this subsection, note that the concept of an ICO project and that of an ICO proposal 
process are demarcated in the above-described way primarily in light of the problem definition introduced 
in section 3.3. Further justification for these demarcations in relation to the latter definition is provided in 
appendix G. 

In accordance with what is stated before, the next subsection contains a description of the steps of which 
an ICO project's proposal process - as demarcated above - consists. 

Subsection 3.0.5: ICO proposal process steps 

An overview of the different steps - as far as considered relevant within the context of the graduation 
project - o f which the ICO proposal process normally consists, as well as their common ordering is 
presented in figure 1. In addition, the latter steps are classified as either internal or external, depending on 
whether or not they solely require involvement from PwC. 

Prepare intake 
mcctmg 

Compose project 

Conduct intake 
mecbng 

Prepare second 
meeting 

1--------- \Vritc and submit 
concept proposal 

Conduct seco nd 
meeting 

Discuss concept 
proposal 

Figure 1: Model of the I CO proposal process 

IO 
\'(lrite and submit 

final proposal 

Conduct wo rkshop 

11 
Sign contract 

Succinct descriptions of the different steps that are displayed in figure 1 are provided below. A more in
depth explanation can be found in appendix H. Note that steps 2, 4, and 6 are considered jointly, because 
they only exhibit sufficient consistency in their collective contents, i.e. the division of these contents over 
the respective steps can vary considerably from proj ect to project. As a result o f the latter, the same goes 
for steps 3 and 5. 

Step 1: Prepare intake meeting 
Refers to the collection of information on the customer organisation and the market in which it operates, 
as well as on the political set-up within the organisation. If necessary, the appropriate client contact(s) is 
(are) distilled from the latter. Furthermore, attention is paid to PwC's conversation strategy. 
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Steps 2, 4, and 6: Conduct intake meeting, conduct second meeting, and condutt workshop 
First of all, PwC should develop customer commitment to the ICO related issues that his or her 
organisation is possibly facing. The effort that is required to attain the latter logically depends on the 
client's level of awareness prior to the meeting. As noted in appendix F, a distinction between four 
situations can be made with respect to the aforementioned (ordered from highest to lowest degree of 
expected effort): 
A. The intake meeting takes place without previous higher level identification of one or more ICO 

related issues, and without PwC having a concrete reason to assume that customer awareness already 
exists or can be created fairly easily. 

B. One or more ICO related issues have been identified on a higher level before the proposal process 
started. 

C. PwC has a concrete reason to assume that client awareness already exists or can be created fairly 
easily. The strongest possible indication for the presence of customer awareness is embodied by the 
situation in which a client contacts PwC regarding one or more ICO related needs. 

D. A combination of situations Band C. 
Secondly, the customer needs to be persuaded, possibly both in absolute and in relative (to PwC's main 
competitors) terms, of the competence of PwC in dealing with the ICO related issues that are identified. 
In the third place, the ICO related needs are investigated further, resulting in an agreement on the scope 
and objectives associated with a possible ICO project. 
Finally, the project approach (including a rough planning) and resulting deliverables are negotiated. 

Steps 3 and 5: Prepare second meeting and prepare workshop 
Firstly pertains to establishing an agreement with the client on who will participate in the second meeting, 
that meeting's objective, and - in case of a workshop - the workshop's scope, desired results, and agenda. 
Because this part of the preparation is actually performed during the meeting that precedes the step that 
needs preparation, it is not depicted separately in figure 1. 
Furthermore, PwC needs to decide on a strategy to be applied during the meeting and (potentially) the 
workshop, and develop materials to be used in the workshop (if executed). 

Step 7: Compose project team 
Concerns the composing of a project team based on: the estimated number of people needed to conduct 
the possible ICO project, the knowledge and skills or experience that is required, the importance of the 
possible project relative to other (possible) projects, and the future availability of potential team members. 

Step 8: Write and submit concept proposal 
Refers to writing and submitting a concept proposal, based in part on agreements established previously. 
A suchlike document is usually composed of the following sections: 
1. Engagement letter 
2. Proj ect background 
3. Proj ect objectives and scope 
4. Project approach (including the planning) and deliverables 
5. Project staffing, completion deadline, and costs 
6. General conditions that apply to the performance of the project 

Step 9: Discuss concept proposal 
Pertains to explicating the parts of the concept proposal with which the customer disagrees - if any -, and 
subsequently reaching an agreement on the necessary changes through negotiation. 

Step 10: Write and submit final proposal 
Concerns the adaptation of the concept proposal - if required - according to the changes that were agreed 
upon as part of the previous step, and submitting the final proposal to the client. 

Step 11: Sign contract 
Refers to the signing of the engagement letter by the customer in case he or she agrees with the contents 
of the final proposal. 
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As a conclusion to this subsection, remark that appendix I covers the most significant possible deviations 
from the regular process flow that is outlined above. 
The next subsection goes into the recently introduced gualitative ICO project method, which is largely 
applied during an ICO project's execution phase. 

Subsection 3.0.6: Qualitative ICO project method 

As noted in section 2.4, a first version of a high-level ICO project method, as well as a number of 
supporting tools, and training and marketing materials have been constructed and are being put into 
practice. The latter project method is gualitative in nature, meaning that no guantification is employed as 
part of it, and predominately covers an ICO project's execution phase. The steps of which it is comprised 
are succinctly considered below. 

Step 1: perform controls diagnostit:· 
Concerns the application of an Excel-based tool that is designed to identify the parts of a company's 
system of internal control that reguire improvement, by letting the customer complete guery sheets 
containing guestions on its position on the path to controls optimisation and on its control environment's 
current and desired levels of maturity and complexity. The diagnostic can either be performed for the 
enterprise as a whole, for a specific function within the enterprise (e.g. a business unit or a department), or 
for a particular process. 
Yet, remark that the aforementioned tool is applied during an ICO project's proposal process 1 (refer to 
subsection 3.0.4), as a means to create awareness for the ICO related issues that the client is presumably 
facing, prior to the potential signing of the engagement letter. Therefore, in case customer awareness 
already exists to a sufficient degree or can be created rather easily (corresponding to the proposal process 
starting points of C and D , and in some cases B, as defined in subsection 3.0.5) the controls diagnostic 
might not be performed at all. 

Step 2: determine controls' cumJnt state: 
Refers to the identification and documentation of the control activities within the areas that are part of the 
agreed upon project scope. 

Step 3: conduct risk assessment: 
Pertains to the identification of the risks to which the customer is exposed within the areas that are part of 
the agreed upon project scope, as well as a gualitative assessment of their severity. Risks are identified 
based on an explication of business objectives, which is symptomatic of the adoption of the COSO (2003) 
definition of risk (confer appendix E), in which risk impact is associated with the objectives to be 
achieved. 

Step 4: mapping ef nsks and controls: 
Concerns the establishing of relations between risks and control activities in the present situation, i.e. 
determining which risks are currently covered by which control activities to what extent. The therefrom
ensuing residual risk is - similar to the inherent risk in the preceding step - expressed in gualitative terms 
such as 'high', 'moderate', or 'low'. 

Note that in case the ICO project is conducted directly after completion of a controls audit project (e.g. a 
SOX compliance project), the execution of steps 2 through 4 logically draws heavily on the results of the 
latter. 

Note that the control's diagnostic tool was introduced only after completion of the graduation project's analysis phase 
(see section 3.2). Consequently, it is not included in the detailed description of the !CO proposal process steps provided 
in appendix 1-T and did not need to be taken into account in the analysis of the problem which constitutes the 
graduation project's foundation (confer section 3.3). 
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Step 5: provide controls rationalisation recommendations: 
Refers to providing advice on how the company's system of controls could be improved in terms of both 
its effectiveness and efficiency, based on the mapping performed in the former step. 

Step 6: implement controls rationalisation recommendations 
Pertains to reaching an agreement with the client on the recommendations that are to be implemented and 
on the prioritisation of these recommendations, to developing an implementation plan - in collaboration 
with the customer - that includes a statement of the expected benefits, to executing the latter plan, and to 
designing training in case the changes in the system of control activities require so. 

Step 7: implement operational infrastructure for the !)'Stem of controls 
Concerns the design and implementation of a cost effective operating, maintenance, and monitoring 
structure for the system of control activities within the area of consideration. 

Note that only steps 1 through 5 are allowed to be conducted for Channel 1 clients (refer to section 2.1). 
Besides, SPA - being part of PwC's Assurance branch and having extensive experience in supporting 
financial audits and thus in working with Channel 1 customers - intends to focus primarily on performing 
those first five steps. 

Furthermore, the execution of steps 3 through 5 will in future times be supported by a software tool that 
makes use of the results of a currently conducted global project called World Class Control. The latter 
project is focussed on the identification of commonly encountered risks within certain administrative 
processes, as well as on the development of best practices of the combination of control activities that 
cover these risks effectively and efficiently. In practice, the latter project's results naturally need to be 
complemented with risks and control activities tl1at are specific to e.g. the industry the customer is part of, 
the country the client is located, or the type of information system employed. However, the degree of 
standardisation should increase with the experience gained from conducting ICO projects in years to 
come. 
The aforementioned software tool is able to automatically identify potential improvements in the 
effectiveness and efficiency of (part of) a company's system of controls, based on a comparison of the 
best practices with the customers' current set of control activities. 

Section 3.1: Project origin 

In discussing the potential provision of ICO services with clients, PwC representatives are often 
confronted with the question of how the advantages and disadvantages related to proposed changes in the 
organisation's system of internal control will be measured or calculated. 
Since the project approach and supporting tools that serve to conduct ICO projects, which have been 
introduced recently, are qualitative in nature, PwC is currently unable to provide such insight. 

Partly due to this recurring issue, the company thinks that a so-called quantification instrument might 
embody a unique selling point and therefore considers attempting to develop it as a complement to the 
existing qualitative method and tools in the near future. 
A suchlike instrument would serve to provide more insight into the effects of proposed changes (both 
individual ones and the whole of them) in the set of control activities that ought to reduce risks related to 
the work performed as part of a particular business process. In addition, the quantification instrument 
should do so in a way that is understandable to both everyone within PwC and the customer. 

In addition, remark that the instrument is expected to support the selling of ICO services in three ways: 

• Through its very existence as a service characteristic that can be employed in an ICO project's 
execution phase to obtain insight into the effects of several proposed changes. Based on that insight, 
those changes can be prioritised, or the customer can decide on which of them are to actually be 
implemented. 

• By applying the instrument to a number of illustrative example processes, the results of which can be 
used in subsequent ICO proposal processes. 
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• Through use of the instrument in the context of a pilo t project, which is a small-scale project that is 
primarily performed to convince the customer to purchase larger-scale ICO services. 

Furthermore, it should be noted that the term 'control', as used in the above, ought to be interpreted 
broadly. As described by Vaassen (2002), the notion of internal control originates from the accounting 
profession, but has transcended that realm to become 'a tool of management" (Vaassen, page 18) in a general 
sense. The latter also follows from the fact that COSO (1992) distinguishes the effectiveness and 
efficiency of operations as an objectives category in relation to the concept. 
Yet, remark that SP A - being part of PwC's assurance division - traditionally focuses more on areas 
within organisations that are most relevant to (financial) reporting and applicable rules and legislation 
thereon. PwC's advisory branch is more knowledgeable about the effectiveness and efficiency of 
operations, albeit not primarily from a risk control perspective. 

In light of the above-described quantification instrument that will possibly be developed, PwC considers 
the concepts of Six-Sigma and process simulation to potentially be of value. 

According to De Koning and De Mast (2006), Six-Sigma is 'a now widejy applied programme for compmrywide 
qualify improvement" (page 766). It originated in industry more than twenty years ago and was popularised 
through its adoption by several large companies during the last decade of the twentieth century. Among its 
most salient properties are a focus on the customer, centrality of processes, an emphasis on data driven 
decision making and a resulting reliance on statistical techniques, and priority on bottom-line results. 

Kettinger, Teng, and G uba (1997) identify process simulation as a technique that is commonly used in the 
context of business process reengineering (abbreviated BPR). Jansen-Vullers and Netjes (2006) adopt the 
latter principle and note that process simulation "provides quantitative estimates of the impact that a process design 
is likejy to have on process performance" (page 77), on the basis of which 'a quantitativejy supported choice for the best 
design can be made" (page 77). 

PwC's interest in the concept of process simulation explains the connection with the sub-department 
Information Systems (department of Technology Management at the Technical University Eindhoven), 
since research and education within the research group Business Process Management (part of the sub
department Information Systems) are principally concentrated on the modelling, analysis and 
improvement of processes, with simulation of alternative process designs (including accompanymg 
statistical analysis) constituting one of many research topics within the latter field. 

Section 3.2: The regulative cycle 

Students of IE&MS are - in contrast to students of sciences that employ other research paradigms -
primarily trained to become professionals, rather than scientists. The term professional is - in a general 
sense - considered to refer to someone from a well-defined occupational group that uses scientific 
knowledge to solve real-world problems, which requires special skills (refer to Van Aken, Berends, and 
Van Der Bij (2007)) . In case of IE&MS, those problems relate to organising and managing companies, 
which is regarded as IE&MS's formal and material object of study (see Van Aken (1994)) . 

Consequently, IE&MS graduation project are often aimed at solving a real-world problem of the 
aforementioned type using scientific knowledge. Suchlike kinds of projects are termed business problem
solving projects by Van Aken, Berends, and Van Der Bij, and are conducted according to the so-called 
regulative cycle (confer Van Strien (1997)) that is displayed below in figure 2. Yet, it should be noted that 
the 'intervention' and 'evaluation' steps are usually not performed as part of an IE&MS graduation 
project, often due to time constraints. 
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Problem mess 

Evaluation Problem definition 

Intervention Analysis and diagnosis 

Plan of action 

Figure 2: the regulative rycle (adopted from Van Strien) 

An important characteristic of a business problem-solving project is that it is design oriented (refer to Van 
Aken, Berends, and Van Der Bij). 
In the first place, the latter implies that the work performed as part of suchlike projects is governed by a 
sound project plan, rather than improvisation. A project plan (denoted research method henceforth) is 
developed in the early stages of the project, but can be changed or detailed further based on the insights 
obtained along the way. 
Secondly, the property refers to the centrality of the so-called object design and change process design 
that are to be developed as part of the 'plan of action' step. An object design concerns the design of a 
solution to the problem that is defined at the 'problem definition step', and analysed in the context of the 
'analysis and diagnosis' step (termed analysis phase in the remainder). A change process design is the 
design of the process through which the object design ought to be realised. 

Finally, remark that the 'plan of action' step is henceforth referred to as design phase. 

As stated in the introduction to this chapter, the next section is concerned with the project's problem 
definition. 

Section 3.3: Problem definition 

As mentioned before, each ICO project's execution phase is preceded by a so-called proposal stage. The 
latter phase is concluded with a decision - usually made by the potential client - on whether the project's 
execution stage is actually to be started. 

PwC feels that it is not performing optimally within these proposal processes, since a certain number of 
ICO projects have been terminated while still in this initial stage. According to the company, the 
aforementioned is caused by the fact that PwC is currently unable to meet the apparent customer need of 
a more precise insight into the advantages and disadvantages related to the changes proposed as part of 
suchlike projects. 
However, the latter cause-effect relationship should be tested in order to determine if this lack of 
quantification indeed has these consequences. Furthermore, other possible causes of the ICO projects' 
preliminary ending should not be excluded prior to a sound examination. Therefore, the problem that 
constitutes the foundation of the graduation project is defined as follows: 

Problem definition: 
A relative/y (relative to what should be possible) high number of I CO prqjects is terminated during their proposal phase. 
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In addition, the main research question, which is derived from the above-defined problem and is 
answered through the research conducted as part of the graduation project's analysis phase (see the 
preceding section), reads as follows: 

A re a relative!J (relative to what should be possible) high number ef I CO prq/eds terminated during their proposal phase? 

As a conclusion to this section, it ought to be noted that the graduation project's analysis and design 
phases do not relate in the conventional way described in section 3.2. This results from the fact that the 
research conducted as part of the project's analysis phase shows that the above-defined problem should 
be considered insignificant, since the improvement potential in the ICO proposal processes that were 
prematurely ended thus far 2 is minimal. 

Furthermore, no indications are found of the quantification issue introduced in section 3.1 having had any 
influence on those premature endings. Yet, one must take into account the fact that the market for ICO 
services is still relatively immature. It is expected that incorporating quantification into ICO projects could 
become of great value to PwC in the future, due to an expected rise of importance of ICO service 
characteristics that set PwC apart from its competitors. The recurrence of the customer question 
pertaining to benefits quantification in the context of an ICO project could be considered indicative of the 
quantification instrument's potential as such a service characteristic. The anticipated increase of 
significance of discerning service attributes logically results from expected future market developments, 
which are briefly discussed in the next paragraph. 

According to PwC, competitors currently lag behind in the development of ICO as a distinct service area. 
Assuming that, in line with PwC's experiences, ICO truly addresses a significant customer need, 
competition on the area of ICO will therefore likely increase in times to come. This would provide the 
client with more alternatives to chose from, which influences the balance of power between buyer and 
supplier in favour of the client. Therefore, that client could be expected to become more demanding in 
the future. Note however, that the latter effect is mitigated to some degree by the importance of high 
quality, long-term relationships between buyer and supplier in the professional services market (see 
appendix F). 

Consequently, the project's design phase is focussed on contributing to the development of the 
quantification instrument that is introduced in section 3.1. 

Finally, note that - as a result of the above - the definition of the assignment on which the project's 
design phase is based is not provided at this point. In addition, the research method employed for the 
analysis phase, and the research method used in the project's design phase are explicated in separate 
chapters as well. 

In accordance with what is stated in the introduction, the next chapter goes into the analysis phase's 
research method and results. 

2 Remark that 'thus far' refers to around May 2007. The same goes for similar remarks made in the remainder of this 
report. Therefore, this comment is not repeated in what follows. 



l :inal report Pepijn I\Iaa, 

Chapter 4: Analysis phase - research method and results 

As described before, this chapter is concerned with the research method employed during the graduation 

project's analysis phase, as well as with that phase's research results. Both are covered consecutively in 
sections 4.1 and 4.2 below. 

Section 4.1: Analysis phase - research method 

As described in section 3.3, the research conducted as part of the graduation project's analysis phase 
should eventually lead to the answering of the following main research question: 

A re a relative!J (relative to what should be possible) high number of I CO prqjeds terminated during their proposal phase? 

The method used to answer this question is considered to be comprised of a 'what' and a 'how' 
dimension. 
The "what" dimension pertains to what should be done, which is embodied by a collection of research 
questions that ought to be answered. Based on the answers to these research questions, it is deemed 
possible to answer the main research question explicated above. 
The "how" dimension refers to the manner in which the latter research questions are answered, i.e. to the 
type of research techniques employed and the manner in which those types of techniques are applied. 
Besides explicating the above dimensions, this section is concerned with the reasons for the choices made 
with regard to both of these dimensions, which can be denoted as the "why" behind the "what" and the 
"how". 

The collection of research questions as well as its rationale is covered in subsection 4.1.1. Subsection 4.1.2 
considers the techniques that are employed to answer the latter research questions as well as the way they 
are applied and the grounds for the choices made with respect to this dimension. 

Subsection 4.1.1: Research questions 

The collection of research questions of which the answering is considered to result in a scientifically sound 
analysis is provided below in a point-by-point manner. Aside from the research questions themselves, each 
question's purpose in light of the examination is described so as to cover their rationale. 

Research question 1: How signijicant is the graduation projett's basic problem? 
As a starting point to the analysis, the answer to this question concerns the determination of the extent to 
which the graduation project's basic problem can justifiably be called an actual problem, through the 
identification of its consequences and their magnitude. Determining the magnitude of the problem's 
consequences in this case requires a more quantitative formulation of the problem itself, i.e. specifying 
exactly how many ICO projects were prematurely terminated out of the total number of ICO proposal 
processes started. 
The above provides insight into the value of a possible solution to the problem for the company - value 
that is not directly related to the resolution of the problem left aside. 

Research question 2: What variables potential!J influence the detision to either complete or premature!J end an ICO prqjett 's 
proposal process? 

Based in part on an in-depth examination of the ICO proposal process (the results of which are included 
in appendix H), answering the research question above refers to the identification of the variables that 
have a bearing on whether the ICO proposal process is completed, or terminated prematurely. The latter 
collection of variables should act as foundation for the examination of each of the individual ICO 
projects. 
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Research question 3: What values did these variables have for both the untime!J ended and the continued ICO projects, and 
what caused the particular ICO projects to be terminated? 

Answering this research question pertains to determining what caused each of the individual ICO projects 
in ques tion to be ended untimely, and to what extent these causes relate to the previously identified 
variables. The ICO projects for which the proposal process was performed successfully are included as a 
point o f reference, i.e. to highlight possible recurring differences in values o f the respective variables 
between successfully completed and prematurely terminated ICO proposal processes, which could signify 
structural causes o f termination. 

Research question 4: What pattern of causes can be distilled from the individual cases? 
On the basis o f the information about each of the individual ICO projects, obtained as a result o f 
answering the preceding research question, an aggregated view should be developed by searching for 
communalities in causes of termination among the different projects, so as to provide direction with 
respect to what could be done to resolve the graduation project's basic problem. 
The combination of the above and the conclusions drawn on the problem's significance as part of the 
answer to the first research question constitutes the problem diagnosis. 

Subsection 4.1.2: Research techniques 

As stated in the introduction to this chapter, this subsection covers the way in which the research 
ques tions listed in subsection 4.1.1 are answered, as well as the considerations behind the latter. Both are 
provided below for each o f the research ques tions. 

Reseanh question 1: How significant is the graduation project's basicproblem? 
In the first place, the m ore quantitative formulation of the graduation project's basic problem is developed 
through an interview with Robert van Vianen, because he is the only one within PwC's Dutch branch who 
was involved in all o f the ICO proposal processes in the Netherlands. In fact, the involvement of each of 
the other PwC employees was res tricted to a single ICO proposal process. Furthermore, the company's 
database in which information on completed, running, and terminated proposal processes is stored does 
not contain information on the type of project at a level that allows for the distinguishing between ICO 
and other types of projects. Therefore, Robert van Vianen is the only possible source of information with 
respect to this particular issue. 
Secondly, the identification of the problem's consequences is firstly performed based on an interview with 
a Performance Improvement (abbreviated PI) advisor, who was involved in Six-Sigma projects (including 
accompanying proposal processes) aimed at achieving process improvem ents in the past. These projects 
are to some degree comparable to ICO projects. The aforementioned interview is mainly purported to 
generate ideas. These ideas are then verified and possibly complem ented based on logic reasoning and 
subsequently validated by means o f an interview with Robert van Vianen. 
Note that Robert van Vianen is chosen as an interviewee for the reasons already mentioned above, and 
for the fact that he is the E urofirm representative in the ICO development process. After all, this - in 
combination with the previously described argum ents - implicates that he should be considered the most 
knowledgeable with respect to ICO within the N etherlands. T he latter applies to all o ther cases requiring 
involvement from the PwC employee in ques tion. Therefore, no further remarks in this respect are made. 

Furthermore, remark that validation based on the collection and analysis o f quantitative data is not an 
option in this case, since the problem 's short term consequences are obvious to an extent that they do not 
need additional validation, while the longer term consequences have no t arisen yet due to the relatively 
recent introduction of ICO as a separate market them e in the N etherlands. O n the other hand, these 
longer-term consequences could - in theory - be validated to some degree based on similar situations in 
the past. However, the fact o f the matter is that these consequences are by nature (in this case) difficult -
if not impossible - to measure. Furthermore, gathering the information on these similar situations would 
most probably cost an amount o f time that exceeds the available amount considering the other activities 
that should be performed as part of the examination. Moreover, it would be complex to determine the 
properties that make a particular situation well comparable to the one that is analysed. 
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Research question 2: What variables potential!J influence the decision to either complete or premature!J end an ICO prqject's 
proposal process? 

The above research question is answered firstly on the basis of scientific literature and logic. 
Furthermore, the head o f the BD part of the BDMC department is interviewed with respect to this 
matter, because he has provided support in all phases of proposal processes preceding different types of 
proj ects on numerous occasions, and can therefore likely be considered a subj ect expert. Robert van 
Vianen is in terviewed in light of the above ques tion as well. 
Finally, note that custom ers are a valuable source o f information in this respect too, since they normally 
are the ones to actually end an ICO proj ect during its proposal phase, should that occur. H owever, the 
identification of the m echanisms underlying the clien t's decision would require highly thorough and 
elaborate research, due to its highly complex nature, making it very time-consuming. A suchlike 
examination is therefore not considered to fit the analysis' intended scope. 

Research question 3: What values did these variables have for both the untime!J ended and the continued ICO prqjects, and 
what caused the particular ICO projects to be terminated? 

This question is answered mainly through a series of interviews with Robert van Vianen. Naturally, the 
identified causal relationships are verified based on logic reasoning. 
Furthermore, a SPA m anager is interviewed in order to increase reliability of part of the data that is 
collected in the answering of the above research question. This manager was involved in one of the ICO 
projects that was completely executed, and knows something about an ICO project that was ended 
prematurely, because it concerned the same customer. 

Finally, no te that the clients that were involved in untimely ended ICO projects should be considered the 
principal source of inform ation in determining the actual reasons for terminating the respective projects. 
After all (as remarked before), an ICO project is commonly terminated - if at all - by the customer in 
ques tion. Interviewing the particular clients would therefore increase the reliability of the analysis results . 
Besides, it would shed light on the situation from a different (external) perspective, thereby strengthening 
the reliability effect even further. 
O n the other hand, custom ers could perceive interviews o f a suchlike kind as disturbing and a waste o f 
time, which led PwC to have doubts on whether these conversations should be allowed to take place. In 
order to at least support the company in taking a well-considered decision in this respect, a document 
explicating the obj ective, advantages, and risks related to potential client interviews was developed. Yet, 
PwC eventually considered the latter risks to outweigh the advantages. 
In addition, PwC preferred me no t to contact any o f the partners and directors that were involved in the 
different ICO proposal processes. 
As a result of the above, Robert van Vianen and the SPA m anager are the only sources of information 
that can be consulted in the answering o f the third research ques tion. 

Research question 4: What pattern ef causes can be distilled from the individual cases? 
T he above research ques tion is answered primarily by applying logic to the results o f answering the 
preceding question. In addition however, the head of the BD part of the BDMC department is conferred 
with on this issue as well, again because of his extensive experience in supporting proposal processes. 

As a conclusion to this section , remark that all o f the interviews that are conducted are semi-structured, so 
as to establish a balance between the chances of obtaining all the necessary information, and the 
possibility of retrieving valuable information through unexpected turns in the conversations. 

Section 4.2: Analysis phase - results 

This section contains the results of answering each o f the research ques tions that are identified in section 
4.1. 
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Therefore, subsection 4.2.1 is firstly concerned with the significance of the graduation project's basic 
problem. 
In the second place, subsection 4.2.2 lists and explains the variables that potentially influence the decision 
to either complete or prematurely terminate an ICO proposal process. The actual descriptions of each of 
the individual ICO proposal processes on - among other things - these variables and the causes of 
termination (for the ICO proposal processes that were ended untimely), are provided in appendix K 
Finally, subsection 4.2.3 concludes this section with statements on the pattern that can be distilled from 
the individual ICO projects' termination background. 

Subsection 4.2.1: Problem significance 

First of all, the analysis has shown that a total of eleven ICO proposal processes were started until now. 
Seven of them were terminated prematurely, while four were successfully completed. Yet, two of the 
successfully completed ICO proposal processes were preceded by an unsuccessful one at the same 
customer. Out of these two, one's scope can be considered to match that of its predecessor, while the 
other's cannot. In addition, one of the unsuccessfully conducted proposal processes eventually did result 
in a project, albeit that its scope extends beyond ICO alone. Therefore, the latter project does not relate to 
any of the successfully completed ICO proposal processes. 
Although it is difficult to determine exactly to what extent these untimely ended ICO proposal processes 
caused the emergence and success of their respective successors, they were likely of at least some 
influence and should therefore not be considered completely unsuccessful. 

Furthermore, the consequences of the problem defined in section 3.3, which were identified on the basis 
of a number of interviews as well as logic reasoning (refer to subsection 4.1.2) are depicted in figure 3 
below. 

Loss of relatively many Relatively high probability of - opportunities for future - future reference material not 
~ 

reference material being optimal 

Relatively much time is 

f----+ invested without financial 
compensation 

A relatively high number of 
I CO projects is terminated .....__ 
during their proposal phase 

----+ Loss of relatively much 
revenue 

Relatively many 
Relati,·ely high probability of ____. opportunities for - losing !CO market share on 

competitors to conduct !CO ~ 

projects 
the longer term 

Figure 3: consequences ef the problem defined in section 3.3 

Each of these consequences and its relation with the problem or with another consequence is elaborated 
on below. 

Firstly, each ICO proposal process that does not result in the actual execution of the potentially 
succeeding project logically prevents the latter project from being employed as reference material in times 
to come. Suchlike material is commonly used as a statement of experience, so as to convince the customer 
of PwC's competence in dealing with the issues at hand. Furthermore, it serves to prove that a certain 
amount of savings as well as other types of benefits can result from an ICO project, which is especially 
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relevant considering the quantification matter introduced in section 3.1. As is clear from the above, six out 
of the total of ten distinguishable ICO projects that PwC intended to conduct thus far, are also lost as 
potential reference material. Remark that the two proposal processes (one successful and one 
unsuccessful) which related to two ICO projects which equalled in (intended) scope and involved the 
same customer, are viewed as one in this respect. 
Although enough ICO reference material is available at the moment according to PwC, the loss of 
relatively many opportunities for future ICO reference material - resulting directly from the basic problem 
as described before - leads to a relatively high probability of the future reference material not being 
optimal. After all, the more projects can be considered to be turned into reference material, the more 
likely it is that one or more will be found that are better than one or more of the ones that are currently 
employed. In addition, the presently available ICO reference material mainly concerns projects that have 
been executed in the United Kingdom, which are less valuable for PwC's Dutch branch tlrnn in case those 
projects were executed by the latter branch itself. Logically however, it is impossible approximate this 
consequence's magnitude quantitatively. 

In the second place, the time that is invested by PwC employees in an ICO proposal process naturally 
goes without financial compensation. Should the proposal process result in the actual execution of the 
ICO project in question however, this time could be argued to have yielded money indirectly. However, if 
an ICO proposal process is terminated untimely, the time invested in it is neither directly nor indirectly 
compensated for financially. Therefore, if relatively many ICO projects are ended in their proposal phase, 
relatively much time is spent without project revenue being generated at a later stage. As can be concluded 
from the beginning of this section, at least four out of the total of eleven ICO proposal processes started 
did by no means result in an actual project. 
These four proposal processes included three meetings that each involved two PwC representatives, two 
meetings that each involved one PwC representative, a presentation that involved one PwC representative, 
and the composing of a project team and writing of a concept proposal that was performed by one PwC 
representative. Based on an average (meeting and presentation) throughput time of one and a half hours 
and an expected amount of one day to compose a project team and write a concept proposal, an 
approximate number of 21 1

/ 2 hours were spent in these proposal processes, excluding the necessary 
preparation for the meetings and presentation. Should these hours have been spent on the execution of 
other projects in stead, they are estimated to have yielded between 4.000 and 8.000 euros, which comes 
down to an approximated average amount per untimely ended ICO proposal process of between 1.000 
and 2.000 euros. 
These average numbers should, however, not be considered as representative of the amount of money 
that is wasted on any untimely ended ICO proposal process in the future for a combination of two 
reasons. 
Firstly, the number of hours spent on a prematurely terminated ICO proposal process can vary 
considerably, mainly depending on whether or not a concept proposal was written. After all, the 
composing of a project team and the writing of a concept proposal takes an estimated amount of 8 hours. 
In addition, the number of ICO proposal process that were ended untimely (and are not related to any 
successfully completed proposal processes) thus far is rather small, so the present proportion of 
prematurely terminated ICO proposal processes that included the writing of a concept proposal (one) to 
those that did not (three) can not justifiably be considered as representative of times to come. 
Therefore, the average amount of wasted money per untimely ended ICO proposal process of between 
1.000 and 2.000 euros should be interpreted merely as a very rough indication. 

Thirdly, the premature termination of an ICO proposal process logically leads to the loss of revenues that 
would have been generated through the execution of the accompanying ICO project. Since the amount of 
revenues that are generated through the execution of an ICO project is highly dependent on its scope, 
which can potentially vary significantly from ICO project to ICO project, expressing the average amount 
of revenues related to an ICO project in terms of a single number would be insensible. However, the 
minimum and maximum revenue associated with an ICO project are estimated to be respectively 20.000 
and 200.000 euros. 
Up until now, four ICO proposal process were untimely ended and did not relate to any successfully 
performed proposal processes. This means that at least 80.000 euros of potential revenue were lost thus 
far. 
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On the other hand, out of the total of seven ICO proposal processes that were tenninated prematurely, 
two were succeeded by a successfully completed one which equalled or included the intended scope of the 
projects related to their unsuccessful predecessors, meaning that the revenues associated with these 
projects cannot be considered lost. Therefore, the theoretically maximum amount of lost revenues up 
until now is 1.000.000 euros. 
However, remark that it is possible that the above minimum and maximum amounts of potential revenues 
lost thus far were compensated to a certain degree by the revenue of projects that could not have been 
performed in case the aforementioned (four or five) ICO proposal processes were not ended untimely. 
Yet, attempting to establish even a rough indication of the degree of this compensation is impracticable. 

In the fourth place, every single time an ICO proposal process that is conducted by PwC is ended 
untimely, potential competitors are presented with an opportunity to try to perform an ICO project at the 
particular customer themselves, provided that it concerns a sales opportunity that is viable in theory. In 
fact, competitor involvement could actually be the cause of the premature tennination of an ICO proposal 
process from PwC perspective in the first place. 
Thus far, the untimely ending of one out of the total of seven ICO proposal processes resulted from the 
presence of a competitor. Furthermore, two out of the seven customers decided to perform the project 
themselves, of whom one revised its decision and requested PwC's support. In addition, three other ones 
could in theory have led to a competitor eventually performing the projects. Whether this actually 
happened is not known, however. 
Furthermore, if competitors are presented with relatively many opportunities to conduct ICO projects, the 
chances of losing ICO market share on the longer term will naturally be relatively high. Similar to the 
longer term consequence related to the reference material, it is impossible to develop a quantitative 
estimate of its magnitude though. 

A point by point summarisation of the above is provided below. 

• Seven out of the total of eleven ICO proposal processes that were started up until now, were 
prematurely terminated. Three out of these seven are - more or less directly - related to three 
successfully performed proposal processes that succeeded the former three. 

• Out of the total of ten opportunities to create reference material thus far, six were lost. 

• Around 21 1/2 hours were spent on untimely ended ICO proposal processes that had no relation 
whatsoever with successfully completed ones. Should these hours have been spent on the execution 
of other projects, they would have approximately generated between 4.000 and 8.000 euros, which 
averages to 1.000 to 2.000 euros per proposal process. 

• Up until now, an estimated amount of between 80.000 and 1.000.000 euros of potential revenues was 
lost on prematurely terminated ICO proposal processes. Yet, it is possible that the loss of these 
potential revenues was compensated to some extent. 

• One out of the total of seven unsuccessfully conducted ICO proposal processes resulted in a 
competitor perfonning the associated ICO project. 

Out of the consequences described above, the ones pertaining to the loss of revenue and the loss of 
potential reference material (in the context of the quantification matter discussed in section 3.1) seem to 
currently be the most relevant. After all, the potential revenue that was wasted as a result of the time that 
was spent on untimely ended ICO proposal processes likely pales into insignificance in comparison to the 
total loss of potential revenue (minus possible compensation) as a result of not executing the respective 
ICO projects. Furthermore, competitor influence seems to have been rather small thus far. However, 
according to PwC, the company's main competitors lag behind in their development of ICO as a separate 
market theme. Therefore, competitor influence might be expected to increase in times to come. 

Remark that a final conclusion on the problem's significance is not drawn until chapter 5. The rationale 
for the latter decision is explicated below. 

In the first place, it should be noted that in the definition of the graduation project's basic problem, the 
adjective 'relatively' is interpreted as 'relative to what should be possible' (refer to section 3.3). This implies 
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that the actual magnitude of the problem is dependent on what should have been possible. In turn, what 
should have been possible is determined by the extent to which PwC is to blame for the premature ending 
of the ICO proposal processes, which is discussed in chapter 6. Logically, the same goes for the 
magnitude of the problem's consequences, which is why the term 'relative' was used in the description of 
each of them as well. 
Secondly, assuming that more would indeed have been possible in the collection of ICO proposal 
processes that have been conducted thus far, the probability of this problem continuing to exist over time 
depends on whether there is a pattern within PwC's shortcomings that (partly) caused the preliminary 
endings, which is examined in subsection 4.2.3. The latter implies that the significance of the longer-term 
consequences that are depicted in figure 3 is partly determined by the possible presence of the 
aforementioned pattern as well. 

Subsection 4.2.2: Variables 

As described in the introduction to this section, this subsection contains an overview of the variables that 
are considered to potentially influence the decision to either complete or prematurely terminate an ICO 
proposal process, thereby answering the third research question, as defined in subsection 4.1.1. 

First of all, as stated in subsection 4.1.2, the abovementioned variables ought to be identified based partly 
on scientific literature. However, the literature did not prove to be a very valuable source of information 
to employ in the answering of the third research question More comments on this issue are provided in 
appendix]. 

As a result of the above, the aforementioned variables were primarily derived based on logic reasoning 
and several interviews (confer subsection 4.1.2). Eventually, the following variables were identified as 
being potentially relevant: 

• The proposal process' starting point, including the reasons PwC had to assume that momentum for a 
possible ICO project existed. 

• The type(s) of client representatives involved in the proposal process. 

• The nature of the relation between PwC and the customer organisation 

• The quality of the relation between the representatives of both parties that were involved in the 
proposal process. 

The above variables are discussed in turn below. 

In the first place, considering the facts that almost all of the ICO proposal processes were started by PwC 
and that competitors did not seem to be involved in most of the cases, the proposal processes' initial 
phase (steps 1 through 6 out of the process model included in subsection 3.0.5), or more specifically the 
development of customer commitment to the ICO related issues that supposedly exist, is crucial to its 
success. 
As noted in appendix F, a precondition to the latter commitment is awareness of the ICO related issues 
that the client is presumably facing. The effort that is required to create this awareness and thereby the 
chances of successfully doing so, is - as described before in that same subsection - dependent on the 
perspective from which the ICO proposal process was started, for which a typology consisting of four 
different starting situations (A, B, C, and D) was designed. 
Furthermore, the extent to which PwC is able to establish a connection between the ICO related issues 
and the strategic priorities of the customer, i.e. the degree to which momentum for a possible ICO project 
exists, is considered to be crucial in developing commitment to the issues at hand. 
Therefore, both the extent of ICO awareness prior to the start of the ICO proposal process and the 
reasons PwC had to assume that momentum for a possible ICO project existed are recorded for every 
ICO proposal process under the heading 'Proposal process starting point (A, B, C, D)'. 

Secondly, the degree to which PwC succeeds in developing support for a potential ICO project within a 
customer organisation is considered to depend on the client representatives involved in the proposal 
process. \X!ith regard to the latter, the standard categories of a problem owner, a decision maker and an 
influencer can be discerned. 
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Firstly, a decision maker is someone with the authority and accompanying financial means that allow him 
or her to purchase a particular PwC service. 
Secondly, an influencer is someone - as might be clear from the term itself - who has significant influence 
on one or more decision makers. 
Thirdly, a problem owner is someone who directly experiences the negative consequences of the ICO 
related issues that the organisation is supposedly facing. 
In general, one would expect at least one or more decision maker(s) and problem owner(s) to be involved 
in the proposal process. 

In the third place, both the nature of the relation between PwC and the customer, and the quality of the 
relation between the representatives of both that are directly involved in the proposal process is deemed 
to potentially be of influence on the proposal process' chances of success. After all, it seems reasonable to 
assume that customers with which whom PwC has developed a close, long-term relationship are more 
likely to be open for suggestions by PwC than are relatively new clients. The same applies to people within 
a customer organisation with which PwC representatives have established a good bond. Furthermore, the 
relation between relationship quality and sales success in services settings is - to some degree -
corroborated in literature, as remarked in appendix J 

As stated in the introduction to this section, the actual descriptions of each of the individual ICO proposal 
processes on - among other things - the above variables and the causes of termination (for the ICO 
proposal processes that were ended untimely), are provided in appendix K 

The next subsection is concerned with the pattern that can be distilled from the individual ICO projects' 
termination background. 

Subsection 4.2.3: Pattern of causes 

The termination background of each of the ICO proposal processes that were prematurely terminated 
thus far is summarised in table 3 below. Remark that UE X stands for untimely ended ICO proposal 
process X (confer appendix K) . 

Process I Cause( s) of termination 
UE 1 
UE2 
UE3 
UE4 
UES 
UE6 
UE 7 rovided similar services to same customer. 

Table 3: S ummarisation of the termination background of each of the untime/y ended I CO proposal processes 

Considering the contents of the above table, no pattern of causes seems to underlie all of the premature 
endings. However, two similarities can be observed. Firstly, in two cases the untimely termination was 
caused by the customer deciding to perform the project itself. In the second place, three proposal 
processes were ended because the client did not want to embark on any additional projects in light of 
impending, comprehensive changes within its organisation. 

As stated in the introductory chapter, the next chapter provides an answer to the main research question 
identified in section 3.3 and therefore draws a final conclusion on the problem's significance. 
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Chapter 5: Diagnosis 
As can be inferred from the above, this section is concerned with providing an answer to the main 
research question presented in section 3.3, and drawing a final conclusion on the problem's significance. 
Prior to successively presenting the latter two elements however, the potential relation between the 
variables identified in the previous section and the termination of the respective proposal processes is 
briefly discussed. Furthermore, some additional comments on the quantification matter described in 
section 3.1 are provided at the end of this section. 

First of all, an overview of the variables that exhibited undesired values for each of the ICO proposal 
processes that were untimely ended thus far is provided in table 4 below. Remark that an 'X' denotes that 
that particular variable did not have an undesired value for the prematurely terminated ICO proposal 
process in question (refer to appendix K for more information). The rest of the notation is considered to 
speak for itself. 

Process I Starting point Client represcntati\'es Relation org. Relation people 
UE 1 x x x x 
UE2 x x x x 
UE3 x x x x 
UE4 x No decision maker involved x x 
UES x No problem owner involved x x 
UE6 x No problem owner involved x x 
UE 7 x x x x 

Table 4: variable values far the untime!J ended ICO proposal processes 

As follows from this table, no indications for deficiencies within the relations between PwC and the 
client's organisation, and between the people involved in the proposal process on behalf of both parties, 
were found in any of the cases. Furthermore, PwC appears to have had good reasons to assume that 
customer awareness already existed prior to, or could be created rather easily during the prematurely 
terminated proposal processes, and momentum for a potential ICO project could justifiably be stated to 
exis t in all cases. 
On the other hand, the untimely ended ICO proposal processes 4, 5, and 6 lacked the involvement of 
either a decision maker (untimely ended ICO proposal process 4), or a problem owner (untimely ended 
ICO proposal processes 5 and 6). 
Considering the termination background of processes 4 and 5 however (refer to table 3 in subsection 
4.2.3), it is safe to state that involving the respective people would not have had influence on their 
outcomes. 
In case of process number 6, the absence of one or more problem owners could be argued to have 
contributed to the lack of support for the eventual ICO project. After all, the latter people were 
confronted with an external party (PwC) conducting a project that pertained to their area of expertise only 
after the accompanying contract was signed. The latter is acknowledged by PwC, as noted in appendix K. 
Yet, there were political reasons for not involving anyone but the decision maker. Doing so anyway could 
have caused disturbances in the relation between PwC and the customer. Furthermore, the lack of risk 
awareness has - to a certain extent - proven to be a fundamental property of the customer involved 
(confer the respective table in appendix K). 
In addition to the above, remark that there are no salient differences with respect to the values on the 
proposal process attributes between the successfully and unsuccessfully completed ICO proposal 
processes. 

Secondly, the extent to which PwC is to blame for the premature termination of the seven ICO proposal 
processes seems to be rather low. Below, comments regarding the latter topic are provided per proposal 
process (see appendix K for more information). 

• Untimely ended ICO proposal process 1: 
There seems to be nothing that PwC could have done to prevent the premature termination of this 
proposal process. PwC was not aware of the parent company's influence prior to the ending and 
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apparently was not allowed to contact any of its representatives. Furthermore, considering the reasons 
for refusing to conduct the ICO project, the involvement of the particular representative would most 
probably not have made a difference. 

• Untimely ended ICO proposal process 2: 
In view of its termination background, PwC was not to blame for this ICO proposal process' 
premature ending. 

• Untimely ended ICO proposal process 3: 
PwC itself is actually of the opinion that this process' termination was based on a reasonable 
argument. Furthermore, this particular situation seems to fit the general market trend of companies 
establishing competent internal audit divisions themselves in order to save professional service 
provider costs. 

• Untimely ended ICO proposal process 4: 
As noted before, PwC should have started this proposal process earlier. However, it seems justified to 
state that chances of success would have been rather low anyway, since the company in question 
possessed the necessary knowledge and skills to conduct the ICO project itself. 

• Untimely ended ICO proposal process 5: 
In this case, it is remarkable that the impending reorganisation was part of the reason for PwC to 
assume that momentum for an ICO project existed, while it led the client in question to terminate the 
proposal process. However, it does not seem like PwC could have done anything to prevent the 
process' ending, since the customer - according to PwC - did not seem to even really want to start a 
discussion in the first place. 

• Untimely ended ICO proposal process 6: 
As mentioned before, PwC should have conducted the workshop in a different manner. Yet, as 
discussed above, the premature termination of the project seems to be related to a fundamental 
shortcoming at the client's side as well. Note that the involvement of problem owners in the proposal 
process is already discussed above, and therefore not elaborated on further. 

• Untimely ended ICO proposal process 7: 
This process does not seem to exhibit much improvement potential either, since both PwC and the 
customer did not know of the previous ICO related work that was performed by KPMG until after 
submitting the concept proposal. 

Furthermore, recall that the main research question identified in section 3.3, reads as follows: 

Are a relative/y (relative to what should be possible) high number ef I CO prq/ects terminated during their proposal phase? 

The above, in combination with the contents of subsection 4.2. l leads to the conclusion that the above 
question ought to be answered negatively, because PwC would most probably not have been able to 
perform any better than it did. In addition, as described in subsection 4.2.3, no pattern of causes seemed 
to underlie all of the premature ICO proposal process endings. 
Consequently, the problem defined in section 3.3 should be considered insignificant. 

On the other hand, two ways in which PwC's future performance in the ICO proposal process might be 
slightly improved can be derived from the similarities identified in subsection 4.2.3: 

• Turning untimely ended ICO proposal process 3 into reference material to be used in times to come, 
should PwC again be confronted with customers that consider performing an ICO project 
themselves. The latter ICO proposal process was terminated prematurely initially, but PwC was asked 
to provide support later on. 

• Developing something like a SWOT analysis (possibly supported with reference material) of a 
situation in which a customer is confronted with tl1e opportunity to purchase ICO related services 
while expecting large-scale changes within its organisation. The latter relates to untimely ended ICO 
proposal process 5, in which PwC considered momentum for the possible ICO project to result from 
an upcoming reorganisation, while the customer did not want to engage in any additional projects for 
that reason. 

Finally, the quantification issue described in section 3.1 is concisely revisited below. 
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Considering the termination background of each of the individual ICO proposal processes, the supposed 
lack of quantification has in no way been shown to have had any direct influence on the premature ending 
of each of the respective processes. 
Yet, one must also take into account that the market for ICO services still is relatively immature. As 
described in section 3.3, incorporating quantification into ICO projects is expected to become of great 
value to PwC as a result of anticipated market developments. 
Assuming that a quantification instrument would indeed embody a unique selling point, the existence of a 
suchlike instrument might have increased chances of success in the cases in which the ICO project was 
eventually conducted by another party (the customer itself and KPMG). 

The next chapter defines the assignment on which the graduation project's design phase is based, and 
explicates the research method employed to fulfil that assignment. 
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Chapter 6: Design phase - assignment definition and research method 
In accordance with what is stated in the introductory chapter, this chapter subsequently covers the 
assignment on which the graduation project's design phase is based (in section 6.1 ), and the method 
employed in order to fulfil that assignment (in section 6.2). 

Section 6.1: Assignment definition 

As described in section 3.3, the graduation project's design phase is focussed on contributing to the 
development of the quantification instrument that is introduced in section 3.1. The latter instrument can 
be considered to embody a set of steps that need to be completed in order to fulfil the instrument's 
purpose (i.e. a method), and that involve the use of one or more tools and techniques. In addition, both 
the development and future application of that method are to be supported by an increased insight into 
the nature of the redesign issue that is central to the type of ICO project that qualifies for the application 
of the instrument (refer to section 3.1). 
The graduation project's design phase contributes to the development of the quantification instrument in 
two ways. These are incorporated into the assignment definition provided below. 

Assignment definition: 
• Develop a characterisation of the redesign issue around which the kind of ICO project that 

qualifies for the application of the future quantification instrument evolves. 

• Design a first outline of the quantification instrument based on that characterisation. 

With regard to the above assignment, one should bear in mind that PwC has introduced ICO as a distinct 
service area only fairly recently, and does not expect the service to reach its desired level of maturity with 
respect to both product and market development until three to five years from now. Therefore, this 
project's contribution to the development of the quantification instrument is explorative in nature, and the 
possibilities with respect to the ways in which the assignment can be fulfilled are relatively limited. 

Finally, note that - as follows from the foregoing - the nature of this graduation project's design phase 
differs from that of the corresponding part of a traditional business-problem solving project (see section 
3.2). 
In the latter case, focus is on developing an object and a change process design for a unique and specific 
business performance problem, such as that defined in section 3.3. 
Conversely, this project's design phase aims to develop knowledge that can be used in solving a class of 
similar business performance problems. The latter is characteristic of an IE&MS research project (refer to 
Van Aken, Berends, and Van Der Bij). Yet, in contrast to a suchlike project, this graduation project's 
design phase is not conducted solely for the purpose of achieving results in the immaterial world of 
knowledge. Rather, the knowledge that is generated should contribute to improving PwC's future 
performance. As such, the design phase is indirectly focussed on achieving results in the material world of 
action. 

As stated before, the next section goes into the research method that is applied in order to fulfil the 
assignment defined above. 

Section 6.2: Design phase - research method 

Similar to the analysis phase's research method, the three dimensions of 'what', 'how', and 'why' (refer to 
section 4.1) can be discerned with respect to the method employed to fulfil the assignment defined in the 
previous chapter. 
The collection of research questions as well as its rationale is covered in subsection 6.2.1. Subsection 6.2.2 
considers the way in which these research questions are answered and the grounds for the choices made 
on that area. 
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Subsection 6.2.1: Research questions 

T he set of research questions of which the answering is deemed to result in the accomplishment of the 
assignm ent defined in the preceding section is presented below in a point-by-point manner. Aside from 
the research questions themselves, each ques tions' purpose in light of the assignment is commented on, so 
as to cover their rationale. 

Research question 1: What is the nature ef the redesign iSsue that is central to the application ef the quantification 
instrument? 

Answering the above research ques tion directly relates to developing the first of the two deliverables out 
of the assignment definition provided in the previous section. Therefore, the including o f this question 
needs no further explanation. 

Research question 2: In what wcrys could the quantification instrument's purpose be fu!ftlled, and which ef those should be 
employed? 

Answering the above ques tion entails a description of the alternative manners in which the effects of 
changes to a set o f business process control activities could be quantified, and an evaluation of those 
alternatives in light o f the quantification instrument's application domain and context. Hence, by 
providing an answer to this question, the m ost essential considerations in the development of the 
quantification instrument are explicated. 

Research question 3: What specific steps should be completed as part ef the instrument and how can that be done? 
Answering this research ques tion results in a first version o f the quantification instrument, i.e. in the 
second of the two deliverables that comprise the assignm ent definition provided in the previous chapter. 
T herefore, the reasons for including this ques tion are obvious and thus need no additional clarification. 

Research question 4: How does the first outline ef the quantification instrument relate to the Six-Sigma concept? 
As described in section 3.1, PwC initially regarded Six-Sigma as an interesting concept in light of the 
quantification instrument that is to be developed. Answering the above ques tion sheds light on the 
relation between the latter concept and the first version of the quantification instrument, and in doing so 
provides insight into the possibilities and impossibilities of using Six-Sigma in the context of the 
instrument's application domain. N ote however, that this research question does not directly pertain to 
the assignment defined in the previous section. 

Subsection 6.2.2: Research techniques (data collection and analysis) 

As described in the introduction to this chapter, this subsection concerns the manner in which the 
research ques tions listed in the preceding section are answered, as well as the considerations behind the 
latter. Both are provided below for each of the research ques tions. 

Research question 1: What is the nature ef the redesign issue that is central to the application ef the quantification 
instrument? 

As indicated by Van Aken, Berends, and Van D er Bij, and Van Aken, the type of knowledge that is 
embodied by the answer to the above research ques tion ought to be developed based on a series o f case 
studies. Yet, a suchlike approach is not feasible within the context o f the graduation project for two 
reasons. 
Firstly, due to the fact that ICO has only recently been introduced as a separate service area, only a 
relatively limited number of ICO projects have been conducted. In addition, the information that is 
available on the projects that were executed is limited, since much of that information is required to stay at 
the customer. 
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In the second place, the amount of time that is available for conducting the graduation project would no t 
have allowed for such a series of case studies to be performed. 
Consequently, the above research question is answered through studying scientific literature (among other 
things on the concept of risk, the results of which are presented in appendix E). In addition, the results are 
discussed with Robert van Vianen, in order to test their validity to some extent. As described in subsection 
4.1.2, he should be considered the most knowledgeable with respect to ICO within the Netherlands, and 
therefore is the appropriate person to have such a discussion with. Nevertheless, one should be mindful of 
tl1e fact that even he does no t have extensive experience with thorough quantification as part of an ICO 
project. 

Research question 2: In what wqys could the quantification instrument's purpose be fu(filled, and which ef those should be 
emplqyed? 

Both the identification of the alternative manners in which the quantification instrument's purpose could 
be fulfilled and their subsequent evaluation is based on the characterisation of the redesign issue 
developed before and on scientific literature. 

Research question 3: What specific steps should be completed as part ef the instrument and how can that be done? 
An answer to the above research question is predominantly provided on the basis of scientific literature. 
Furthermore, it would be wise to validate the first outline of the quantification instrument by applying it 
to a real-world process. However, this is not practicable because of the case material and time constraints 
described before. Instead, the first version of the instrument is illustrated by applying it to a fictive case 
that is very limited in scope, but nonetheless represents a situation that is commonly encountered in 
practice. 

Research question 4: How does the first outline ef the quantification instrument relate to the Six-Sigma concept? 
T his research question is answered based on an extensive literature review of Six-Sigma on the one hand, 
and the answers to the preceding questions on the o tl1er. 

T he subsequent chapter contains the results of conducting the graduation project's design phase and thus 
provides answers to the research questions listed above. 
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Chapter 7: Design phase: results 

This chapter contains the results of conducting the graduation project's design phase, and is structured as 

follows: 

Firstly, section 7.1 characterises the redesign issue around which the application of the future 
quantification instrument evolves. This characterisation is elaborated - as far as possible - into a 
generalised decision frame in appendix M. 

In the second place, section 7.2 identifies the ways in which the quantification instrument's purpose could 
fulfilled, and subsequently evaluates each in light of the quantification instrument's application domain 
and context. 

Fifthly, the method to be applied in case simulation is used as part of the quantification instrument is 
presented in section 7.3, for simulation is identified - in the previous section - as probably the only way in 
which the quantification instrument's purpose can potentially be at least partly fulfilled in most situations. 
Note however, that this section focuses on the incorporation o f risks, since it is that element which 
discerns the application of the quantification instrument from conducting a more conventional process 
simulation study. Furthermore, appendix P illustrates the use of the latter method through studying a 
fictive case that is limited in scope. 

In addition, the first outline of the quantification instrument is considered in relation to the Six-Sigma 
concept in section 7.4. 

Finally, section 7.5 describes some of the limitations of (the first outline of) the quantification instrument, 
and provides a number of recommendations regarding the instrument's further development. 

Section 7 .1: Characterisation of the redesign issue 

As noted before, an ICO project is conducted in order to improve both the effectiveness and efficiency of 
a system of control activities. In general terms, effectiveness refers to how well an entity performs its 
intended function , and efficiency to the proportion between the entity's effectiveness and the resources 
spent on functioning at the particular level of effectiveness. 

The function of a control activity consists of reducing one or more risks (confer subsection 3.0.2) by 
either lowering their likelihood (preventive control) or limiting their impact (detective control). As 
described earlier in this report, COSO (2003) relates risk impact to an organisation's objectives, that is, the 
materialisation of a particular risk will prevent the organisation from fully achieving the objective with 
which that risk is associated. The appropriateness of the latter relation is substantiated in appendix E. In 
addition, a similar viewpoint is taken by e.g. Nagumo and Donlon (2006), who discuss integration of risk 
management and performance management, and by Turner and Hunsucker (1999) in the context of 
project risk. 

As described in - e.g. - section 3.1, the quantification instrument is to be applied in case of the redesign of 
a set of control activities that are purported to mitigate risks related to the work performed as part o f a 
certain business process. Therefore, the occurrence of the initiating and possible subsequent events with 
which those risks are associated, will impact the extent to which that particular process' objectives are 
attained. 
The consequences of not fully achieving a business processes' objectives are subsequently determined by 
their position within the total hierarchy of objectives that can be discerned within an organisation, and 
which ultimately converges into the organisation's mission. According to Kaplan and Norton (1996) 3 , 

suchlike hierarchies exist, or should exist in two respects. 

3 Groot (2002) identifies the introduction of the balanced scorecard by Kaplan and Norton as the most influential of the 
developments in performance measurement that he discusses. Remark however, that Kaplan and Norton advise to use 
their balanced scorecard as a strategic management system, rather than just a performance measurement system. 
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In the first place, a hierarchy of different types of objectives (and - in terms of Kaplan and Norton -
accompanying measures and targets) on the level of the organisation as a whole. The links between the 
objectives in this case represent cause-and-effect relationships, meaning that the attaining of a specific 
objective should be considered a means towards achieving a higher-level objective to which the former 
objective is connected. The most significant of these relations as a whole are contended to explicate the 
organisation's strategy. 
Kaplan and Norton typify the individual objectives that together constitute the latter hierarchy on the 
basis of the perspective of performance to which they pertain. The aforementioned authors distinguish 
between four of these performance perspectives: a financial perspective, a customer perspective, an 
internal business processes perspective, and a learning and growth perspective. In case of a for-profit 
organisation, every measure that is considered part of the strategy should be either directly or indirectly 
linked to objectives within the financial perspective of performance. 
Furthermore, objectives that are part of the internal business process performance perspective are asserted 
to generally drive performance in the financial and customer perspectives. The latter can also be gathered 
from another performance measurement concept termed Strategic Measurement and Reporting 
Technique (abbreviated SMART) pyramid, which is introduced by Cross and Lynch (1988/1989). 
Consequently, the materialisation of risk related to the work performed as part of a particular business 
process will eventually have a negative influence of some degree on the organisation's performance in the 
financial and / or customer perspective. 
An example of a hierarchy of performance measures on the level of the organisation as a whole, across the 
four perspectives of Kaplan and Norton's Balanced Scorecard, is provided in appendix L. 

The second kind of objectives hierarchy regards the translation of each of the objectives at the level of the 
organisation as a whole, into objectives at all of the lower echelons of which that particular organisation is 
comprised; the lowest being the level of a team or an individual. Hence, the connections between 
objectives in this hierarchy represent composition-decomposition relationships. As the quantification 
instrument is to be employed in case of the redesign a set of control activities that ought to reduce risks 
related to day-to-day operations, the business process objectives that are directly affected by these risks 
reside in the lower levels of the second type of objectives hierarchy. 

As described at the beginning of this section, the efficiency of a set of process control activities is - in 
addition to the extent to which they perform their intended function, which is discussed above -
determined by the resources spent on performing that function. 
The manner in which process control activities consume resources depends on the fashion in which they 
attempt to mitigate risk. In this respect, a distinction can be made between preventive and detective 
control activities (see subsection 3.0.2). In this report, preventive control activities are defined as control 
activities that ought to reduce one or more risks by lowering the likelihood of the (initiating) events with 
which those risks are associated. 
Detective control activities, on the other hand, are taken to diminish one or more risks through confining 
those risks' impact. As a result, detective control activities are often part of an organisation's processes' 
regular flow and in that case use resources in the same way as the conventional process activities do. 
Hence, resource consumption by detective control activities is reflected in the same performance 
dimensions that are used to capture the usage of resources by regular process activities. 
Conversely, preventive control activities do not directly consume resources on a continuous basis. Rather, 
a one-time effort is required to develop them 4 . Furthermore, some of these control activities are intended 
to reduce risk within multiple business processes (e.g. a departmental code of conduct), which renders the 
single business process an inappropriate unit of analysis. Therefore, preventive control activities are only 
to be considered part of the redesign scope in the context of the quantification instrument in case they 
exclusively attempt to lower the likelihood of (initiating) events within the processes under consideration. 

In addition to resource consumption through developing and executing the aforementioned process 
control activities, effort is required to monitor both the preventive and detective process control activities' 

4 Remark that the development of detective control activities can also be accompanied by significant resource 
consumption in case automation is required. 
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operating effectiveness. As described in COSO (2003), monitoring can take place through ongoing 
activities, separate evaluations, or both. Furthermore, separate evaluations can be conducted by the 
organisation itself, or by an external auditor such as PwC. In light of the quantification instrument, it is 
advised to only consider changes in the resources spent on separate evaluations by an external auditor (if 
applicable), since ongoing monitoring is inseparable from an organisation's regular activities, and making 
meaningful statements about changes in resource usage related to separate evaluations performed by the 
organisation itself would probably require the scope to be widened beyond the level of a single process. 
Like the effort required to develop the control activities, changes in the level of resource consumption 
through periodic monitoring by an external auditor directly result from the redesign and are not 
influenced by the operation of the system (in this case: business process 5 ) under consideration. 

The preceding part of this section can be recapped as follows: 
The quantification instrument is to be employed in case of the redesign of a set of process control 
activities, aimed at improving the effectiveness and efficiency of risk control within that particular process. 
Effectiveness refers to the extent to which the set of process control activities reduce the risks related to 
the work performed as part of the process. Efficiency pertains to the proportion between effectiveness 
and the resources spent on reaching that level of effectiveness. 
Both the degree to which risks within the process are reduced and the resources consumed by executing 
the process control activities that are part of the regular process flow, are captured by the performance 
measures and accompanying performance indicators that can be identified for the process in question. 
The effort required to develop the process control activities, and the changes in resource usage related to 
periodic monitoring of the process control activities ' operating effectiveness by an external auditor, do not 
depend on the operation of the system under consideration, and can therefore be estimated directly, based 
on the alternative system designs that are compared. 

As noted in the introduction to this chapter, appendix M introduces the concept of a decision frame, and 
characterises the redesign issue that is central to the application of the quantification instrument further 
through an elaboration of the above - as far as possible - into a decision frame that is general to the latter 
redesign issue. 

Regarding the use of the performance indicators (that are part of the aforementioned decision frame) to 
capture the extent to which risks within the process in question are reduced, the following ought to be 
observed. 
In the first place, as is probably clear, only the indicators which' value is influenced by the operation of the 
process under consideration are relevant in the above-described respect. 
Secondly, which of the operations-dependent indicators could be used to reflect potential risk impact 
depends on the perspective(s) from which risk and accompanying control are considered. The notion of a 
perspective in this case relates to - in contrast with appendix M - different disciplines that can be 
discerned within an organisation. In this regard, Franssen distinguishes between the disciplines of 
information processing and supply, logistics, and quality management. For the latter two fields, the 
aforementioned author defines a number of process-level measures that are typically impacted by risks on 
the respective area, and which can therefore be used to capture the extent to which these risks are 
controlled. The majority of these measures overlap with the ones that are identified as part of the decision 
frame. For each discipline, as discerned and demarcated by Franssen, the indicators corresponding to the 
following decision frame measures could be used to reflect potential risk impact: 

• Information processing and supply: the information processing quality measures. 

• Logistics: all measures that are part of the time performance dimension, the inventory cost measure, 
the resource utilisation measure, the labour cost measure in case part-time workers are employed, 
labour flexibility measure on a workflow level, and the volume flexibility measure. 

• Quality management: the output quality measures and the measures that are part of the time 
performance dimension. 

As follows from Law and Kelton (2000), and Goossenaerts and Pels (2006), an operational business process can be 
regarded as a particular type o f system. Since processes are focussed on in this report, the terms sys tem and process are 
used interchangeably in the remainder, unless stated otherwise. 
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In addition, remark that risk and control from the perspective of the information processing and supply 
and quality management disciplines can be intertwined with risk and control from a logistic viewpoint. 
The latter results from the rework that could be required in case undesirable anomalies are detected with 
respect to the output quality and information processing quality measures, and from the fact that the areas 
of logistics and quality management share the measures that are part of the time performance dimension. 
Finally, note that SP A traditionally focuses on risk from an information processing and supply 
perspective. Yet, the quantification instrument ought to be able to incorporate risk and control from other 
viewpoints as well, in accordance with the development of the notion of internal control beyond the 
accounting profession from which it originates (refer to section 3.1 ). 

On the basis of the characterisation of the redesign issue provided above and in appendix M the next 
section identifies and evaluates the different ways in which the quantification instrument's purpose could 
be fulfilled 

Section 7.2: Ways to fulfil the quantification instrument's purpose 

As follows from appendix M, some of the performance measures that - in part - characterise the redesign 
issue for the type of ICO project defined before, are not influenced by the operation of the process under 
consideration. Rather, they relate to a certain property of the alternative system designs that are compared 
(e.g. the number of full-time employees, or the tasks a certain employee is allowed to execute), or to a 
change from one system design to another. Consequently, evaluation of these measures can in principle be 
performed based directly on the different system designs under consideration, although that is not 
straightforward for all of them. 

Yet, the majority of performance measures do depend on the operation of the process in question. 
Therefore, determining the values of performance indicators that represent those measures for a particular 
system design requires an examination of the process' operation. 
According to Law and Kelton, and Goossenaerts and Pels, a study of the behaviour of a system - in a 
general sense - under different designs can be conducted in four distinct manners, as displayed in figure 4 
below. 

E xperiment with the 
actual system 

Physical model 

Experiment with a 
model of the system 

Mathematical model 

Analytical solution 

Figure 4: wqys to stuc!J a 9stem (adopted from Law and Kelton) 

Simulation 

Some further information on each of the above alternatives is provided in appendix N. The potential of 
each of them for studying the operation of a process as part of applying the quantification instrument is 
discussed below. 
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In the first place, experimenting with the actual system is clearly not feasible, since the nature of the 
decision variable alterations is such that they most probably require considerable amounts of time and cost 
to be implemented or be undone. Furthermore, even if the latter would be possible, the amount of 
measuring time required to obtain a representative image of the impact of all the risks that can be 
discerned within the process on the relevant performance indicators could easily become exceedingly 
large. For example, Mehta (2000) notes that - in the context of simulation - the length of one simulation 
run should be long enough for the least frequent event to occur at least 15 to 20 times. Assuming that this 
rule of thumb also applies to experimenting with the actual system, a particular risk that is associated with 
an initiating event taking place once per week would require a measuring period of at least 15 weeks. 
Remark that possible subsequent events are left out of consideration in the latter train of thought. 

Secondly, using a physical model is obviously not an option in this case. 

In the third place, analytical techniques can only be used if the system and the valid mathematical model 
representing that system are not too complex. Hence, whether or not the quantification instrument's 
purpose can be fulfilled through employing analytical techniques is probably situation-specific. H owever, 
Law and Kelton remark the following with regard to the aforementioned: "the fact is that we are very quick!J 
led to simulation in most situations, due to the sheer complexi!J of the rystems of interest and of the models necessary to 
represent them in a valid wqy" (page 5). Considering the fact that fulfilling the instrument's purpose requires 
risks to be incorporated into the mathematical model, one could presume that the complexity of that 
model prohibits it to be evaluated analytically in most situations. After all, the notion of risk is extraneous 
to the more conventional mathematical process models, which themselves are often too difficult to be 
examined by means of analytical techniques (as noted before). 

Fourthly, simulation seems to be a feasible alternative - in principle - to evaluate performance on the 
majority of operations-related measures discerned in appendix M. After all, Jansen-Vullers et al. state that 
computation of the cost, time, and flexibility (except for process modification flexibili ty) measures in a 
simulation model is rather straightforward. 

ote however, that the latter remarks are made in relation to more conventional process simulation 
models, which do not include risks. Yet, as described in appendix E, each risk relates to a set of 
undesirable developments in the state space of a system as a function of time, termed scenario set. Given 
that the impact of risks related to the work performed as part of a process can be largely expressed 
through traditional (operations-related) process performance measures, the part of a process' state space 
that is captured by the more conventional process simulation models would probably not require 
significant expansion to enable risk representation. Therefore, evaluation of the time, cost, and flexibility 
measures as part of the quantification instrument should be possible through simulation, although this will 
logically be less straightforward than in case risks would not need to be considered. In addition, it is not 
unthinkable that the incorporation of risks makes demands on the expressive power of the specific 
software used for simulation. A multidimensional comparison of different software tools that are 
employed to simulate business processes can be found in Jansen-Vullers and Netjes (2006). The latter 
topic is not discussed further in this report. 
On the other hand, the effects of changes to the set of preventive controls on the likelihood dimension of 
the events with which they are associated can most probably not be determined based on simulation, since 
the complex nature of the relations through which these effects are determined likely prohibits them to be 
captured by a valid mathematical model. 
Furthermore, calculation of the majority of the operations-dependent quality performance measures 
through simulation is very difficult if not impossible as well, as noted by Jansen-Vullers et al. This is again 
caused by the fact that the mechanisms through which these measures are determined are of a different 
kind and far more complex than those of the measures that are part of the other performance dimensions. 
In addition, the very nature of a number of the quality measures severely complicates their 
operationalisation in the first place. 
The information processing quality measures are an exception in the latter respect. It is expected that they 
can be evaluated by means of simulation, since the values of their accompanying performance indicators 
are not determined through a complex series of cause-and-effect relationships. Rather, the latter measures 
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embody an aggregation of the inter-arrival times and potentially the local impact of individual, work-item 
level 6 events. 

Aside from the probable limitations of not being able to determine the effects of changes to the set of 
preventive control activities on the likelihood dimension of the events with which they are associated, and 
to compute the majority of operations-related quality measures, there are a number of general 
disadvantages related to the use of simulation. These are described by Law and Kelton, and Goossenaerts 
and Pels, and can be summarised as follows: 
Firstly, simulation studies are often time consuming and therefore expensive in terms of manpower. 
In the second place, the building of simulation models requires skills that can only be developed over time 
and through experience. 
Thirdly, in order to properly conduct a simulation study, one needs specific knowledge of math, statistics, 
and computer science. Hence, performing a suchlike study is anything but an easy exercise. 

Furthermore, both Law and Kelton, and Goossenaerts and Pels distinguish a number of pitfalls to the 
successful completion of a simulation project. Although all of these pitfalls should be taken into account, 
one is particularly relevant in light of the quantification instrument's purpose, namely: failure to collect 
good sys tem data. After all, the latter purporse requires incorporation of risk into the simulation model. 
Yet, as described in appendix E, the notion of risk is associated with an initiating event and - possibly -
subsequent events, which might not occur on a regular basis. Therefore, data on the risks to be modelled 
may very well be scarce. More information on the data availability issue is provided in the next section. 

In addition, it should be remarked that the use of simulation rather than any of the other options 
displayed in figure 4 can also be advantageous in several respects. Hence, simulation is not always a last 
resort alternative. One characteristic of the technique that could m ake it preferable over experimenting 
with the actual system is that - once a simulation model has been constructed - changes to the original 
system design can be reflected fairly easily, and their effect on system performance evaluated over almost 
arbitrarily long periods of time. 
In the context of the quantification instrument, this might provide opportunities to consider process 
alterations beyond the scope of the decision variables described in appendix M. For example, one might 
try adding or removing resources, or changing the sequence of the regular process activities. In case 
suchlike changes are indeed considered, the performance measures and their operationalisations that are 
part of the generalised decision frame are still useful. After all, the majority of them were initially derived 
(by Loosschilder) to express the effects of a business process redesign effort. 

Finally, note that the simulation models that would need to be constructed as part of the quantification 
instrument can be characterised as dynamic, stochastic, and as either discrete or both continuous and 
discrete at the same time. 

• The models are discrete, because they represent a system that evolves over time. 

• The models are stochastic, because they represent a system that contains processes controlled by 
random variables. The randomness in the model's input components will propagate through its logic 
to cause the output performance indicators to be random as well. Thus, that output ought to be 
treated as only an estimate of the true properties of the model. 

• The models are either discrete, or continuous and discrete at the same time, because the incorporation 
of risk requires the state of the system that they represent to be able to change through the 
instantaneous occurrence of events. This rules out continuous models. Furthermore, it is expected 
that a discrete simulation model will adequately represent the large majority of processes. 
Consequently, the development and use of simulation models that are both discrete and continuous 
are not considered in the next section. 

From the preceding part of this section, it can be concluded that although using simulation has some 
significant drawbacks, it is probably the only technique through which the quantification instrument's 
purpose can be at least partly fulfilled in most situations. The subsequent section presents a first version 

6 Reijers defines a work item as a task that is executed in the production o f a specific product. 
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of the quantification instrument, and in so doing focuses on situations in which simulation needs to be 
employed, for the aforementioned reason. 

Section 7 .3: First version of the quantification instrument 

This section presents a first version of the quantification instrument based on the considerations that are 
explicated in the preceding section. It is structured as follows: 
Firstly, subsection 7.3.1 provides an overview of the first outline of the instrument in its application 
context. 
In the second place, further information on the general issue of how to incorporate risks into a simulation 
study is given in subsection 7.3.2. 
Thirdly, subsection 7.3.3 briefly discusses the different steps that need to be completed as part of the 
quantification instrument, which are listed in subsection 7.3.1, thereby indicating how the information 
provided in subsection 7.3.2 translates into the use of the instrument. Note however, that the latter 
discussion is constrained to aspects on which the application of the quantification instrument 
distinguishes itself from more conventional comparable studies. 

Subsection 7.3.1: Instrument overview 

As follows from the preceding section, most situations will probably require simulation to be applied as 
part of the quantification instrument in order for the instrument's purpose to be fulfilled at least partly. 
Yet, in case the system under consideration is not too complex, one or more analytical techniques might 
perhaps be employed instead. 
Based on the latter conclusions, figure 6 on page 47 provides an overview of the first version of the 
quantification instrument in its application context, if the instrument is employed as part of an ICO 
project's execution phase. The accompanying legend is presented in figure 5 below. 

- ICO project proposal phase 

- ICO project execution phase 

- Qualitative ICO project method step 

- Quantification instrument step 

Quantification instrument sub-step 

Figure 5: legend accompatryingfigure 6 

As described before, the steps to be completed in case simulation needs to be used as part of the 
quantification instrument largely overlap with the ones performed in more conventional process 
simulation studies, and can therefore be readily found in scientific literature. The collection of 
quantification instrument steps and sub-steps depicted in figure 6 is based on the work of Goossenaerts 
and Pels, Law and Kelton, and Loosschilder. 

With respect to the latter figure, the following ought to be observed: 
In the first place, the instrument can also be employed in the context of a so-called pilot project, as 
described in section 3.1. In that case, two ICO project execution phases are potentially completed 
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consecutively 7• The first is limited in scope and relates to the pilot project. Dependent - among other 
things - on whether the client is satisfied with that pilot project's results, both parties can subsequently 
agree on performing a second execution phase, which is usually significantly larger in scope. 
Secondly, as described at the beginning of this section and as follows from figure 6, the quantification 
instrument's purpose could possibly be fulfilled through the application of one or more analytical 
techniques rather tlrnn simulation in some situations. Yet the questions of which analytical techniques 
might be of use (if any), and what steps ought to be completed in order to calculate the operations
dependent performance indicators by means of these analytical techniques are not addressed in this 
report. The latter results from time constraints on the one hand, and the fact that simulation is likely 
required in most situations on the other. Consequently, the quantification instrument step 'apply analytical 
techniques' in figure 6 might in fact embody a collection of steps, and is not discussed further in the 
remainder of this section. 
Furthermore, while the quantification instrument steps and sub-steps are presented in a sequential order, 
some degree of iteration may well be required in practice, in particular in case the executable models 
appear to be invalid. 
Finally, steps 6 and 7 out of the qualitative ICO project method are enclosed by dashed lines, since SPA 
intends not to focus on actually implementing tl1e changes it proposes (see subsection 3.0.6). 

Remark that some negotiation on the second execution phase might be required in between the moment the first 
execution phase is completed and the second one is started. Strictly speaking, this negotiation is part of the JCO 
project's proposal process, as defined in subsection 3.0.4. 
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Figure 6: Overoiew of the first version of the quantification instrument in its application context 
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As a conclusion to this subsection, the output of each of the second through fifth of the qualitative ICO 
project method steps (refer to subsection 3.0.6) depicted in figure 6 above, as far as relevant for applying 
the quantification instrument, is concisely described below. Remark that the output of the first of the 
qualitative ICO project method steps does not directly relate to the use of the quantification instrument. 
Yet, performing the controls diagnostic does serve as an aid in reaching an agreement on the ICO 
project's scope, i.e. on the processes which' redesign potentially qualifies for use of the instrument. 

Step 2: Determine control 's current state 
The above step's output is a description of the processes that are part of the project scope in terms of the 
activities of which they consist as well as the people that perform these activities, and of the control 
activities (including control objectives) that currently exist to reduce risks related to the work performed as 
part of those processes. 

Step 3: Conduct risk assessment 
This step's output consists of an enumeration of the risks that can be discerned in relation to the 
processes that are part of the project scope, as well as a qualitative description of these risks' severity in 
case they would not be mitigated at all. 

Step 4: Map risks and controls 
The above step's output is a matrix that maps each of the existing control activities onto the risks, and 
explicates the extent to which each of the risks is reduced through of a qualitative assessment of the 
residual risk severity. 

Step 5: Provide controls rationalisation recommendations 
This step's output consists of a number of proposed changes in the existing set of control activities, which 
are identified - as described in subsection 3.0.6 - based on best practices. 

The next subsection provides information on the element that distinguishes the simulation study 
conducted in the context of the quantification instrument most from the more conventional ones, namely 
the incorporation of risk. 

Subsection 7.3.2: Incorporating risk into a simulation study 

As described in appendix E and subsection 3.0.1, a reification of the concept of risk can be established 
through a construct consisting of an impact dimension, a likelihood dimension, and a dimension 
pertaining to the element to which the other two dimensions are attached. The latter element consists of a 
set of undesirable developments - through time - in the state space of the system under consideration, 
termed scenario set. Suchlike developments are induced by so-called initiating events and possibly marked 
by subsequent events. 
Furthermore, the concept of risk is intertwined with that of uncertainty (see appendix E), meaning that we 
are unable to predict exactly when the event(s) with which a particular risk is associated will occur and 
what the consequences will be should it (they) occur. Uncertainty with respect to the moment of 
occurrence of the event(s) is captured by the existence of the risk's likelihood dimension. Uncertainty 
regarding the consequences needs to be incorporated into the impact dimension. 
Traditionally, uncertainty is quantified through the concept of probability, which leads us into the 
scientific discipline of probabilistic risk analysis (abbreviated PRA), also denoted as quantitative risk 
analysis (abbreviated QRA). As remarked by Bedford and Cooke (2001), PRA is currently being widely 
applied in a large number of sectors, such as transport, energy, the military, project planning, and financial 
management. In addition, the latter authors state that the trend in all these areas is for PRA to support 
management decision-making, thereby constituting a new discipline that is termed risk management by 
Bedford and Cooke. 

Within the discipline of PRA, a distinction is often made between aleatory uncertainty and epistemic 
uncertainty. Aleatory uncertainty is uncertainty that results from natural variability (randomness) in a 
system, while epistemic uncertainty arises from lack of knowledge of a system. As noted by Pate-Cornell 
(1996), this distinction has a long history and is grounded in - among other things - the scientific debate 

Page -+8()(16-: 
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on the definition of probability. With respect to the latter, two schools of thought can essentially be 
discerned, namely the frequentist school and the subjectivist school (also termed Bayesian school) . 
According to the frequentist interpretation, probability ought to be defined as the relative frequency of 
occurrence of a particular event of interest, when the experiment from which that event is considered to 
develop is hypothetically repeated an infinite number of times under identical conditions. Hence, a 
precondition for this interpretation to be used is that such a repetition of identical trials is actually 
conducted, or can be imagined to be performed. 
Conversely, subjectivists interpret the notion of probability as an individual's degree of belief that a future 
state of the world will be an element of a particular subset of the set of all possible states of the world 
(confer Bedford and Cooke). As follows from the generality of this interpretation, the subjectivist 
definition is not subject to the frequentist precondition. Yet, it does assume that the respective individual 
is rational, where rationality is defined mathematically as in the theory of rational decision-making. 
Furthermore, adherents of the subjectivist school of thought consider all uncertainty to result from a lack 
of knowledge, i.e. to be epistemic. Whether this is truthful, depends on whether the world exhibits 
inherent randomness, which is an issue that will most probably never be resolved. 
Hence, the theoretical significance of the distinction between aleatory and epistemic uncertainty is 
questionable. However, distinguishing between the two is of a practical significance, i.e. relevant for the 
purposes of a particular model s . 

In the context of a specific model, aleatory uncertainties are uncertainties that should be quantified, but 
are not aimed to be reduced - should that be possible at all. On the other hand, epistemic uncertainties 
refer to uncertainties related to the appropriateness of the model in representing the part of reality under 
consideration, and ought to be reduced - in principle - as much as possible and practicable. 
In the latter regard, one can discriminate between parameter uncertainty and model uncertainty. Parameter 
uncertainty pertains to ''uncertainry about the true value of a parameter in a mathematical model" (Bedford and 
Cooke, page 34). Conversely, Parry defines model uncertainty as: ''uncertainry in the appropriateness of the 
structure or mathematical form of the model" (page 119). 
Naturally, epistemic uncertainty can only be quantified by probability in case one adopts a subjectivist 
view of the latter notion. 
Aleatory uncertainty can in principle be quantified through approaches employed by both schools of 
thought. Yet, as noted by - e.g. - Nilsen and Aven, and Beford and Cooke, since the concept of risk 
relates to events that are relatively rare, large amounts of experience data are often not available. This 
complicates the use of frequentist statistical inference techniques, since the degree of certainty in the point 
estimate(s) developed to fit a theoretical probability distribution are in that case accompanied by large 
uncertainties (wide confidence intervals for small sample sizes). As remarked before, these uncertainties 
cannot be quantified by probability when adopting a pure frequentist perspective of the notion, because 
they are epistemic in nature. Consequently, Bayesian inference techniques are very popular in the PRA 
community, as they allow for a relatively small amount of experience data to be formally combined with 
the knowledge of one or more experts to specify a probability distribution (confer Bedford and Cooke). 

In a discrete event simulation model, the materialisation of a particular risk is represented by the 
occurrence of the event(s) with which that risk is associated, as remarked before. In order to capture the 
likelihood dimension of the risk in question, one needs to specify the occurrence-related uncertainty for 
each of the latter events. Furthermore, in the context of the quantification instrument, a particular event 
can be accompanied by a local impact, in case that is required to propagate the risk's consequences to level 
of the performance indicators identified in appendix M. Examples of the latter are the magnitude of an 
individual information processing error, and the downtime of a machine. With respect to the size of 
suchlike local impacts, uncertainty can exist as well, and - if so - should in principle be included in the 
simulation model. Both the occurrence-related uncertainties and uncertainties in local impacts are aleatory 
in nature, as they are only quantified and not attempted to be reduced. 
Below, the specification of occurrence-related uncertainty and of local impact uncertainty is consecutively 
discussed. 

For further information on the distinction between aleatory and epistemic uncertainty, refer to - e.g. - Bedford and 
Cooke, Pate-Cornell , Kaplan (1997), Hora (1996), Nilsen and Aven (2003), ITofer et al. (2002), Parry (1996), Martz 
(1994), and Obcrkampf et al . (2004). 
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A popular construct to capture the occurrence-related uncertainty of events is introduced by Kaplan and 
Garrick (1981) and termed 'probability of frequency'. According to the latter authors, this construct has 
proven to be a powerful and useful concept in a wide range of risk contexts. 
As part of the notion of 'probability of frequency', the occurrence-related uncertainty of an event is 
modelled by a constant probability of occurrence on each trial from which the event can possibly result. 
In accordance with the frequentist interpretation, the latter constant probability is considered to be 
embodied by the relative frequency of the event's occurrence in case the aforementioned trial is repeated 
an infinite number of times under identical circumstances. However, this implies that there will always be 
uncertainty concerning the precise value of that relative frequency. The latter uncertainty is parameter 
uncertainty, and can be expressed as a probability distribution over the relative frequency's possible values. 
Logically, this distribution can only be developed through adopting the subjectivist definition of 
probability 9. 

As noted before, parameter uncertainty ought to be reduced as much as possible and practicable. 
Considering the fact that parameter uncertainty results from a lack of knowledge about the system under 
consideration, it can be decreased by collecting information on that system. Updating of the probability 
distribution over the relative frequency based on that information is performed through Bayes' theorem, 
which is described below for continuous distributions (Bedford and Cooke, page 4): 

"Let X and S1 be continuous random vectors with joint probability density function f(;::;:,fl). Let](;::;: I fl) and f(!l I;::;:) be the 

comsponding conditional densities, andf(fl) = Jr(;::;:,fl!~ the marginal density ofi1. Then''.· 

f(~ I~) = f(~ I ~)f(~) 
ff(~ I ~) f(~)d~ 

In the above formula, ft denotes a vector of uncertain parameters, and ~ a vector contauung the 
information that is collected. In addition, the conditional density f(ft I~) is referred to as the posterior 
distribution over the parameters (i.e. updated based on the information collected), and f(ft) as the prior 
distribution over those parameters. 
Furthermore, the function f(~ I ft) considered as a function of the uncertain parameters is often termed the 
likelihood of ft given the observations contained in .li, and is written as: L(ft J .li). Subsequently, Bayes' 
theorem is commonly represented as: 

f(~, ~) oc L(~, ~) frn) 

This equation indicates that the posterior probability distribution is proportional to the product of the 
prior distribution over the parameters and their likelihood function. The denominator part of the first 
version of Bayes' theorem is then regarded as a constant of proportionality, which ensures that f(ft I~) is a 
probability density function (i.e. that the integral equals 1). 

As is clear from the above, the Bayesian paradigm assumes the existence of a prior distribution over the 
parameter(s) of interest. Therefore, the problem of specifying a suchlike distribution cannot be resolved 
through applying the formulae presented before. 
Yet, since Bayes' theorem is based on the subjectivist interpretation of probability, rational individuals are 
in principle not constrained to select the same prior distribution as other rational individuals. However, 
the subjectivity of the prior distribution is often criticised by non-Bayesians, since they consider this to 
prohibit objectively justifiable inferences to be made. Therefore, Bayesians commonly try to determine a 
prior distribution over which a rational consensus exist. With respect to the latter, several options exist: 
In the first place, expert judgement studies and generic data from reliability databases are often used (as 
stated by Bedford and Cooke). More information on the combination of multiple expert parameter point 
estimates or prior distributions functions into a single prior distribution, and on reliability databases can be 

9 Note that freguentist approaches to account for parameter uncertainty in mathematical models do exist, but are 
naturally not based on directly specifying a probability distribution over the parameter(s) in question. Examples of 
suchlike approaches are the bootstrap method and the delta method. Because of the advantages of Bayesian inference 
in the context of PRJ\, as described before, the freguentist approaches are not discussed further in this report. For 
more information on the latter approaches, refer to Henderson (2003), and Zouaoui and Wilson (2001 and 2004). 
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found in - respectively - chapter 10 and chapter 9 of Bedford and Cooke. Furthermore, Chick (2001) 
proposes an approach called moment-matching method. This method can be used to construct a prior 
distribution based on asking a single expert questions on the likely values of the low-order moments of a 
prior distribution on the parameter under consideration, given that that prior distribution is part of a 
parameterised family of distributions, such as the exponential family. 
Secondly, so-called non-informative prior distributions are commonly applied. These are prior 
distributions that minimally affect the posterior distributions in a well-defined sense, in order for the data 
that is gathered on the system under consideration to dominate the determination of the latter type of 
distribution. An example of a non-informative prior distribution over the relative frequency that is part of 
the 'probability of frequency' construct is a continuous uniform distribution on [0,1]. Yet, it should be 
noted that Bedford and Cooke advise against using non-informative prior distributions, since they 
consider it to be unrealistic that the modeller is completely ignorant of the possible value of the parameter 
of interest. For example, a relative frequency - in the context of the 'probability of frequency' construct -
of between 0,95 and 1 is most probably not reasonable, which could be reflected in the prior distribution. 
In the third place, although controversial among Bayesians, some authors propose the use a subset of the 
available or collected system data to specify a prior distribution. According to Bedford and Cooke, a 
suchlike approach (denoted empirical Bayes approach) is adopted in case the prior distribution for the 
unknown parameter is supposed to be part of a parameterised family of distributions. The latter 
parameters are termed hyper-parameters, and are estimated - based on the subset of system data - by 
means of conventional estimation procedures. 
Some comments on the issue of specifying prior distribution functions in the context of the quantification 
instrument are provided in section 7.5. In addition, Appendix 0 illustrates the use of Bayes' theorem to 
reduce epistemic uncertainty in relation to the 'probability of frequency' construct, based on a non
informative prior distribution. As follows from the latter appendix, the aleatory part of an event's 
occurrence-related uncertainty is - when adopting the 'probability of frequency' construct - captured by 
the variation of a so-called Bernoulli distribution with parameter p. On the other hand, the epistemic 
component in an event's occurrence related uncertainty is represented by a probability distribution over p. 

Furthermore, quantifying occurrence-related uncertainty according to the 'probability of frequency' 
concept for events which' occurrence is not conditional upon some activity being performed is less 
straightforward. This is caused by the fact that the experiment from which these events can possibly result 
is less well conceivable. A fter all, in this case, one can only relate the occurrence of the event in question 
with the passing of time (which is continuous), rather than with the performance of a discrete trial. 
Theoretically, the 'probability of frequency' construct could in this situation be approximated by making 
continuous time discrete, i.e. by dividing time into discrete intervals. Each of those intervals should 
subsequently be regarded as an experiment, and ought to be small enough for one to be (as good as) 
certain that not more than one occurrence of the particular event will take place during it. The constant 
probability of occurrence then equals the proportion between the number of those time intervals in which 
the event occurs and the number of observed intervals, in case the latter of the two (hypothetically) 
approaches infinity. Yet, directly adopting a suchlike approach in a simulation model will render the time 
required to run the model prohibitively large in most situations, as a result of the fact that the individual 
intervals will likely have to be relatively small. 
A solution to this issue can be found based on Aven, Nilsen, and Nilsen (2004). The latter authors note 
that the number of events that occur within a time interval composed of a large number of subintervals in 
which the event has a constant probability of occurrence, and ignoring the possible occurrence of more 
than one event in such a subinterval, can be approximately characterised by a so-called Poisson probability 
distribution with parameter A.. In addition, as described by Law and Kelton, in case the number of event 
occurrences in a particular time interval follows a Poisson probability distribution, the times between 
subsequent event occurrences (termed interarrival times) are random, independent, identically distributed 
exponential variables. That exponential distribution has the same parameter A., which represents the long
run average number of events that occurs per unit of time. Hence, epistemic uncertainty will exist with 
respect to that parameter, and can again be quantified through the calculation of a posterior distribution 
by means of Bayes' tl1eorem. 

In addition, a commonly applied construct for capturing an event's possible local impact does not exist. In 
principle, as noted before, both frequentist and Bayesian approaches of statistical inference can be used to 
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specify a probability distribution that quantifies the aleatory uncertainty in this local impact. Furthermore, 
potential parameter uncertainty can be captured by calculating a posterior distribution as described above. 
Moreover, note that model uncertainty can exist with respect to the particular probability distribution 
used. According to Bedford and Cooke, Chick, and Zouaoui and Wilson (2004), the latter uncertainty can 
be regarded as a special case of parameter uncertainty, by introducing a new discrete parameter indicating 
the distribution being used. The model uncertainty then translates into uncertainty with respect to that 
parameter, and is captured by a prior probability distribution thereon, which can be updated to a posterior 
distribution based on the available or collected system data through Bayes ' theorem. The posterior 
distribution over the parameter representing the model being used can be calculated according to the 
following equation (refer to Chick, and Zouaoui and Wilson (2004)): 

f(! f M = m k )p(M = m k ) 
P (M = m k I ! ) = - K---'--'-------'-'--=----'-- ---'--

L f(! I M = m k )p(M = m k) 
k=l 

In the above formula, M denotes the parameter representing the model being used, mk refers to a 
particular candidate model, K equals to the total number of candidate models under consideration, and~ 
is a vector of system data. 
Furthermore, since the parameters under consideration depend on the probability distribution that is used, 
both the prior and posterior distribution functions that capture parameter uncertainty need to be 
conditioned on the parameter that represents the model being employed in case model uncertainty exists. 
For the posterior distribution denoting parameter uncertainty, this results in the equation below (confer 
Chick, and Zouaoui and Wilson (2004)) : 

f(Elfx M=m . )=f(! f M = mk,~) f(~fM = m k) 
- -' k f(! I M = m k ) 

In addition, the likelihood function of the parameter that captures the model that 1s used, can be 
calculated as follows (see Chick, and Zouaoui and Wilson (2004)) : 

It should be noted that model uncertainty can also exist with respect to the aleatory part of an event's 
occurrence-related uncertainty provided that the popular 'probability of frequency' concept is not 
adopted. In that case, the model uncertainty ought to be treated as described above. 
Yet, Zouaoui and Wilson (2004) state that just one model is often considered for every input process (e.g. 
a series of event inter-arrival times through time) in practice, and that only input processes with high 
model uncertainty and enough information to assess such an uncertainty will have K>l. 

Given the existence of both aleatory and - most probably - significant epistemic (parameter and perhaps 
model) uncertainties with respect to the risks identified, the question arises as to how these uncertainties 
are to be handled when conducting simulation experiments. After all, epistemic uncertainties are not 
represented explicitly in regular process simulation models. 
In the latter respect, three alternatives exist, each of which has both advantages and disadvantages. These 
three options are briefly described below, followed by a concise discussion on their relative benefits and 
drawbacks. 

In the first place, the probability distributions that capture model uncertainty, and - conditional thereon -
those that represent parameter uncertainties can be sampled once before every simulation replication. This 
approach is termed Bayesian Model Average-based Simple Random Sampling (abbreviated BMA-simple) 
approach, and is described by Chick. The accompanying simulation algorithm is depicted in figure 7 
below. In the latter figure, E(Y f X) stands for the expected value of the simulation output variable Y 
conditional on the vector X of system data on each of the model's input processes. 
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for r = 1, . . . , R replications 
(1) Sample input distributions and parameters for the rth 

replication (epistemic uncertainty), independent of 
input distributions and parameters from the other 
replications 

(2) For the rth replication: 

end loop 

(a) sample random variates (aleatory uncertainty), 
given the rth input distributions and parameters 

(b) calculate the simulation output response y, as a 
function of those random variates 

R 

compute the estimate ~ = Ly / R of E(Y IX) 
r=l 

Figure 7: Bcryesian Model Average simulation algorithm (adopted from Chick) 
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Secondly, multiple simulation replications can be performed for every sample that is drawn from the 
probability distributions representing parameter uncertainty, conditional on the choice of a probability 
distribution for every input process with respect to which model uncertainty exists. This approach is 
denoted as the BMA-based Nested random sampling (abbreviated BMA-nested) approach, is introduced 
by Zouaoui and Wilson (2004), and corresponds to the simulation algorithm displayed in figure 8 below. 

fort= 1, ... , T possible input models 
set the input model M +-- Mt 
for r = 1, . . . , Rt parameter samples for input model t 

generate the rth sample ft' independently from f(ft I M,X) (parameter uncertainty) 
set the input-parameter vector ft+-- ft' 
for j = 1, . . . , m replications 

(a) generate the jth sample from the random variates (aleatory 
uncertainty) 

(b) calculate the simulation ouput response Yrri as a function of 
those random variates 

end loop 
m 

compute y,, = L Yr/m 
j= l 

end loop 
- R, 

compute the grand mean for the t'h input model, y, = Ly rt / R , 
r=I 

end loop 
T 

compute the weighed mean (model uncertainty)~ = L p(M, IX) y, to estimate E(Y IX) 
t=l 

Figure 8: BMA-based approach simulation algorithm (adopted from Zouaoui and Wilson (2004)) 

Regarding the notation used in the above figure, the following ought to be observed: 
Firstly, the input model M in this case refers to a set of choices on the models used. Each individual 
element of that set is a particular probability distribution that is selected for a single input process that 
exhibits model uncertainty. Hence, the total number of possible input models T equals the product of the 
total number of candidate models for each input process with respect to which model uncertainty exists. 
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Furthermore, the input parameter vector ft pertains to a vector of parameter values for all of the model's 
input processes with respect to which there is parameter uncertainty. 

The third and final approach for dealing with epistemic uncertainty is to simply ignore it and select the 
probability distributions and parameter values that are considered most likely. For deciding on a 
probability distribution, conventional techniques can be used. With respect to the determination of these 
distributions' most likely parameter value(s), three alternatives can be identified: 
Firstly, the parameter value(s) can be established based on the frequentist 'maximum likelihood estimator' 
concept, which is commonly performed in simulation studies. 
Secondly, the parameter value(s) can be determined through calculating the expected value(s) of the 
posterior distribution function (s) representing the epistemic uncertainty in the particular parameter(s) 
(refer to appendix 0 for an example). 
Thirdly, one can directly use values that were established earlier, e.g. one that was used in a previous, 
similar study, or one from a reliability database. 
In case the second of the above three alternatives is used, the approach is denoted Bayesian Non
Epistemic (abbreviated Bayesian-NE) approach in the remainder of the report. Otherwise, it is simply 
referred to as NE approach 

Below, the relative advantages and disadvantages of each of the above-described approaches for handling 
epistemic uncertainties when conducting simulation experiments are succinctly discussed. 

In the first place, one advantage of the BMA-nested approach over the BMA-simple approach is that after 
all the simulation replications have been run, an estimation can be made of the extent to which the 
eventual variation in the simulation output variables is caused by variation due to - respectively - aleatory 
uncertainty, parameter uncertainty, and model uncertainty. This information can be important to the 
decision maker due to the distinct nature of aleatory and epistemic uncertainty. 
Secondly, another benefit of the BMA-nested approach relative to the BMA-simple approach relates to 
the fact that the original simulation replications do not need to be rerun in case new information that 
reduces model uncertainty becomes available after conducting the simulation experiment. 
In the third place, as stated by Zouaoui and Wilson (2004), the variance in the estimator of the simulation 
output variable is smaller for the BMA-nested approach than for the BMA-simple approach under fairly 
general conditions, in case the former is run according to a specific replication allocation procedure. 
Fourthly, a major disadvantage of the BMA-nested approach relative to all of the other approaches is the 
enormously large amount of simulation replications that will be required. Illustrative of the latter 
statement is the fact that Zouaoui and Wilson (2004) note that typically R,:::::: 1000 for some t. This makes 
the BMA-nested approach very time-consuming. 
In the fifth place, the BMA-nested approach's simulation algorithm, in contrast to those of the other 
approaches, is currently not integrated into standard simulation software, which prevents the algorithm to 
be executed automatically or semi-automatically (as stated by Zouaoui and Wilson (2004)). This 
significantly adds to the time required to conduct a simulation study based on the BMA-nested approach. 
Sixthly, the BMA-simple approach requires more replications to be run and is therefore more time
consuming than the NE and Bayesian-NE approaches, due to the additional variability in the input 
processes that results from epistemic uncertainties. 
In the seventh place, an evident and significant drawback of the Bayesian-NE and NE approaches relates 
to the fact that epistemic uncertainties, which are likely large due to the scarcity of information on the 
risks under consideration, are not incorporated into the simulation model and therefore not accounted for 
in the variability of the simulation output. Zouaoui and Wilson (2004) conducted an experiment to 
compare the performance of interval estimates of the simulation output variables through applying the 
BMA-nested and NE (based on the 'maximum likelihood estimator' concept) approaches. The NE 
approach appeared to produce highly unreliable estimates, due to the neglecting of epistemic uncertainty. 
Furthermore, a disadvantage of the BMA-nested, BMA-simple, and Bayesian-NE approaches relative to 
the NE approach pertains to the calculation of the posterior distributions which can be time-consuming. 
In particular, the integrals that are part of the formulae used in that calculation are not always analytically 
resolvable, in which case numerical integration needs to be performed. Yet, the latter computational 
burden is often avoided in practice by specifying a prior distribution function such that - given the 
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likelihood function's distribution class - the prior and posterior distribution function are part of the same 
class of distributions. In that case, the prior and likelihood distribution classes are called conjugate. 
Finally, the benefit of the Bayesian-NE approach over the NE approach is it allows for the opinions of 
multiple experts as well as data from e.g. a reliability database to be used in specifying a prior distribution 
function, while the - probably limited amount of - system data that is available or collected is used in 
updating that prior function to obtain the posterior one. 

Considering the above, it seems that the quantification instrument's purpose can - from a theoretical 
point of view - only be fulfilled through use of either the BMA-nested or BMA-simple approaches. 
Yet, applying the BMA-nested approach is currently associated with significant practical problems, which 
probably prohibit it to be employed as part of the quantification instrument. 
Furthermore, it is unclear whether the time associated with calculation of posterior distributions and with 
performing the relatively (relative to the NE and Bayesian-NE approaches) large number of simulation 
replications under the BMA-simple approach actually impedes its use. 
Nevertheless, it is advisable to not represent the epistemic uncertainties by probability distributions unless 
they are likely to significantly affect the simulation output. The probability distributions and accompanying 
parameter values with respect to which epistemic uncertainty exists that does not meet the latter 
requirement could then be represented by their most likely values. 
Determining whether the epistemic uncertainties associated with a certain input process will have a 
significant influence on the output variables of interest is performed through a technique called 
sensitivity analysis . The details of employing this technique are provided in Law and Kelton, and are not 
covered in this report. 
Naturally, a sensitivity analysis can only be conducted once the simulation model is actually built. Hence, it 
is recommended to initially represent the probability distributions and accompanying parameter values by 
their most likely values in case one is not sure that the uncertainties with respect to the latter will 
significantly affect the simulation output. Subsequently, the simulation model is built and a sensitivity 
analysis with respect to these distributions and parameters is performed. In case this reveals that the 
impact on the output is indeed significant, the most likely values can be replaced by appropriate 
distribution functions. 
However, remark that conducting a sensitivity analysis with respect to a particular probability distribution 
or parameter can also take a considerable of time, which needs to be weighed against the time required to 
represent the model or parameter uncertainty in question by a probability distribution and the extra time 
associated with performing a larger amount of simulation replications as a result thereof. 

As stated at the beginning of this section, the next subsection briefly describes each of the steps that need 
to be completed as part of the quantification instrument in case simulation is employed (see subsection 
7.3.1). Yet, is should be noted that the latter descriptions are restricted to aspects on which the application 
of the quantification instrument distinguishes itself from more conventional comparable studies. The 
latter aspects predominately relate to the incorporation of risks into a simulation study. Thus, the next 
subsection is largely focussed on indicating how the information provided above translates into the use of 
the instrument. 

Subsection 7 .3.3: Explanation of the instrument's steps 

In accordance with what is described before, this subsection explains the different quantification 
instrument steps and sub-steps depicted in figure 6, as far as their execution differs from that of 
comparable and more conventional process simulation studies. For more information on the latter studies, 
see Law and Kelton, Goossenaerts and Pels, and Mehta. 

Step 1: Define the project 
As indicated in figure 6, this first step is itself composed of three sub-steps, each of which is succinctly 
described below. 

Sub-step 1.1: List system designs to be considered 
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Which systems designs are to be compared through employing the quantification instrument depends on 
the recommended changes in the set of process control activities that follow from the execution of the 
fifth step out of the qualitative ICO project method. 
In order to exactly fulfil the quantification instrument's purpose (refer to section 3.1), every individual 
alteration 10, as well as the collection of these changes, ought to be translated into a distinct system design. 
Yet, applying the latter principle in case of a large number of recommended changes could render the 
execution of subsequent steps prohibitively time-consuming. Therefore, which system designs should 
actually be compared depends on the situation at hand. 

Sub-step 1.2: Develop decision frame 
As described in appendix M, the concept of a decision frame refers to an internally consistent set of 
decision objectives, performance indicators, and decision variables, that together characterise the redesign 
issue in question. 
In the context of the quantification instrument, the performance of this sub-step entails the development 
of hypotheses about which performance measures are likely to be affected by the proposed changes, and 
in what way. It is wise to explicate the rationale behind these hypotheses, in order to guarantee that well
considered decisions are made in this respect and to ensure consensus exists. 
In addition, the latter performance measures naturally ought to be operationalised. With regard to these 
operationalisations, a distinction should be made between operations-dependent and operations
independent indicators. Since the operations-independent performance indicators can be evaluated 
directly based on the system designs under consideration (which is done at sub-step 9.2), they are not part 
of the simulation experiment. Furthermore, both the relevant decision variables and the changes on those 
variables ought to be described. 
Although it is advisable to always have an eye for the specifics of the situation in question, the generalised 
decision frame described in appendix M can be used in support of the execution of this sub-step. Note 
however, that - as stated in the latter appendix - the process in question ought to exhibit the 
characteristics of a workflow in order for the generalised decision frame to be fully applicable and 
relatively complete. 

Sub-step 1.3: Explicate study objectives 
The performance of this sub-step pertains to describing the research questions that are to be answered 
through conducting the simulation study. In case of the quantification instrument, these questions will 
refer to the effects of the decision variable alterations (which are embodied by the system designs 
considered) on the operations-dependent performance indicators identified as part of the preceding sub
step. 

Step 2: Design the study 
As indicated in figure 6, the above step is constituted by two sub-steps, which are consecutively described 
below. Remark that the performance of these sub-steps should be followed by the selection of a specific 
simulation tool to be used in the remainder of the study. Yet, as mentioned before, the latter issue is not 
discussed in this report. 

Sub-step 2.1: Develop black-box representation 
The concept of a black box representation is introduced by Goossenaerts and Pels, and displayed in figure 
9 below. 

1U Remark that recommended changes are only regarded as individual if it is both theoretically possible and practicable to 
implement them without having to implement any of the other proposed alterations. 



hnal report 

I m tn >11111l !ltal \ .1n.1blL' 

System ---i• ( >urpu \ .1r1.1bk' 

Figure 9: black box representation of a !}Stem (adopted from Goossenaerts and Pels) 

Remark that the control variables and output variables overlap with - respectively - the decision variables 
and operations-dependent performance indicators that are explicated at sub-step 1.2. 
Furthermore, as follows from subsection 7.3.2, three environmental variables are specifically related to the 
incorporation of risk: the occurrence (or not) of an (initiating) event after performing a particular activity, 
the inter-arrival time of an (initiating) event which' occurrence is not related to the execution of a 
particular activity, and a specific event's local impact (such as the size of an individual information 
processing error). 

Sub-step 2.2: Establish scope and level of detail 
This sub-step mainly refers to determining what ought to be included in the model and how much detail 
should be modelled. Performing the latter step in the context of the quantification instrument does not 
differ from executing it as part of a comparable, more conventional process simulation study. 

Step 3: Construct conceptual models 
Performing the above step results in one or more conceptual models for each of the system designs under 
consideration. The latter models are independent of the simulation software used and are intended to 
describe the system - in so doing opening the black box constructed as part of the previous step - prior 
to it being translated into a simulation model. The constructing of conceptual models as part of the 
quantification instrument can be done in much the same way as in regular process simulation studies. 
Note however, that the output of steps 2 through 5 out of the qualitative ICO project method (refer to 
subsection 7.3.1) can logically be used in executing this step. Furthermore, in case the process under 
consideration is supported by an ERP system, conceptual models of the process (when operated under its 
current design) already exist. 

Step 4: Collect and analyse relevant data 
As described before, the element that distinguishes the simulation study conducted in the context of the 
quantification instrument most from the more conventional ones is the incorporation of risk. 
Consequently, the specificity of the above quantification instrument step primarily manifests itself in the 
collection and analysis of data on the risk-related environmental variables listed at sub-step 2.1, namely: 

• The occurrence, or not, of (initiating) events which' occurrence is conditional upon some activity 
being performed. In case the 'probability of frequency' concept is employed, this variable is 
considered to follow a Bernoulli distribution. 

• The inter-arrival time of (initiating) events which' occurrence does not depend on the execution of a 
particular activity. If the 'probability of frequency' construct is adopted, the latter variable is 
approximately exponentially distributed. 

• The local impact of certain (initiating) events. 

Yet, as noted in subsection 7.3.2, since the concept of risk relates to events that are relatively rare, large 
amounts of data on the variables listed above will normally not be available nor collectable, which results 
in considerable parameter and - possibly - model uncertainty. 
As far as the epistemic uncertainty associated with the aforementioned environmental variables is 
expected to significantly influence the output indicators (which can - if necessary - be determined through 
sensitivity analysis as part of step 6, as described in subsection 7.3.2), this uncertainty ought to be 
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quantified by probability distributions and represented in the simulation model accordingly, in order to 
prevent unjustifiable conclusions to be drawn later on. 
As stated in subsection 7.3.2, quantifying model or parameter uncertainty can be performed through the 
execution of the following two steps: 
1. Specify a prior distribution function for the parameter under consideration. The latter parameter can 

either be a particular probability distribution parameter (in case of parameter uncertainty), or a 
parameter denoting the model that is used (in case of model uncertainty). 

2. Update that prior distribution function based on the data that is collected to obtain a posterior 
distribution function by means of Bayes' theorem. The execution of this step is illustrated in appendix 
0. 

Step 5: Construct and verify executable models 
Performing the above step refers to translating the conceptual models for each of the system designs 
under consideration into a (platform specific) simulation model, and to the debugging of the simulation 
computer program. The execution of this quantification instrument step is similar to that in more 
conventional process simulation studies. 
As described before, the materialisation of a particular risk is represented in the simulation model by the 
occurrence of the event(s) with which that risk is associated 

Step 6: Validate executable models 
Validating the executable models pertains to determining whether the simulation models that are 
constructed as part of the previous step are an accurate representation of the system for the particular 
objectives of the study. As stated before, the objectives of the simulation study conducted in the context 
of the quantification instrument are to determine the effects of changing from one system design to 
another on the performance indicators of interest. 
Considering these objectives, the main and most specific threat to the validity of the simulation models 
developed in the process of applying the quantification instrument concerns the lack of data on the 
environmental variables listed at sub-step 2.1. This lack of data can result in considerable model and 
parameter uncertainties (refer to subsection 7.3.2) with respect to those variables. Naturally, the extent to 
which the latter types of uncertainty actually threaten the validity of the simulation model is proportional 
to the degree in which changes in model and / or parameters used to represent the environmental 
variables in question affect the values of the output performance indicators. As described before, this 
degree can be approximated through conducting a sensitivity analysis. 

As indicated at step 4, in case one is confident that the epistemic uncertainties related to a particular 
environmental variable have a significant influence on the output performance indicators, or a sensitivity 
analysis performed as part of this step proves so, these uncertainties ought to be quantified through 
probability distributions and incorporated into the simulation models accordingly. Yet, it is important to 
note that doing so does not increase the models' accuracy in representing the system under consideration. 
Rather, it is a means to formally account for the level of model validity - as far as related to the 
representation of the sys tem's input processes - in the simulation study results. 

Furthermore, the fact that the concept of risk relates to events that are relatively rare likely complicates the 
use of the existing system's output data to test the validity of the simulation model representing the system 
under its current design, as far as that output is determined by the materialisation of risks. In addition, the 
same goes for checking model validity by letting people that are familiar with the system under 
consideration review simulation results for reasonableness. Law and Kelton regard these approaches as 
"the most definitive test ef a simulation model's validi!J" (page 279). 

On the other hand, in some situations, it might be possible to determine whether the risk-related 
behaviour of the simulation model (given a particular type of distribution and parameter values for its 
input processes) corresponds to the risk-related behaviour of the system under consideration through 
applying analytical techniques. An example of the latter is the use of queuing theory to determine the 
average throughput time of a process that includes rework resulting from mistakes. 

Page 58 of I(,~ 
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In addition, model validity could be increased through the use of earlier established data (e.g. from 
reliability databases, or from a previous, comparable simulation study) in representing the environmental 
variables listed at sub-step 2.1. As described before, that data can be used in the modelling of the latter 
variables either directly (NE approach) or indirectly, namely in the specification of prior distribution 
functions (BMA-nested, EMA-simple, or Bayesian-NE approach). 

Finally, note that the creation of valid simulation model representation of a system when operated under a 
new design can be severely hampered by the absence of output data, operating experience, and - in some 
cases - input process data. Yet, in this respect, the simulation study performed in the context of the 
quantification instrument is comparable to more conventional ones. 

Step 7: Design experiments 
This step is concerned with designing the simulation experiments in such a way that valid conclusions can 
be drawn efficiently. As follows from figure 6, it is comprised of three sub-steps, which are considered 
consecutively below. 

Sub-step 7.1: Determine length of the warm-up period 
Determining the length of the warm-up period refers to approximating the amount of time it takes for the 
system the reach a state that is representative of normal operating conditions (termed steady-state), and is 
required in case performance indicators are studied that are characteristic of the steady-state distribution 
of some stochastic output process. Output data collected during that warm-up period are therefore not to 
be taken into consideration. 
The execution of this sub-step in the context of the quantification instrument does not differ from that in 
regular process simulation studies, and can therefore be based either on time series or moving averages as 
suggested by Mehta. 

Sub-step 7.2: Establish run length 
In case no natural event exists that specifies the length of each simulation replication 11 , i.e. the simulation 
experiment is a non-terminating one, a reasonable run length should be established. In this respect, Mehta 
suggests that the length of each replication should be large enough for the least frequent event to occur 15 
to 20 times. In case of the quantification instrument, this implies that the length of each simulation 
replication could well be considerable, due to the fact that the events that relate to particular risks are 
relatively rare. 

Sub-step 7.3: Calculate number of replications 
This sub-step is concerned with determining the number of replications that should be run for every 
simulation model. Law and Kelton introduce a method to approximately calculate the number of 
replications needed to obtain a pre-specified confidence interval half-length for a particular performance 
indicator of interest (see Law and Kelton, page 512 and 513). This method, which requires a pilot 
experiment consisting of a certain number of replications to be performed, can naturally also be applied in 
the context of the quantification instrument in case the simulation experiment is conducted according to 
the NE or Bayesian-NE approaches. 

In case the experiment is performed according to the EMA-simple approach, the aforementioned method 
can - in principle - also be used. Yet, because this method assumes that the estimate of the population 
variance that follows from the pilot experiment will not change appreciably as the number of replications 
increases, that pilot experiment will have to include a relatively large amount of replications. After all, the 

11 Note that is assumed here that the simulation models are reset after every replication, which implies that a possible 
warm-up period should in princple be established for every replication. In practice however, the warm-up period is 
often determined based on conducting a pilot simulation experiment consisting of a certain number of replications, 
establishing the warm-up period for each of those replications, and choosing the maximum of those values as the 
warm-up period to be used in the actual experiment. 
r\lternatively, as described by Goossenaerts and Pels, the entire experiment could be performed in one long run, which 
is divided into separate replications afterwards. In that case, a possible warm-up period needs only to be determined 
once. Yet, one then should ascertain that the output values from each of the replications are independent by means of 
e.g. the Von Neumann ratio (confer Goosssenaerts and Pels). 
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probability distributions representing the epistemic uncertainties are only sampled at the start of each 
simulation replication. 

In case the BMA-nested approach is adopted, the method proposed by Law and Kelton cannot be used. 
Zouaoui and Wilson (2004) describe two different methods to determine the number of parameter vector 
samples per input model (Rt) based on a fixed number of replications per parameter vector sample (m), 
and a fixed number of total replications. Considering the conclusions at the end of subsection 7.3.2, these 
methods are not discussed further in this report. 

Step 8: Perform the actual production runs 
Step eight refers to performing the actual simulation experiments for each simulation model. In case the 
NE or Bayesian-NE approach is adopted, the execution of this step is similar to that in more process 
simulation studies. 
Yet, in case the experiments are conducted according to either the BMA-simple or the BMA-nested 
approach, the performance of the above step differs from that in regular process simulation studies (refer 
to the accompanying simulation algorithms depicted in subsection 7.3.2). 

Step 9: Compare alternative system designs 
As is depicted in figure 6, this step is composed of three sub-steps, each of which is briefly described 
below. 

Sub-step 9.1: Conduct simulation output analysis 
This sub-step pertains to the development of confidence intervals for every output performance indicator 
of interest for each of the system designs under consideration, or for the difference between performance 
indicators values across those system designs, based on the simulation results. Since multiple confidence 
interval statements are made, the confidence level of the individual confidence intervals ought to be 
adjusted upwards according to the so-called Bonferroni inequality (confer Law and Kelton, page 542). 

In case the NE-approach, Bayesian-NE approach, or BMA-simple approach is adopted, the execution of 
the above sub-step does not differ from that in more conventional process simulation studies. Yet, it 
should be noted that it is probably recommendable to make the least possible amount of interval 
statements if the BMA-simple approach is employed. After all, the output variance resulting from the 
epistemic uncertainties will cause the confidence intervals to be relatively wide as they are. 

Conversely, if the simulation experiments are conducted based on the BMA-nested approach, simulation 
output analysis cannot be performed in the regular fashion. Zouaoui and Wilson (2004) describe two 
methods to construct approximate confidence intervals for the mean value of a single output variable in 
case the BMA-nested approach is employed. Considering the conclusions at the end of subsection 7.3.2, 
these methods are not considered in this report. 

Sub-step 9.2: Calculate operations-independent output indicators 
The above sub-step is concerned with the computation of the operations-independent performance 
indicators, which can in principle be performed directly based on the system designs under consideration. 
Yet, the latter will not be straightforward for all of these indicators. Some guidance on the execution of 
this sub-step can be found in appendix M. 

Sub-step 9.3: Compare design variants 
As part of this sub-step, the performance information on each of the system designs under consideration 
that is collected as part of the two preceding sub-steps should be organised. Based thereon, the alternative 
system designs can be compared on the output performance indicators of interest. 

Step 10: Draw conclusions and report results 
On the basis of the comparisons made as part of sub-step 9.3, conclusions are drawn with respect to the 
effects of changing from one system design to another on the performance indicators identified at sub
step 1.2. Furthermore, the results of applying the quantification instrument should be reported 
appropriately. 
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As a conclusion to this subsection, note that the execution of the above-described quantification 
instrument steps and sub-steps according to the BMA-simple approach is illustrated by applying the 
instrument to a fictive case in appendix P. Although the latter case is very limited in scope, it relates to a 
situation that is commonly encountered in practice. The performance of this case study confirmed - at 
least for that particular case - the supposed disadvantage of the BMA-simple approach, namely that its 
employment can be very time-consuming. Considering the fact that the case in question is far less 
complex than the situations that will have to be dealt with in reality, the feasibility of adopting the BMA
simple approach in the context of the quantification instrument is highly questionable. 

In accordance with what is stated in the introduction to this the chapter, the next section succinctly 
discusses the relation between the first outline of the quantification instrument presented in this section 
and the Six-Sigma concept. 

Section 7.4: Relation between quantification instrument and Six-Sigma 

As described in section 3.1, PwC originally considered the concept of Six-Sigma to potentially be of value 
in light of the quantification instrument. This section briefly reflects on that original supposition through a 
succinct explanation of the relation between Six-Sigma and the first version of the quantification 
instrument presented in the previous section. To that end, a concise description of the notion of Six
Sigma - as far as relevant to the aforementioned relation - is provided first. The latter description is based 
on a previously conducted literature review of the concept, which is included in appendix Q. 
Consequently, the reader is referred to this appendix for more information on Six-Sigma. 

The concept of Six-Sigma relates to a process-centric problem solving method that is supported by a 
collection of tools and techniques, and which' institutionalisation within an organisation is supposed to 
''increase qualify to unprecedented ('breakthrough') levels" (De Mast (2003), page 256), where the notion of quality 
is interpreted as shown in figure 10 below. Remark that this figure additionally explicates the supposed 
arguments for improving on the concept. 

Quality 

Product quality: 
- performance 
- features 
- reliability 
- oonfomianoe 
- durability 
- servlceabll lty 
- aesthetics 
- perceived quaUty 

Process quality: 
- process capability 

(defect rate ) 
- cycle time 
-yield 

The customer satisfaction argument 

-

Strategic tienerits 
associated with rustomer 
satisfaction : expansion of 
mati<et share, reduction 

ot price sensitiv' 

Improvements in cost 
structure 

Bottom-line 
res1.1lts 

Showcases 

The cost of poor quality argument 

Figure 10: the concept of qualiry (copied from De Koning and De Mast (2006), page 771) 

Hence, the concept of quality can refer to either product quality or process quality. De Koning and D e 
Mast (2006) define product quality as the extent to which customer demands with respect to the product 
characteristics listed in figure 10 are met. Conversely, process quality relates to process attributes, rather 
than individual product properties, and - according to the latter authors - '~vmes down to effectiveness (the 
extent to which the process provides required features) and ejficienry (being effective at low cost)" (page 771 ). A further 
specified and generally accepted definition of the notion does not exist. Yet, examples of measures that 
are often considered to pertain to process quality are defect rates, cycle times, yield, and production costs. 
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Furthermore, the application of the Six-Sigma method evolves around the notion of empirical inquiry. 
The latter notion refers to the explanation, and - based thereon - the prediction and control, of empirical 
phenomena through the repetitive testing of conjectures to empirical evidence. 
Consequently, applying the Six-Sigma method involves extensive use of statistical techniques, and its main 
result is an explanatory network of causal relations between particular factors in a process and a certain 
quality characteristic under study (see De Mast (2003)). The latter quality characteristic is denoted as 
Critical to Quality Characteristic (CTQ), while the factors with which it is causally associated are termed 
influence factors . 
CTQs refer to measures of product or process quality (as listed in figure 10) that are the subject of a 
quality improvement project, ''in the sense that the quality problem can be translated in this f orm: one or a few CTQs 
do not meet their requirements" (De Mast (2003), page 257). On the other hand, influence factors are defined 
as )actors in the process that causal!J affect the probabilisticproperties ef a CTQ" (De Mast (2003), page 257). 
In addition, a distinction can be made between three types of influence factors, namely control variables, 
nuisance variables, and disturbances, which are defined by De Mast (2003) as follows : 

• Control variables: "continuous, discrete or even binary variables which are the experimenter's instrument to 
manipulate the CTQ. This implies that it is possible and feasible to set a control variable to a desired value" (page 
258). 

• Nuisance variables: "continuous, discrete or even binary variables which are sources ef unwanted variation that have 
to be eliminated or compensated for. It is not necessari!J impossible for the experimenter to exert influence on their value, 
but especial!J duringprodmtion it is either not feasible or unwanted to control their value" (page 258). 

• Disturbances: ''events that have an undesired consequence for the CTQ" (page 258). 

The different activities of which the method is comprised are presented in table 5 below. An overview of 
collection of tools and techniques that are commonly associated with Six-Sigma, as well as a description of 
their functionality and the Six-Sigma phase(s) in which they are applied is provided in De Koning and De 
Mast (2006). 

Phase name I Functionality I ActiYities 

Dl : Identify and map relevant processes 

Problem selection and benefit 
D2: Identify targeted stakeholders 

D efine 
analysis 

D3: Determine and prioritise stakeholder needs 
and requirements 

D4: Make a business case for the project 

Ml: Select one or more CTQs 
Translation of the problem M2: Determine operational definitions for CTQs 

Measure 
into a measurable form, and and requirements 
measurement of the current M3: Validate measurement system of CTQs 
situation M4: Assess the current process capability 

MS: Define objectives 

Identification of influence Al: Identify potential influence factors 
Analyse factors that determine the A2: Select the vital few influence factors (termed 

CTQ's behaviour Xs) 

Design and implementation of 
Il: Quantify relationship between Xs and CTQs 

adjustment to the process to 
I2: Design actions to modify the process or 

Improve 
improve the performance of settings of influence factors in such a way 

the CTQ's 
that CTQs are optimised 

I3: Conduct pilot test of improvement actions 

Adjustment of the process Cl : Determine the new process capability 

Control management and control C2: Implement control plans 
system in order that 
improvements are sustainable 

Table 5: the Six-Sigma method (adopted from De Koning and De Mast (2006) 
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When comparing the above-described Six-Sigma method with the first version of the quantification 
instrument, the following can be observed. 

In the first place, the redesign issues that are central to the application of both constructs partly overlap. 
In particular, the output quality measures identified in appendix M as part of the characterisation of the 
redesign issue that is central to the application of the quantification instrument are a subset of the product 
quality measures listed in figure 10 above. In addition, the example process quality measures mentioned 
above in the context of Six-Sigma partly correspond to some of those out of the generalised decision 
frame in appendix M. Moreover, the rather broad definition of process quality provided by De Koning 
and De Mast (2006) suggests that more of the decision frame measures might justifiably be subsumed 
under the latter notion. 
Furthermore, the two redesign issues are also partly similar in the way that the performance measures are 
influenced. After all, in case of the issue around which the application of the quantification instrument 
evolves, performance is impacted - in part - through the extent to which risks related to the work 
performed as part of the process are reduced, while the notion of risk can be considered to relate to a 
disturbance in Six-Sigma terms. 

Secondly, while the quantification instrument is to be used for the quantification of the effects of 
improvements that have already been identified based on best practices, the Six-Sigma method focuses on 
identifying the influence factors that cause a particular CTQ to not meet its requirements and design a 
solution based thereon. 

In the third place, while the first version of the quantification instrument relies on simulation to calculate 
the effects of changing from one system design to another, Six-Sigma does so by conducting a pilot 
experiment. The latter relates to the 'experimenting with the actual system'-alternative identified in section 
7.2. Remark however, that a rough sense of the change in performance that is to be expected might be 
gathered from the explanatory network or causal relations. 

Furthermore, while the first version of the quantification instrument in principle allows for the 
incorporation of events that rarely occur, it is unclear whether this would be possible when applying the 
Six-Sigma method. After all, the Six-Sigma method evolves around the notion of empirical enquiry, while 
data on the latter type of events and their effect on the CTQ under consideration will be scarce. 

In addition, while the first version of the quantification instrument enables simultaneous consideration of 
multiple output performance indicators of interest, the Six-Sigma method typically focuses on achieving 
improvements on a single CTQ (as noted by Goh (2002), and Antony (2004)). 

The latter three points in particular lead to the conclusion that the Six-Sigma method is probably 
unsuitable for use in the context of the quantification instrument. Yet, since the method is supported by a 
large number of tools and techniques, it cannot be excluded that some of these tools and techniques 
might be of value in light of the instrument. However, verifying the latter requires further research that 
exceeds the scope of the graduation project described in this report. 

Section 7 .5: Limitations and future research 

As described in the introduction to this chapter, this section is concerned with two things. In the first 
place, subsection 7.5.1 addresses the most significant limitations associated with the first version of the 
quantification instrument that is presented in section 7.3. Secondly, some directions for future research are 
provided in subsection 7.5.2, the majority of which relate to the elimination of the latter limitations. 

Subsection 7.5.1: Limitations 

The most relevant limitations that are considered to be associated with the first outline of the 
quantification instrument provided in section 7.3 are enumerated below. Remark that the generalised 
decision frame presented in appendix M is regarded as a part of the quantification instrument in the 
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remainder of this section, since it 1s used as a supporting tool in the execution of the first of the 
instrument steps. 

1. As described in section 7.2, the effects of changes to the set of preventive controls on the likelihood 
dimension of the risks to which they pertain cannot be determined based on simulation, and thus not 
through applying the first version of the quantification instrument. 

2. In accordance with what is stated in that same section, the majority of operations-dependent quality 
performance measures identified in appendix M can probably not be computed through simulation. 
Consequently, the first outline of the quantification instrument cannot be employed when considering 
risk and control from a quality management perspective (refer to section 7.1). Yet, it should be noted 
that SPA intends to focus on risk and control from an information processing and supply perspective. 

3. The evaluation of the measures that are part of the internal quality dimension, viewed from an 
operator's perspective, and of the process modification flexibility measure, which are largely 
operations-independent (see appendix M) is all but straightforward. Therefore, only very limited 
guidance on their determination is provided in the generalised decision frame. 

4. The first version of the instrument provides no support for the use of analytical techniques, although 
these might be of value in some situations. 

5. The performance indicators accompanying the set of information processing quality measures (refer 
to appendix M), which can be used to reflect potential risk impact when considering risk and control 
from an information processing and supply perspective (see section 7.1), provide relatively little 
insight into the consequences of varying levels of risk control effectiveness on the latter area. This 
results from the fact that they embody an aggregation of the inter-arrival times and - possibly - the 
local impact of individual events, rather than being determined by cause-and-effect relationships. 

6. The first version of the quantification instrument is primarily developed to be used in relation to a 
single process. Consequently, it is less well applicable in case control activities that are intended to 
reduce risk in multiple processes need to be considered. 

7. Although a number of possibilities with respect to the specification of prior probability distributions 
are outlined in subsection 7.3.2, more concrete guidance is required to enable development of suchlike 
distributions in practice. 

8. The first outline of the quantification instrument does not address the subject of possible 
dependencies between both the aleatory and epistemic parts of multiple event's occurrence-related 
uncertainties, between multiple event's local impact, and between the epistemic uncertainties 
associated with multiple event's local impact. 
Dependency between the aleatory parts of event's A and B's occurrence-related uncertainties exists if 
the occurrence of event A influences the probability or frequency of occurrence of event B. 
Dependency between the epistemic parts of event's A and B's occurrence-related uncertainties exists 
if the fact that a particular probability distribution function and accompanying parameter values are 
appropriate for modelling the aleatory part of event A's occurrence-related uncertainty impacts our 
degree of belief in the appropriateness of different probability distributions and accompanying 
parameter values for modelling the aleatory part of event B's occurrence-related uncertainty. A similar 
notion applies to dependencies between the epistemic uncertainties related to two event's local 
impact. Dependencies between epistemic, occurrence-related uncertainties could be encountered, for 
example, when modelling a situation that includes several technically identical machines that fail from 
time to time. 
Dependency between event A's and B's local impact exists in case the local impact value of event A 
influences the probability of different local impact values for event B. 
\'(!hether the above dependencies will actually be encountered in practice remains to be seen. Yet, if 
they exist and potentially have a significant influence on the output performance indicators of interest, 
developing an accurate simulation model can become very complex. 
For example, in case considerable dependencies exist between the parameter uncertainty related to the 
assumed constant probability of occurrence of two events, and that parameter uncertainty is to be 
incorporated into the simulation study through the BMA-simple approach, one cannot develop 
separate posterior distributions for both parameters and sample from those distributions 
independently at the start of each simulation replication. Rather, a joint posterior probability 
distribution reflecting the dependency needs to be developed and sampled from. 
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However, developing an accurate simulation model for the latter example is less difficult if the fact 
that a certain parameter value is appropriate for one event (approximately) eliminates all uncertainty 
with respect to the other event's parameter value. In that case, the parameter values associated with 
both events for a particular simulation replication can be based on the same sample from a single 
univariate posterior distribution function. 

9. A process to which the quantification instrument is applied ought to exhibit the characteristics of a 
workflow (confer appendix M) in order for the generalised decision frame to be fully applicable and 
relatively complete. 

10. The first outline of the quantification instrument (including the generalised decision frame) is almost 
entirely derived from scientific literature. Hence, definitive conclusions on the correctness and 
completeness of the set of performance measures and indicators in characterising the redesign issue, 
as well as on the practicability of the instrument - and in particular on the feasibility of using the 
BMA-simple approach cannot be drawn. 

Subsection 7.5.2: Future research 

Although a number of the limitations described in the previous subsection are probably inherent in 
nature, the majority of them can possibly be eliminated by further examination. Some directions for future 
research are listed below. 

A. In order to eliminate limitation 4, further examination is firstly required to answer the questions of 
which analytical techniques might be of value in the context of the quantification instrument and how 
these techniques can be applied (including the method to be used). Furthermore, one should identify 
and explicate the circumstances under which each of the individual analytical techniques can be 
employed, so as to support the decision that is to be made following the completion of the second of 
the quantification instrument steps (refer to figure 6 in subsection 7.3.1). 
It might be that the above-described research into the use of analytical techniques uncovers ways to 
evaluate some of the operations-dependent quality measures. In that case, the latter research also 
mitigates limitation 2. 

B. Considering limitation 5, more insight should be obtained into the consequences of different levels of 
risk control effectiveness within a particular process, when considering risk and control from an 
information processing and supply perspective (see section 7.1). As described in section 7.1, the 
consequences of not achieving desired results with respect to particular process performance 
measures (in this case: the information processing quality measures) are determined by their position 
within the total hierarchy of performance measures that can be discerned within an organisation. As 
can be gathered from Franssen, the quality of information processing is connected to three higher
level performance areas: 

• The quality of the decisions made in managing the organisation. After all, decision-making 
requires information. 

• The extent to which the organisation's resources are acquired, used, or disposed of without 
authorisation. As an example of unauthorised acquisition of an organisation's resources, consider 
an employee that processes fictive invoices and transfers the money that is associated with those 
invoices to his or hers own bank account. 

• The reliability of financial reporting to external parties, and the degree to which that reporting 
complies with applicable laws and regulations. 

It is recommended to focus future research on the latter two consequence-relations, since it will likely 
be difficult to identify performance measures and accompanying performance indicators for the 
quality of decision-making, let alone to quantify the effects of low-quality information processing on 
those indicators. 
Furthermore, the reliability of financial statements is formally decomposed into a number of financial 
statement assertions, which are defined by the Public Company Accounting Oversight Board 
(abbreviated PCAOB). An example of a suchlike assertion that of 'valuation or allocation', which 
refers to the inclusion of assets, liability, equity, revenue, and expense components in the financial 
statements at the appropriate amounts. These assertions might be used in support of the definition of 
performance measures. Moreover, as described in appendix M, each of the information processing 
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quality measures can be mapped onto one of these assertions, which implies that a rough sense of the 
consequence-relation between both already exists. 
In addition, it should be noted that the cause-and-effect association between the process-level 
information processing quality measures and the reliability of financial statements is influenced by 
(periodic) detective control activities that are not part of any process flow. Therefore, the resources 
consumed through executing these control activities cannot be expressed in terms of the performance 
measures that are part of the generalised decision frame presented in appendix M. 

C. In case the use of the BMA-simple approach in the context of the quantification instrument proves to 
be feasible, further study on the specification of prior distribution function should be performed, so 
as to eliminate limitation 7. The global description of a number of alternatives regarding the latter, 
which is provided in subsection 7.3.2, can be used as a starting point. 
It is expected however, that the use of generic data on the environmental variables listed as part of the 
description of step 4 in subsection 7.3.3 will be of particular importance in developing prior 
distribution functions. In addition, suchlike data is also valuable in case the NE approach is adopted 
(confer subsection 7.3.2). Although it is certainly worthwhile to examine whether generic data have 
already been gathered in previous studies, they will likely have to be collected by PwC for a large part. 
Note however, that the use of generic data to develop prior distribution functions or to specify a 
single value for event properties naturally requires these events to be general across organisations to 
some extent. Yet, as described in subsection 3.0.6, PwC is conducting a project called World Class 
Control, which is focussed - among other things - on the identification of commonly encountered 
risks. This suggests that the aforementioned requirement is met. Moreover, it might be possible to 
incorporate the collection of generic data on the events with which those commonly encountered 
risks are associated into the latter project. 
With respect to the collection of data on the probability or frequency of occurrence of particular 
events, an interesting research opportunity can be derived from the field of human reliability 
assessment. The latter field is concerned with the estimation of the human error probability 
(abbreviated HEP), which is the probability that an error occurs when carrying out a given task. As 
stated by Bedford and Cooke, almost all of the quantitative methods for human reliability assessment 
calculate the HEP in a particular situation as a function of the values taken by so-called performance 
shaping factors (abbreviated PSFs). Bedford and Cooke define these PSFs as 'Jattors in the environment of 
the operator that help determine the probability of failure" (page 223). Examples of PSFs are: time pressure, 
workload, adequacy of training, adequacy of procedures, and the complexity of the task. All of the 
human reliability assessment methods discussed by the latter authors are based on predefined notions 
of which PSFs are of interest and - in some cases - of their relative influence. 
PwC might consider adopting a similar approach to be employed in the specification of a prior 
distribution function or choice of a single value for the probability or frequency or occurrence of 
events. After all, this would allow for an approximate consideration of the influence of preventive 
control activities, since these control activities can be regarded as PSFs. In this way, limitation 1 is 
compensated to a certain extent. Yet, further research is required to determine whether developing a 
suchlike approach in relation to the quantification instrument is feasible. 

D. In consideration of limitation 8, the topic of possible dependencies between different aspects of the 
events that are associated with the risks in question, as introduced in the preceding subsection, should 
be explored further. Specific questions that ought to be addressed are: will the different types of 
dependencies described in subsection 7.5.1 have to be modelled in the context of the quantification 
instrument, and if so, how can this be done effectively and efficiently? Answers to these questions 
could be obtained by studying literature on the subject under consideration, and relating this literature 
to the specifics of the quantification instrument's purpose and application context. 

E. The further development of the first version of the quantification instrument, possibly extended by 
the research directions identified above, is to be supported by applying the instrument to real-life 
cases. This can serve several purposes: 

• To validate: 
The correctness and completeness of the performance measures and accompanying 
indicators described in appendix M, possibly extended through research direction B, in 
characterising the redesign issue. Hence, this way, part of limitation 10 can be eliminated. 
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The feasibility of simulation based on the BMA-simple approach, based on the Bayesian
NE approach, and based on the NE-approach. Thus, the other part of limitation 10 can 
be eliminated in this manner. 
The feasibility of using different analytical techniques given the circumstances, and the 
way each of these techniques ought to be applied (including the method used. All of the 
latter is identified through research direction A. 
The feasibility of applying the method for specifying prior distribution functions that is 
developed by means of research direction C, in case simulation based on the BMA-simple 
approach or on the Bayesian-NE approach has proven to be applicable. 
The feasibility of employing the approach for dealing with dependencies, which is 
developed - if required - by means of research direction D. 

• To identify opportunities for improving the quantification instrument. The process through 
which such improvements would be identified and realised bears resemblance to the so-called 
reflective cycle (see Van Aken), which is depicted in figure 11 below. As stated by Van Aken, the 
reflective cycle is the methodological form according to which design knowledge should be 
developed. Design knowledge constitutes the primary product of research for design sciences 
(such as IE&MS), and refers to knowledge that can be used by professionals in a particular field 
to design solutions for their field problems. Note that the regulative cycle, which is part of the 
reflective cycle, is presented in section 3.2. 

Establish design 
knowledge gained 

Select a class of cases 
to be studied 

Choose a particular 
case within that class 

Reflect on results 

Solve case through 
regulative cycle 

Figure 11: The reflective rycle (adopted from Van Aken) 

As follows from the above figure, the class of cases to which the improvement opportunities for 
the instrument are to be generalised should be demarcated first. Secondly, a first case within that 
class is chosen and solved according to regulative cycle (application of the quantification 
instrument). In the third place, the step 'reflect on results' relates to the identification of 
improvement opportunities in the instrument for that particular case. Fourthly, the extent to 
which these opportunities are general to the aforementioned class of cases is established, and the 
quantification instrument is improved accordingly as part of the step 'establish design knowledge 
gained'. Subsequently, the improved version of the quantification instrument is applied to a new 
case within the class of cases in question. Again, improvement opportunities are identified, 
analysed, and carried through. This process continues until a sufficiently large collection of 
individual cases has been considered. 
With respect to the above process, it is advisable to start off with a broad class of cases, and let 
opportunities to specialise different parts of the instrument to certain sub-classes present 
themselves along the way. Furthermore, as noted by Van Aken, the total set of single cases 
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selected for a particular class should be as heterogeneous as possible. Yet, one must be careful not 
to select cases that are unique in nature. While accounting for the heterogeneity principle, each of 
the single cases ought to be as representative as possible for the entire class of cases. 

F. A final direction for future research does not relate to any of the limitations described in the 
preceding subsection, but to one of the general disadvantages of simulation listed in section 7.2, 
namely: simulation studies are time-consuming and therefore expensive in terms of manpower. In 
order to make the use of the quantification instrument less time-consuming, PwC should consider 
designing generalised versions of conceptual models and accompanying simulation models. More 
information on the latter subject can be found in chapter 11 of Goossenaerts and Pels. Similar to the 
collection of generic data, the development of suchlike models could perhaps be incorporated into the 
World Class Control project. 

The above description of directions for future research concludes this chapter. The subsequent chapter 
discusses the main conclusions that can be drawn from the graduation project described in this report. 
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Chapter 8: Conclusions and recommendations 

As described in the introduction to this report, this chapter is concerned with the main conclusions that 

can be drawn from the research conducted as part of the graduation project, as well as with the 
recommendations that follow from that same research. Both are presented below, organised according to 
the project phase from which they result. 

Analysis phase: 
In the first place, the problem defined in section 3.3 should be considered insignificant. After all, the 
analysis of the termination background of the ICO proposal processes that were prematurely ended thus 
far shows that the improvement potential for each of these situations is minimal, i.e. there is very little 
PwC could have done to prevent these proposal processes from being terminated untimely. 

Furthermore, no single pattern of causes appears to underlie all of the premature endings. Yet, two 
similarities can be observed. One relates to the customer deciding to perform the project itself (two out of 
the seven cases), the other to the customer not wanting to embark on any additional projects in light of 
impending, comprehensive changes within its organisation (three out of the seven cases). 
Considering these similarities, the following can be recommended in order to perhaps slightly improve 
PwC's future performance in the ICO proposal process: 

• Turning untimely ended ICO proposal process 3 (see appendix K) into reference material to be used 
in times to come, should PwC again be confronted with customers that consider performing an ICO 
project themselves. 

• Developing something like a SWOT analysis of a situation in which a customer is confronted with the 
opportunity to purchase ICO related services while expecting large-scale changes within its 
organisation. 

In addition, although the supposed lack of quantification (refer to section 3.1) has in no way been shown 
to have had any direct influence on the premature ICO proposal process endings that occurred until 
around May first 2007, incorporating quantification into ICO projects could well become of great value to 
PwC as the market for ICO related services matures. 

Design phase: 
Firstly, the nature of the redesign issue that is central to the application of the quantification instrument 
largely overlaps with that of more conventional business process redesign projects with respect to the 
performance measures and accompanying performance indicators that are potentially affected. The main 
element on which the former issue distinguishes itself from the latter relates to the manner in which these 
measures and indicators are influenced, namely through - among other things - the extent to which risks 
related to the work performed as part of the process under consideration are mitigated. 

In the second place, some of the performance indicators that partly characterise the redesign issue that is 
central to the application of the quantification instrument do not depend on the operation of the process 
in question. Hence, they can be evaluated directly based on the system designs under consideration, 
although that is not straightforward for all of them. 
Yet, the majority of indicators are operations-dependent. Consequently, their computation requires the 
behaviour of the system under consideration to be examined. In the context of the quantification 
instrument, the studying of the operation of a particular system can only be performed based on a 
mathematical model of that system. Furthermore, performance computation based on suchlike 
mathematical models is expected to require simulation in most cases, although analytical techniques might 
be of use if the system in question is not too complex. 

Thirdly, as a result of the conclusions drawn on the nature of the redesign issue, a simulation study 
conducted as part of applying the quantification instrument is similar to regular process simulation studies 
to a considerable degree. Consequently, both types of studies require the same global steps to be 
completed. 
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The main difference between a simulation study performed in the context of the quantification instrument 
and a more conventional one relates to the fact that risks need to be incorporated into the mathematical 
models in the former case. 
Since the concept of risk is associated with events that are relatively rare, the data that is required to 
specify a probability distribution (including parameter values) to represent the aleatory uncertainties 
related to these event's occurrence and their possible local impact, will seldom be available or collectable. 
This results in considerable epistemic uncertainties. In case the event properties with which these 
uncertainties are related can significantly affect simulation output results, they prevent the simulation 
model from being valid. 
In principle, the level of model validity - as far as related to the representation of the system's input 
processes - can be formally accounted for in the simulation study results. The latter firstly requires the 
relevant epistemic uncertainties to be quantified by probability distributions through Bayesian statistical 
inference. Subsequently, the simulation can be run according to two distinct algorithms, which are termed 
the BMA-nested and BMA-simple approach (confer subsection 7.3.2). 
Although the BMA-nested approach has some advantages over the BMA-simple approach, its application 
is currently associated with significant practical problems, which likely prohibit it to be employed as part 
of the quantification instrument. 
On the other hand, the BMA-simple approach also has some significant drawbacks, which mainly concern 
the potentially large amount of time that is consumed by the Bayesian inference process and the running 
of the simulation model due to the relatively large number of simulation replications required. Whether 
these drawbacks actually impede this approach's use in the context of the quantification instrument can 
only be determined by applying it to real-life cases. Yet, it ought to be noted that the performance of the 
case study presented in appendix P confirmed - at least for that particular case - the supposition that 
conducting a simulation study according to the BMA-simple approach can be very time-consuming. 
Considering the fact that the case in question is far less complex than the situations that will have to be 
dealt with in reality, the feasibility of adopting the BMA-simple approach in the context of the 
quantification instrument is highly questionable. 

Furthermore, simulating according to the BMA-simple approach is disadvantageous in an additional 
respect, as described below. 
Recall that the quantification instrument should not only enable quantification of the effects of changes to 
a set of process control activities, it also ought to do so in a way that is understandable to both everyone 
within PwC and to the customer. 
As stated before, the nature of the redesign issue is such that simulation is probably needed in most 
situations to fulfil the quantification instrument's purpose. Since performing a simulation study requires 
specific knowledge of math, statistics, and computer science (see section 7.2), the attainability of 
complying with the aforementioned requirement is questionable in itself. Adopting the BMA-simple 
approach rather than a pure NE-approach significantly adds to the complexity of applying the instrument. 

Based on the above, it is deemed highly unlikely that adopting the BMA-simple approach in the context of 
the quantification instrument will prove to be practicable. Therefore, PwC might consider using the 
quantification instrument only to obtain a rough sense of the effects of changes to a set of process control 
activities, instead of attempting to perform a full performance analysis from which statistically justifiable 
conclusions are to be drawn. A suchlike approach would soften demands on model validity, thereby 
allowing for the use of a pure NE-approach, and could still provide enough insight into the potential 
benefits of ICO services. After all, even the knowledge of which performance measures are affected -
without any consideration of the magnitude of the effects - embodies more insight than can currently be 
provided. 
In addition, the problem of having to specify the aleatory occurrence-related uncertainty associated with 
events could be circumvented by using simulation solely to illustrate the effects of the materialisation of 
single risks, i.e. single event sequences, without considering that risk's likelihood dimension. 

It ought to be noted however, that developing valid simulation models to determine the effects on the 
performance indicators described in appendix M of changes in resource consumption related to the 
execution of detective control activities that are part of the regular process flow, may well be possible in a 
high number of situations. 
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Finally, it is recommended that the first version of the quantification instrument presented in section 7.3 is 
enhanced through future research on: the use of analytical techniques, the consequences of different levels 
of risk control effectiveness when considering risk and control from an information processing and supply 
perspective (refer to section 7 .1 ), the collection of generic data, and - possibly - the specification of prior 
distribution functions and the potential dependencies between different aspects of the risk-related events. 
In addition, the further development of the instrument is to be supported by its application to real-life 
cases, so as to validate the feasibility of its use and identify opportunities for improvement. 
Moreover, PwC should consider designing generalised versions of conceptual models and accompanying 
simulation models in order to make the use of the quantification instrument less time-consuming. 
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Appendix A: Judicial structure of PricewaterhouseCoopers' Dutch branch 
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Figure 12:judidal structure ef PwC's Dutch branch (copied from the annual report over fiscal year 2006) 
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Appendix B: PricewaterhouseCoopers' main competitors' key figures 

Deloitte Touche Tohmatsu (named Deloitte in the remainder of this document) international has 670 
offices (in 2004) in 136 countries (during fiscal year 2006) and a total number of employees of around 
135.000. Revenues (unclear whether it concerns gross or net revenue) over the past seven fiscal years are 
presented in table 6 below. 

Fiscal year 2006 2005 2004 2003 2002 2001 2000 
Revenues 

20,0 18,2 16,4 15,1 12,5 12,4 11,2 
(billions of U.S.$) 

Growth rate 
9,9 (% w.r.t. preceding year) 11,0 8,6 20,8 0,8 10,7 n.a. 

Table 6: sales figures of Deloitte international 

Deloitte's Dutch branch employs about 7.000 people that work from 34 offices in 32 cities. Net revenues 
over the last few fiscal years are included in table 7 below. 

Fiscal year 2006 2005 2004 2003 
Net revenues 

697,5 664,9 708,7 756,1 
(millions of euro's) 

Growth rate 
(% w.r.t. preceding year) 4,9 - 6,2 - 6,3 n.a. 

Table 7: sales figures of Deloitte s Dutch branch 

Note that the decline in revenues over fiscal year 2005 was largely caused by the sale of a company 
division (according to Deloitte's own statements). 

Ernst & Young international has 700 offices in 140 countries and a total number of employees of 
approximately 114.000. Net revenues over the last three fiscal years can be found in table 8 below. 

Table 8: sales figures of Ernst & Young international 

E rnst & Young's Dutch division employs 4.538 people (during fiscal year 2006) who work from 29 offices 
in 28 cities. Table 9, depicted below, contains the revenues over the last few fiscal years (unclear whether it 
concerns gross or net revenues). 

Fiscal year 2006 2005 2004 2003 2002 
Revenues 

642,5 606,5 595,4 594,3 565,6 
(milions of euros) 

Growth rate 
(% w.r.t. preceding year) 5,9 1,9 0,2 5,1 7,3 

Table 9: sales figures of Ernst & Youngs Dutch branch 
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KPMG international has offices in 144 countries and a total number of employees of about 104.000. 
Revenues over a number of fiscal years (unclear whether it concerns gross or net revenues, data over the 
fiscal year 2006 have not been made public yet) are included in table 10 below. 

Table 10: sales figures ef KPM G international 

KPMG's Dutch branch employs 4.092 people that work from 16 offices in 15 cities. Net revenues over 
the last few fiscal years are included in table 11 below. 

Fiscal year 2006 2005 2004 
Net revenues 

634,0 603,5 574,6 
(millions of euros) 
Growth rate 

5,1 5,0 
(% w.r.t. preceding year) 

n.a. 

Table 11: sales figures ef KPMG 's Dutch branch 
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Appendix C: Enterprise risk management 

CO SO (2003) defines the concept of ERM, or - in other words - risk management within organisations, 
as follows: 
" ... a process, effected ry an entiry's 12board of dimtors, management, and other personnel, applied in strategy setting and 
across the enterprise, designed to identifj potential events that mcry affect the entiry, and manage risk to be within its risk 
appetite, to provide reasonable assurance regarding the achievement of entiry of!jectives" (page 6). 
T his definition implies - among o ther things - that ERM is not to be considered a concept that is distinct 
from other organisational activities. Rather, E RM mechanisms are intertwined with an entity's regular 
operations. 

T he aforementioned objectives are classified into the following four distinct, but overlapping categories: 

• Strategic objectives: high-level goals that are aligned with and support the organisation's mission. 

• O perations objectives: goals related to the effective and efficien t use of the enti ty's resources. 

• Reporting objectives: goals that pertain to the reliability of the organisation 's financial and non-
financial reporting. 

• Compliance: goals regarding the entity's compliance with applicable laws and regulations. 
Furthermore, CO SO (2003) no tes that some organisations discern an a additional category, which is o ften 
termed 'safeguarding of resources' or 'safeguarding of assets', and refers to prevention of loss of an 
entity's resources or assets through - e.g. - theft, inefficiency or bad business decisions. Yet, the latter 
type of objectives is considered to be encompassed by the other categories, and is therefore not regarded 
as a category in its own right. 

As follows partly from the above, effective ERM results in reasonable assurance that: 

• T he extent to which the entity's strategic and operations objectives are being achieved, is unders tood. 

• T he organisation's financial and non-financial reporting is reliable. 

• Relevant laws and regulations are being complied with. 
T he use of the term 'reasonable assurance' rather than 'absolute assurance' reflects the inherent limitations 
of ERM, which result from the notion of uncertain ty that is introduced in appendix E, the possibility of 
human errors and malevolence that can never be fully precluded, and the requirement of cost 
effectiveness that ERM has to meet. 
Moreover, effective ERM cannot even provide reasonable assurance that strategic and operations 
objectives are attained, since the achievement of these kinds of goals is no t considered to be fully within 
the enti ty's control. The latter contrasts with the reporting and compliance related objectives, which are 
deemed to depend solely on how well the organisation performs the activities that are associated with their 
attainment. 

In addition, CO SO (2003) considers the notion of ERM to be comprised of eight interrelated 
components, namely: internal environment, objective setting, event iden tification, risk assessment, risk 
response, control activi ties, information and communication, and monitoring; where the second to fifth 
component inclusive together constitute a process flow. Note that these components are no t discussed 
further in this appendix. 
Except for the objectives setting component, bo th the latter process flow and the monitoring component 
appear to be rather common in risk management literature (refer to - e.g. - Pennock and Haimes (2002), 
Rijnen (2005)), and Williams et al. (2006)). Yet, the terms that are used can vary slightly from publication 
to publication. 
The relationships between the aforementioned E RM components and objective categories can be 
depicted in the form of a three-dimensional cube, as shown in figure 13 below. 

12 The terms organisation and entity arc used interchangeably throughout this appendix. 
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Figure 13: the relation between of:jectives and ERM components (t'Opied f rom COSO (2003), page 14) 

T he main message that is sought to be conveyed through the above figure is that each of the components 
is relevant to all four of the obj ective categories and vice versa, which follows - to be precise - from the 
intersections of the rows and columns. Furthermore, the third dimension analogises - in a similar fashion 
- the notion that ERM as a whole, the individual components and objective categories, and every 
combination of components and categories is pertinent to all the different levels of aggregation that can 
be discerned within an organisation. 

Accordingly, each of the individual cells that together make up the cube can be focussed on. For example, 
one could consider the top left back cell, representing the internal environment as it relates to a particular 
subsidiary's strategic objectives. 
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Appendix D : System and Process Assurance's service areas 

Besides ICO, to which the graduation project described in this report primarily pertains (confer section 
2.4), SP A discerns and markets the following service areas: 

JCT and Process Assurance: 
This area concerns the analysis of the reliability of financial reporting by means of information systems, 
testing of control through and over information systems against relevant legislation (e.g. SOX), and 
providing advice on information technology investments. The service mentioned first is the most 
important one and often carried out in order to support accountants during a financial audit. 

Third Party Assurance: 
Third Party Assurance refers to an assessment of a service provider's internal control system, which 
complies with the Statement on Auditing Standard (abbreviated SAS) 70, the internationally recognised 
standard for a suchlike audit and the only one that meets SOX requirements. The accompanying report, 
which can be submitted to all of the service provider's clients, contains the service organisation's 
description of controls and the auditor's opinion on the fairness of that representation and on the 
suitability (considering the control objectives) of the controls' design. Optionally, the auditor can test and 
report on the operational effectiveness of the controls. 
In addition to actually performing the assessment, PwC can provide service organisations with advice on 
e.g. describing the control objectives and control activities and on improving on the latter, during the 
implementation of SAS 70. 

Internal Audit 5 eroices: 
This area is primarily focused on advising companies with respect to the organisation and streamlining of 
their internal audit function, in terms of e.g. a review of the internal audit division as part of the Institute 
of Internal Auditors ' (abbreviated IIA) standards. Furthermore, PwC can support the actual management 
and execution of internal audits. 

ERP 5 ecun!J & Controls: 
E RP Security & Controls concerns the redevelopment of a company's internal control system to ensure 
control over and by means of E nterprise Resource Planning (abbreviated ERP) systems in case of an ERP 
implementation, through use of a wide range of tools and techniques. 

JCT Effectiveness: 
This area is focused on evaluating the effectiveness of information technology systems (and related 
processes) within organizations in their support of effective and efficient operations and internal control, 
analysing deficiencies in the latter field, proposing tailored solutions and supporting their implementation. 

Prqject & Pre-Implementation Assurance: 
Project & Pre-Implementation Assurance refers to providing advice on control over information 
technology investment- and improvement-projects during both the planning and implementation phases 
of suchlike ventures. 

Pa~c -- <>f I(,-
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Appendix E: Risk 

As described by, e.g., COSO (2003) and Weggeman, Wijnen, and Kor (2000), organisations exist to 
provide value. COSO (2003) considers the concept of value to pertain to 'a measure of worth, utiliry, or 
importance of an entiry 13to its stakeholders" (Appendix E, page 4), implying that value is realised in case 
stakeholders derive recognisable benefits that they appreciate. Examples of commonly noted types of 
stakeholders are customers or clients, employees, owners or shareholders, and suppliers. 

Key to the provision of value is the notion of uncertainty, which essentially refers to an inability to predict 
the future and emanates from our incapacity to fully comprehend the (observable) world and - possibly
from its inherent randomness, and is therefore faced by all organisations. Uncertainty presents both risks 
and opportunities, with the potential to respectively erode or enhance value. Thus, the concept of risk is 
intertwined with that of uncertainty and potentially diminishes the value that is provided by an entity. 

According to Weggeman, Wijnen, and Kor, the value that an organisation seeks to provide is crystallised -
in a rather general sense - in the particular entity's mission statement, as the latter embodies a more or less 
qualitative, philosophical answer to the question of why it is important that the particular organisation 
exists. Furthermore, an entity's objectives are contended to relate to clearly specified and measurable 
results that have to be achieved at a predetermined point in time, and are - either directly or indirectly -
derived from the aforementioned mission. 

Considering the above, COSO (2003) defines the notion of risk as follows: ''the possibiliry that an event will 
occur and adverse/y affect the achievement of oqjectives" (page 6). In turn, an event is deemed to refer to 'an incident 
or occumnce, from sources internal or external to an entiry, that could affect the implementation of strafe/!)' or achievement of 
oijectives" (page 38). 

Another - apparently relatively widespread - definition of the concept in mathematical parlance, is 
provided by Kaplan and Garrick (1981), and recapitulated in Kaplan (1997). The aforementioned authors 
argue that the notion of risk, denoted by the symbol R, embodies a set of triplets { <S;, L, X;> }c, with S; 
referring to a so-called scenario, L; to the likelihood of that scenario, and X; to its consequences. 
A risk scenario is considered to pertain to a specific development (as a function of time) in the state of the 
system under consideration that deviates from the desired trajectory, which is denoted by the symbol S0. 

The subscript c is included at the end of the curled brackets - representing the mathematical concept of a 
set - to indicate that R corresponds to the complete set of triplets, i.e. includes all possible or at least all 
important scenarios. 
Furthermore, the consequence index X; is characterised as being potentially multidimensional, time
dependent, and uncertain. In addition, three distinct formats for capturing and quantifying the likelihood 
L of a scenario are presented, the appropriateness of which is described to depend on the situation in 
question. The issue of expressing consequence and likelihood is addressed in subsection 7.3.2. 

However, According to Kaplan, Haimes, and Garrick (2001), the above definition needs to be refined 
somewhat, since it implies that the set of scenarios is denumerable and the number of scenarios in the set 
is finite, which seems to be out of keeping with the interpretation of a scenario as a specific development 
in the state of the system in question. Therefore, the latter authors propose the risk, R, to be represented 
by the expression {<Sa, La, Xa >}, ex E A, where the index ex ranges over a set A, which is infinite and non
denumerable. This notion is illustrated in figure 14 below, in which points represent the individual risk 
scenarios, Sa, and the total set of points in the space embodied by the plane corresponds to A. 

13 The terms organisation and entity are used interchangeably throughout this appendix. 
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Points represent 

individual scenarios, Sa 

Figure 14: geometricportrcryal of the set, A, of all risk scenarios, Sa (adopted.from Kaplan, Haimes, and Garrick) 

Moreover, Kaplan, Haimes, and Garrick establish the relation between both versions of the definition 
based on the principle that every scenario that can be expressed in a finite number of words is a set of 
scenarios itself; that is, describing a specific (undesired) development in the state of a system would 
require an infinite number of words 14. Therefore, each Si in the former of the two versions actually 
constitutes a subset of the set A in the latter version. 
Furthermore, the aforementioned authors note that - for practical purposes - the set of scenario sets, 
{Si}, should be complete (in the sense that the union of all scenario subsets equals A), finite, and disjoint 
(meaning that the no subsets ought to exhibit overlap). A suchlike set of subsets of A is termed a 
partitioning in mathematical lingo, and can be visualised as the set of boxes in figure 15 below. 

Boxes represent 

scenario sets, Si 

Figure 15: the scenario sets, S;, as diJjoint subsets of A (adopted from Kaplan, Haimes, and Garrick) 

Hence, as part of a risk analysis, one in fact attempts to identify a partitioning of the underlying risk set A, 
which is captured by the following equation: Rr = {<Si, L, Xi> }p- Consequently, Rp is an approximation 
of R based on the partition P: Rr ::::: R (refer to Kaplan, Haimes, and Garrick). 

As follows from the definition of a scenario as part of the mathematical representation of risk provided 
above, Kaplan and Garrick, Kaplan, and Kaplan, Haimes, and Garrick consider the concept of risk within 
the context of a system. A similar conceptualisation is presented by Gluch (1994), who adopts a system
view of software-development programs in order to establish a reification of the risk to which these 
programs are subjected. In addition, Hatfield and Hipel (2002) state that "there is considerable support for 
adopting the rystems approach in risk management" (page 1054). 
A system is often regarded as a set of components that act and interact together toward achieving some 
common objective 15 (see - e.g. - Law and Kelton, and Blanchard and Fabrycky (2006)). Thus, the 

14 

15 

Note that this implies that So embodies a set of (desirable) scenarios as well. 

However, remark that for some systems, in particular those that have not been consciously designed, this objective 
might not be apparent, or even be non-existent. 
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mathematical definition of risk provided above is more general 16 than that of COSO (2003). After all, the 
latter is inextricably linked to organisations, which can be considered a particular type of system (confer -
e.g. - Goossenaerts and Pels, Rouse (2005), and Weggeman, Wijnen, and Kor). 
However, the fact that the notion of an organisation refers to a specific type of system does suggest that 
the mathematical definition ought to apply to organisations as well. This in turn implies that the definition 
of risk put forward by COSO (2003) and the mathematical one should be compatible, provided that both 
are conceptually sound. Therefore, the two definitions are compared below in order to ascertain their 
compatibility. 

Firstly, while both definitions consider the concept of risk to encompass a likelihood and a consequence 
dimension, they seem to differ regarding the element to which these constructs are attached. In this 
respect, COSO (2003) refers to an event, while the mathematical definition is constructed around the 
concept of a scenario. Yet, although events are not part of the mathematical definition itself, Kaplan, and 
Kaplan, Haimes, and Garrick do recognise the relevance of events in light of the notion of risk. Their 
view on the relation between events and scenarios is presented in figures 16 and 17 below, with the 
horizontal axis representing time, and the vertical axis some measure of either the system's state, or of the 
extent to which the system fulfils its intended purpose (the axes are not denominated in either of the 
articles) . Note that the state of a system can be regarded as the set of variables that is reckoned to describe 
the system at a certain point in time for the purposes of a particular study (see Gluch, and Law and 
Kelton). 

Figure 16: relation between a single (initiating) event and a single risk scenario (t'Opied f rom Kaplan, page 414) 

Figure 17: relation between multiple (initiating) events and multiple risk scenarios (copied from Kaplan, page 414) 

The above figures illustrate that Kaplan, and Kaplan, Haimes and Garrick consider departures from the 
desired development in the system's state as a function of time, i.e. risk scenarios, to be induced by so
called initiating events. Furthermore, each of these initiating events potentially results in a complex of 
scenarios, dependent on what happens after their occurrence (displayed in figure 17). In fact, each 
branching point in figure 17 corresponds to a specific event that takes place at a point in time after the 
occurrence of the initiating event to which it is related. 

16 The universality o f the mathematical definition is corroborated by Kaplan, who remarks that it has proven to be 
applicable in a relatively large number of risk contexts, including: engineering risk, investment risk, risk from agricultural 
pests, programmatic risk, strategic risk, and environmental risk. 
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Kirchsteiger (1999) regards the concept of an event relative to that of a system as changes in components, 
or in the relations among components at discrete points in space and time. 

The relation between the notions of events and scenarios, as expounded above, can be illustrated through 
the following example: 
Imagine a fully automated production system consisting of three machines that process a single type of 
order, one at a time. Furthermore, suppose that this system is studied from a logistic perspective, and that 
the processing time of orders at each of the machines follows a negative exponential distribution. The 
latter implies that once an order is being processed, the remaining processing time does not depend on the 
amount of time that has already been spent on the order at the particular machine. 
In that case, the state of the system can be largely represented by the number of orders (waiting and being 
processed) at each of the machines. In addition, the desirable set of developments in the state of the 
system (set of desirable scenarios, So) could refer to the number of orders that awaits processing at each of 
the machines varying through time between zero and some predetermined maximum amount. Remark 
that the number of orders being processed at every machine is either zero or one at all times. 
Now assume that one of the machines breaks down during production (initiating event). In case nothing is 
done in response to this event, the orders will start piling up at the defective machine, causing an ever 
increasing deviation from the set of desired scenarios (set of risk scenarios, Si)-
A possible response to the breakdown could be an attempt to repair the defective machine, which would 
then be a bottleneck in the production system from the time of failure up to the point at which the repair 
is completed and the machine becomes available for production again (event). The system will therefore 
depart from its desired subset of scenarios during the time interval in which the machine is defective. 
Thereafter, orders would seize to stack up at the machine in question. However, the number of waiting 
orders at the particular machine could structurally be higher than the maximum amount that is part of the 
definition of the set of desirable scenarios. This depends on the length of the aforementioned time 
interval, the arrival rate of orders at the machine - which is presumed to not be influenced by the 
occurrence of the initiating event-, and the latter maximum amount. Working extra time during a period 
in which no new orders arrive could in that case cause the system to return to a desirable state. 
As a whole, the developments described in the above paragraph correspond to a set of risk scenarios, Si. 

A second (ostensible) discrepancy between the definition of the concept of risk provided by COSO 
(2003), and the mathematical one, concerns the manner in which the consequence dimension is 
represented. While the mathematical definition adopts a general notion of risk impact, COSO (2003) 
relates it to an organisation's objectives. Yet, the latter does not imply that both representations are 
mutually exclusive. Rather, the former appears to potentially include the latter. 
As for organisations, it seems appropriate to express risk consequences in terms of the objectives that are 
to be achieved. After all, these objectives - as a whole - constitute a concrete reflection of the entity's 
mission, which is far more general in nature and in turn captures the value that the organisation strives to 
create. Furthermore, the value that is to be provided relates to the degree and fashion in which the entity 
aims to serve the interests of the different parties that are involved in, or affected by its actions. The latter 
construct embodies the system's reason of existence, and therefore acts as an all-encompassing framework 
in which' light the entirety of the organisation's activities ought to be regarded. 
Yet, it should be noted that the quality of the assessment of risk impact consequently depends on the 
quality of the value-mission and mission-objectives transpositions. 
As an illustration of the above, consider the example concerning the production system described before. 
Assume that the sole objective of the system is to process the orders such, that their average throughput 
time equals or is smaller than some predetermined value, so as to realise a particular minimum level of 
production per year, and a resulting maximum cost per product. The two sets of risk scenarios identified 
before can then only be judged undesirable in the context of this objective, i.e. because the accompanying 
developments in the system's state adversely affect the average throughput times of orders processed by 
the system. 

In the third place, the mathematical definition associates risk with a complete set of - at least - all 
important scenarios and accompanying likelihoods and consequences, while COSO (2003) considers 
individual events (including resulting scenarios) and their likelihood and impact to constitute the notion. 
However, this issue does not refer to a fundamental difference between both conceptualisations, but 
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should be considered a matter of nomenclature more than anything else. After all, what is termed 'risk' 
within the mathematical definition could be denominated a 'risk profile' in COSO (2003) terminology, and 
'risk' according to the COSO (2003) definition relates to a single 'triplet' - consisting of a set of scenarios 
and associated likelihood and consequences - in terms of the mathematical construct. 
In the context of this report, risk is taken to refer to an individual (sequence of) event(s) and its likelihood 
and consequences. 

Overall, the above seems to warrant the conclusion that the definitions of risk provided by COSO (2003) 
on the one hand, and by Kaplan and Garrick, Kaplan, and Kaplan, Haimes, and Garrick on the other, are 
indeed compatible. More specifically, the latter definition provides the former one with a more solid 
conceptual underpinning, while the former definition is tailored to the specifics of an organisational 
system (and potentially to comparable types of systems) with regard to the risk consequence dimension. 

It should be remarked however, that although COSO (2003) associates the risk likelihood and impact 
dimensions with initiating events rather than with sets of scenarios, identification of these possible sets of 
scenarios through a consideration of potential subsequent events is likely required to be able to adequately 
assess the initiating event's consequences. In terms of the mathematical definition: partitioning the total 
space of risk scenarios based solely on the initiating events that can be discerned, would probably result in 
a very rough estimation of the actual risk. After all, the more fine-grained the partitioning, the better the 
actual risk is approximated. In some cases, dependent on the range of scenarios in which the initiating 
events can result, relying solely on these initiating events could even prohibit any meaningful statements 
about the impact related to (some of) the subsets that constitute the partitioning. 

Page 8.? of 16..., 
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Appendix F: The ICO proposal process' context 

The environment surrounding a single (ICO) project's proposal phase consists of an ever continuing 
process of maintaining business relationships with existing clients and targeting prospective ones, which is 
termed account management. PwC considers the latter process to be comprised of four phases, which are 
depicted in figure 18. 

Doing 
Work 

Figure 18: the account management process according to PwC 

Each of the four phases is briefly described below. 
1. Building (or maintaining) relationships. 

Activities within this stage are focused on the identification of the relevant people within a client 
organisation, categorised into decision makers and influencers, and on building and maintaining 
relationships with the latter people. A decision maker is someone with the authority and 
accompanying financial means that allow him or her to purchase a particular PwC service. An 
influencer is - as might be clear from the term itself - someone who has significant influence on one 
or more decision makers. 

2. Issue identification. 
Issue identification concerns the determination of the main issues that the client is facing and the sales 
opportunities for PwC that arise from these issues, as well as the development of a plan according to 
which PwC intends to serve the particular customer, as a means of seizing the latter opportunities. 
The aforementioned is usually conducted in collaboration with the client in question. 

3. Doing work. 
This phase logically refers to the actual provision of services, as agreed upon in the preceding stage, in 
the form of one or more projects, generating revenues (for PwC) that can range from a few thousand 
to millions of euros. 

4. Feedback. 
Activities within this stage relate to the retrospective evaluation - both internally and externally (in 
cooperation with the client) - of the work that PwC performed, and the identification of 
opportunities for future service provision improvements. 

The account management cycle outlined above might suggest that the process it describes is well
surveyable and transparent, while it is in fact rather complex in practice. A number of causes for the 
existence of the latter complexity are considered below. 
Firstly, PwC is a large organisation, which is expressed in - among other things - its large total number of 
employees, the high diversity of the services it provides, the broad range of market sectors it serves, and 
its high geographical dispersion. The same goes for a certain number of PwC's customers, at least to some 
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extent. Therefore, it would be unrealistic to think of both PwC and those particular customers as single 
entities in their business relations with one another. As a result, PwC can have business relations with a 
particular customer on a multitude of levels, each of which most probably requires the account 
management process - as described above - to be executed. Naturally, PwC has developed internal 
coordination mechanisms in order to efficiently use its internal and external network and optimise the 
consistency of appearance towards its clients, such as a database containing information on previously 
conducted projects and accompanying internal and external contacts, and assigning all responsibility for 
the overall service provision to a particular customer to one person (called a (Global) Relationship 
Partner). 
In the second place, the different stages of which the account management cycle consists are not 
sequential in nature, but rather show considerable overlap. For example, building and maintaining 
relationships with relevant decision makers and influencers is an activity that should be executed 
continuously, albeit possibly at different levels of intensity at different moments in time and for different 
customers. Furthermore, PwC is always on the lookout for new client issues and resulting sales 
opportunities. 
Thirdly, PwC employees from a diverse range of organisational units (e.g. the different lines of service) 
can be involved in a single project. Therefore, the service provision of the different organisational units 
within PwC to the company's clients is significantly intertwined. In addition, some distinct organisational 
units offer similar services on certain areas, which clouds the links between the organisational entities of 
which the company consists and PwC's service provision and customers even further. 
Finally, PwC's network of - in particular - external contacts can be considered a decisive factor in the 
success of the account management process. However, the latter network inherently consists in part of 
informal components and is dynamic in nature, making it impossible to completely formalise it by means 
of - for example - the database mentioned above. Therefore, the network has limited transparency and 
can never be utilised to its theoretically optimal extents of efficiency and effectiveness. 

In principle, PwC aims to develop close relationships with its clients, which should consider them to be a 
'partner in business ' rather than an external service provider. Naturally, the company lacks the resources 
to establish suchlike relationships with all of its customers. Furthermore, developing a bond of the latter 
nature requires PwC to invest considerable amounts of time and money, which are justified only in case of 
either considerable financial gains (on the shorter or longer term) or by relationships that are deemed 
important for its corporate image. In light of the aforementioned, PwC has developed global and national 
lists of key targets per line of service. 
Establishing close bonds with key customers not only provides assurance with regard to the amount of 
expected revenue and profits, it also reduces the abovementioned complexity of the overall account 
management process to a certain degree, due to the fact that it has a mitigating influence on its dynamics. 
With respect to the latter, a structural difference between PwC's Accounting and Advisory branches exists. 
After all, contracts related to the auditing of financial reports often run for around five years, while 
Advisory projects are characterised by an average throughput time of around two to three months. 
Therefore, the account management process for the Advisory branch is more dynamic and thus more 
complex. 

An ICO project's proposal process, or any project's proposal process for that matter, is considered to be 
part of the issue identification stage of the account management process, but logically refers to the level of 
a single (ICO) project. Because an ICO project is merely concerned with a relatively narrow array of PwC 
services (implying relatively limited flexibility to adapt to customer needs), one or more client issues 
related to the ICO service area are likely to be identified on a higher level 17 prior to the ICO project's 
proposal phase. After all, PwC's policy consists of firstly identifying the customer's needs, primarily by 
listening to the client in question, and subsequently determining how PwC can address those needs best 
considering its total range of available services. That way, the client should perceive the solution that is 
offered as being tailored to his or hers situation, rather than thinking of PwC as a company wanting to sell 
one or more standardised products. Once one or more issues related to the service area ICO have been 

17 The term higher level logically refers to a stage at which the spectrum of possible issues and thus services considered 
includes but transcends ICO and therefore probably also involves people from higher levels of the organisational 
hierarchies o f both PwC and the customer. 
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identified on a higher level, a subsequent meeting with the customer will be focused on confirming the 
presence of the particular need(s), possibly discuss them in more detail, presenting the ways in which PwC 
can serve those needs on a general level, and scoping of the potential project. PwC's preparation for the 
latter conversation, which is termed the intake meeting, is seen as the beginning of the ICO project's 
proposal phase. 
Note that a representative from PwC could also meet with a potential client with the intention of selling 
an ICO project, while no ICO related need is identified beforehand (on a higher level in collaboration 
with the customer). Although this does not correspond to PwC's sales strategy in principle, it is possible 
for the PwC employee to shape the situation accordingly by creating awareness for one or more ICO 
related issues indirectly and actively listen for sales opportunities related to other PwC services. Naturally, 
the latter requires considerable sales skills. 
Furthermore, the PwC representative could have a concrete reason to assume that customer awareness of 
ICO related issues already exists or can be establish relatively easily. For example, PwC could have 
encountered ICO related needs and an already existing awareness at a number of similar clients. In those 
cases, no higher level identification is required prior to the intake meeting. Furthermore, the PwC 
employee involved can probably confront the customer with the issues directly, rather than attempting to 
create awareness cautiously. 
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Appendix G: D emarcation justification 

As described in section 3.3, this appendix consecutively explicates the rationale behind the delineations of 
the ICO project (in section G.1) and the ICO proposal process (in section G.2) provided in - respectively 
- subsection 3.0.3 and subsection 3.0.4. 

Section G.1: ICO project demarcation justification 
As described in subsection 3.0.3, the main implication of the ICO project delineation is that it excludes 
ICO related services that are provided as part of other types of projects (e.g. a SOX compliance project) 
from the definition of an ICO project. Two reasons for this exclusion exist. 
Firstly, the problem underlying my graduation project (see section 3.3) is experienced primarily in 
situations that fulfil the conditions listed above, i.e. in which the ICO service is not merely a part of a 
bigger whole. 
In the second place, should ICO be intertwined with other types of services within a particular project, an 
analysis of the potential termination of the latter project during its proposal stage would logically require 
aspects related to these other services to be considered, thereby significantly broadening the scope of the 
research relative to when the above criteria are applied. A suchlike scope is not deemed to fit the limited 
amount of time that is available to complete the graduation project. 

Section G.2: ICO proposal process demarcation justification 
The demarcation of the ICO proposal process, as described in subsection 3.0.4, is made for a number of 
reasons, which are considered in turn below. 

In the first place, the central problem underlying the graduation project (confer section 3.3) primarily 
manifests itself in the ICO proposal process as delineated in subsection 3.0.4, meaning that possible 
termination occurs at a stage ranging from the initial client meeting to (and logically not including) the 
eventual signing of the engagement letter. In particular, note that a potential pilot project is excluded from 
the object of analysis for this reason. As stated before, a suchlike pilot project refers to applying ICO to a 
small part of a company prior to possibly conducting the actual project. Thus, upon completion of the 
pilot project, the client decides whether the project is to be continued, implying that there is a possibility 
for the it to be ended. In practice however, ICO projects do not seem to be terminated following the 
performance of a pilot project. Combined with the additional effort that would be required to include the 
execution of these pilot projects in the analysis, it is deemed justified to leave the aforementioned out of 
consideration. 

Secondly, the possible higher level issue identification (see appendix F) is not defined as being part of a 
ICO project's proposal phase because the associated customer meeting(s) are not solely oriented towards 
ICO related issues. Therefore, an analysis of the possible decision - made by the particular client - not to 
further pursue the opportunity to address a potential ICO related need could require the other issues 
discussed and accompanying high-level solutions proposed to be taken into consideration. Furthermore, it 
would be hard, if not impossible, to come up with a list of meetings concerned with higher level issue 
identification that involved ICO associated needs. Hence, the aforementioned does not align with the 
limited amount of time that is available for conducting the graduation project. 

Thirdly, the construction and maintenance of relationships preceding the identification of issues is not 
included in the proposal process definition for two reasons (on top of the first point brought up above). 
Firstly, there are no indications whatsoever that causes for the graduation project's central problem exist 
within the latter area. Secondly, PwC's network of internal and external contacts is central to the 
construction and maintenance of relationships. As described in appendix F, this network is inherently 
composed - in part - of informal elements and is dynamic in nature. This results in the construction and 
maintenance of relationships being (in general) relatively intangible and therefore difficult to research. As a 
consequence, analysing the latter is again not considered to fit with the limited amount of time that is 
available for executing the graduation project. Note however, that aspects of the relationship management 
stage that directly pertain to the proposal process itself are part of the analysis. 
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Furthermore, since the doing work and feedback stages of the account management process (refer to 
appendix F) succeed a particular project's proposal process, causes for the potential ending of the project 
in question as a result of its proposal phase should naturally not be sought in the former stages. 
Furthermore, although it is theoretically possible that certain aspects of the doing work and feedback 
stages of one project (in part) cause the premature ending of another project, no indications for the latter 
were found up until defining the object of analysis. As a consequence, the last two stages of the account 
management process are excluded from the aforementioned. 

Finally, remark that the start of the proposal process as defined in subsection 3.0.4 slightly differs from 
PwC's traditional interpretation, in that the company considers the proposal phase to begin once the 
customer decides that PwC is allowed to submit a concept proposal (after one or more meetings). 
However, since ICO projects are also ended during or as a result of the client meeting(s), the latter should 
logically be part of the object of analysis. Because the eventual object of analysis largely overlaps with 
PwC's common notion of a proposal process, it was decided to slightly broaden the original definition 
rather than introduce a new term. 
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Appendix H: Detailed description of the ICO proposal process steps 

Starting point for the description of the ICO proposal process in this appendix is the process model 
depicted in subsection 3.0.5, which explicates the different steps - as far as considered relevant within the 
context of the graduation project - of which the latter process normally consists as well as their common 
ordering. In addition, the latter steps are classified as either internal or external, depending on whether or 
not they solely require involvement from PwC. 
For each of these steps, four questions are answered: 
Wry? This question relates to a step's objective from the perspective of PwC. 
What? This question pertains to what the execution of a step actually entails, i.e. what is done in order to 

achieve the objective described before. 
How? This question refers to the manner in which the step is performed, including the most relevant 

supporting instruments that are possibly used. 
Who? This question regards the people that are involved in the execution of a step, on behalf of both 

PwC and the client, as far as general indications on the latter can be provided. 
Furthermore, average throughput times for certain combinations of consecutively performed steps are 
given. It should be remarked however, that the throughput times associated with the different steps are 
highly dependent on situational characteristics and therefore show significant variation. 
Combined, the above aspects are considered to capture the essence of the respective steps and thereby of 
the ICO proposal process as a whole. 
Finally, note that steps 2, 4, and 6 are described jointly, because they only exhibit sufficient consistency in 
their collective contents, i.e. the division of these contents over the respective steps can vary considerably 
from project to project. As a result of the latter, the same goes for steps 3 and 5. 

1: 

What? 

How? 

Who? 

Prepare intake meeting 

To increase the likelihood of being able to closely connect with the customer's situation 
and minimise chances of mistakes made by PwC during the intake meeting, as well as to 
find the appropriate client contact(s) to approach in case one or more ICO related issues 
have not been identified on a higher level prior to the initial meeting and the customer 
has not contacted PwC in the latter context. 
Dependent on how well the PwC representative(s) in question already know(s) the 
particular client, general information on the customer organisation and on the market in 
which it operates (e.g. main competitors and recent market developments), as well as 
information on the political set-up within the organisation is retrieved, i.e. the relevant 
decision maker(s) and influencer(s) are identified. From the latter, the appropriate client 
contact(s) is (are) distilled if necessary. 
Furthermore, attention is paid to PwC's conversation strategy, i.e. how the PwC 
representative(s) involved in the intake meeting plan to achieve their objectives. 
In the first place, general company and market information can be collected using a 
variety of supporting instruments, such as the company's and its main competitor's 
websites and a number of websites developed by PwC. 
Secondly, information on decision makers and influencers is retrieved through PwC's 
network of internal contacts, which is - in part - captured by the database CLEAR and 
the Global Financial System (abbreviated GFS). Both contain information on previously 
conducted projects (including contacts), but logically, the GFS is more expressively 
focussed on financial information. 
The preparation for the intake meeting is usually performed by the senior manager that 
will be in charge of the ICO project in case it is continued after its proposal phase 
(generally Robert van Vianen). In addition, the senior manager informs possible other 
PwC employees that will be participate in the meeting about the customers' situation and 
they jointly deliberate on the conversation strategy. 

Usually, the preparation of an intake meeting takes around two hours to complete. 
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2, 4, and 6: 

What? 

How? 

Who? 
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Conduct intake meeting, conduct second meeting, and conduct workshop 

To convince the client of the value of an ICO project, conducted by PwC, for his or her 
situation, and sharpen and align both sides' expectations with respect to a suchlike 
project. 
First of all, PwC should develop customer commitment to the ICO related issues that his 
or her organisation is possibly facing. The effort that is required to attain the latter 
logically depends on the customer's level of awareness prior to the meeting. As noted in 
appendix F, a distinction between four situations can be made with respect to the 
aforementioned (ordered from highest to lowest degree of expected effort): 
A. The intake meeting takes place without previous higher level identification of one or 

more ICO related issues, and without PwC having a concrete reason to assume that 
customer awareness already exists or can be created fairly easily. 

B . One or more ICO related issues have been identified on a higher level before the 
proposal process started. 

C. PwC has a concrete reason to assume that client awareness already exists or can be 
created fairly easily. The strongest possible indication for the presence of customer 
awareness is embodied by the situation in which a client contacts PwC regarding one 
or more ICO related needs. 

D. A combination of situations Band C. 
Secondly, the client needs to be persuaded, possibly both in absolute and in relative (to 
PwC's main competitors) terms, of the competence of PwC in dealing with the ICO 
related issues that are identified. 
In the third place, the ICO related needs are investigated further, resulting in an 
agreement on the scope and objectives associated with a possible ICO project. 
Finally, the project approach (including a rough planning) and resulting deliverables are 
negotiated. 
All of the above can take place in a dialogue between representatives from both PwC and 
the customer, in which - as mentioned before - the ones from the client are supposed to 
do most of the talking. 
However, in case the customer is not convinced to a sufficient extent after the first two 
meetings of either (or both) the presence or the importance of the ICO related issues his 
or her organisation is presumed to be facing, or the project scope needs further 
specification, a workshop can possibly be conducted. A suchlike workshop usually 
includes more client representatives from a wider range of hierarchical levels, is structured 
more explicitly, and requires PwC employees to take the initiative more expressly than the 
two preceding meetings. 
During the above meetings and possible workshops, two types of supporting instruments 
are used. 
First of all, marketing materials such as flyers and so-called placemats that state - for 
example - the general drivers, benefits and possible triggers of ICO, and briefly explain 
what ICO actually entails. 
Secondly, reference material, i.e. summaries of previously conducted ICO projects 
including the savings that were attained as a result. 
The intake meeting is usually conducted on behalf of PwC by the senior manager that will 
be in charge of the project, should it actually be continued after its proposal phase. 
Furthermore, the responsible partner (dependent on the particular customer) often 
attends the latter meeting as well. Io addition, an internal expert can be present in case 
PwC expects the dialogue to require specific, in-depth knowledge of some kind. Besides, 
now and then, the senior manager has already selected one or more PwC employees that 
will become part of the potential future project team prior to the initial meeting. The 
latter employee(s) can possibly take part in the intake meeting too. 
Who is involved in the initial meeting on behalf of the client depends on the meeting's 
point of departure (A, B, C, or D, confer the above), the political set-up within the 
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3 and 5: 

What? 

How? 

Who? 
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customer organisation, and the involved PwC representatives' personal network of 
contacts, as well as PwC's network of contacts as a whole. However, no matter what, the 
client representative(s) can always be categorised as a decision maker, an influencer, an 
expert on the specific ICO related topics to be discussed, or a combination of the 
aforementioned. 
The second meeting and possible workshop are performed on behalf of PwC by the 
senior manager, possibly in cooperation with the internal expert and project team 
member(s), which was (were) involved in the intake meeting. 
Who participates on behalf of the customer is entirely dependent on the situation, but a 
workshop includes - as stated before - people from a relatively broad range of 
hierarchical levels, e.g. both the Chief Financial Officer (abbreviated CFO) and a number 
of process owners. 

Prepare second meeting and prepare workshop 

To sharpen and attune both sides' expectations with respect to the second meeting and 
the possible workshop, to minimise the probability of mistakes made by PwC during the 
second meeting or workshop, and to ensure that a workshop - if executed - will proceed 
smoothly, as PwC is required to take the initiative more expressly in that case than 
throughout the preceding meetings. 
The preparation of the second meeting and possible workshop is partially conducted in 
cooperation with the client and in part solely by PwC. 
The collaboration with the customer entails - in this context - the establishment of 
agreements on who will participate in the second meeting on behalf of the client, as well 
as on the meeting's objective. In case of a workshop, the scope, desired results and 
agenda are additionally discussed. Note that because the latter part of the preparation is 
actually performed during the meeting that precedes the step that needs preparation, it is 
not depicted separately in the model contained in subsection 3.0.5. 
Furthermore, the preparation that is performed exclusively by PwC merely pertains on 
the one hand to the discussing of the strategy that is to be applied during either the 
second meeting or the workshop (i.e. how can the probability of attaining PwC's goals 
throughout either of the activities be maximised), and on the other to developing 
materials (e.g. Power Point slides) that are to used throughout the workshop, if executed. 
The former part of the preparation is logically conducted in a dialogue between PwC and 
the customer. No supporting materials are used in this case. 
The only supporting instruments that are available for performing the internal 
preparation are materials that were used during previously executed workshops. 
In the first place, the former part of the preparation is naturally conducted by the people 
that participate in the meeting prior to the activity being prepared. 
Secondly, the internal preparation is performed by the senior manager, possibly in 
cooperation with the internal expert and project team member(s), which was (were) 
involved in the intake meeting. 

The execution of steps 2 through 6 is characterised by an average throughput time of one and a half 
weeks. 

7: 

What? 

Compose prqject team 

To put together a group of PwC employees that - considering the total population of 
available resources - fits the specific properties of the possible project best, and will 
therefore be responsible for the future execution of the possible project. 
First of all, an assessment is made of the total number of people that is needed to 
conduct the possible ICO project, as well as of their necessary knowledge and skills or 
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8: 

What? 

How? 
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experience. This estimation is based on the previously established agreements on the 
possible project's scope, objectives, project approach and deliverables, and the properties 
of the customer in question (such as the industry sector in which the company operates) . 
Furthermore, the relative - relative to other (possible) projects - importance of the 
possible project should be determined, in order to maintain a well-balanced division of 
PwC employees over the different projects. 
Finally, based on the aforementioned and the future availability of potential team 
members, a final project team composition is established. 
The different activities of which this step is described to consist - in particular the first 
two - are generally not executed systematically and explicitly, but rather represent the 
elements that can be discerned within the involved PwC representative's line of thought. 
The following supporting instruments facilitate the composing of a project team: 
In the first place, PwC's database CLEAR can be used to retrieve information on past 
projects (including contacts) that can serve the aforementioned assessment as well as the 
identification of potential team members. 
Furthermore, PwC's database Retain can be consulted to develop insight into the future 
availability of potential team members. 
The project team is put together by the senior manager that was involved in all of the 
preceding steps. In addition, the senior manager is in some cases assisted by an employee 
that is exclusively responsible for the facilitation of the overall planning of SP A projects. 

Write and submit concept proposal 

To clearly explicate what was agreed on in preceding steps, as well as to inform on the 
project team, the fee that PwC will charge and PwC's and SPA's general conditions that 
apply to the possible ICO project. 
Ideally, the concept proposal should confirm or even strengthen the client's previously 
established notion of the relevance of the ICO related issues his or her organisation is 
supposed to facing, and of PwC's competence in dealing with these issues. 
Firstly, the agreements between PwC and the customer on the scope, objectives, 
approach (including planning), and deliverables related to the possible ICO project that 
were made in preceding steps are put in writing. 
In the second place, a summarisation of the possible ICO project's background is 
developed. 
Thirdly, the project team is described in terms of the specific knowledge, skills or 
experience of each of the team members, as well as their future responsibilities in the 
possible ICO project. The latter information could be complemented with curriculwn 
vitas of the people involved. 
In the fourth place, the total nwnber of hours that the team will need to complete the 
possible ICO project is determined on the basis of the different activities that follow 
from the project approach. Based on the team members' fixed hourly rates and a possible 
discount, a project fee is calculated. Both of the aforementioned are logically included in 
the concept proposal. 
Fifthly, PwC's general conditions as well as SPA's special terms are, as far as applicable to 
the possible ICO project, incorporated in the document. 
In the sixth place, the letter accompanying the concept proposal - called engagement 
letter - is written. 
Furthermore, the concept proposal as a whole is checked on spelling, grammar, and lay
out. 
Finally, the document's contents are double-checked and the concept proposal is 
subsequently sent to the customer. 
A number of supporting instruments can be used in performing the above. 
First of all, the concept proposal's desired structure is outlined in a proposal template. As 
can be derived from the aforementioned, the latter structure consists of the following 
consecutive components: 
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1. Background 
2. Objectives and scope 
3. Approach and deliverables 
4. Staffing, time and costs 
5. General conditions 
Secondly, the databases CLEAR and Business Development Library contain - among 
other things - proposals related to previously conducted projects, which can serve as 
examples in the development of new ones. 
In the first place, the actual writing of the proposal is generally performed by the senior 
manager that had a major part in the entire process thus far. In case members of the 
potential project's future team were involved from the start of the proposal phase 
however, parts of the writing are sometimes delegated to them. 
Secondly, a secretary is responsible for checking the document on spelling, grammar and 
lay-out, as well as for sending it to the client. 

On average, the composing of the project team and writing and submitting of the concept proposal itself 
takes around one day. However, the average joint throughput time associated with these activities is two 
days. 

9: 

Wly? 
What? 

How? 

Who? 

Discuss concept proposal 

To reach a final agreement on all aspects considered in the concept proposal. 
First of all, the concept proposal's elements with which the customer disagrees - if any -
are explicated. The latter elements can possibly refer to any of the proposal's components 
(as listed above). 
Secondly, consensus on the necessary changes to these elements is to be reached through 
negotiation between PwC and the client. 
The aforementioned is conducted in a dialogue between PwC and the customer, which 
can - dependent on the size and nature of the disagreements - be performed face-to-face, 
by telephone, or through a conference call. 
No supporting instruments are available for executing this step. 
On behalf of PwC, the discussing of the concept proposal is performed by the senior 
manager, sometimes in cooperation with the potential project's future team member(s) 
and internal expert(s), as far as they were involved from the start of the proposal phase. 
The actual staffing logically depends on the magnitude and nature of the possibly existing 
disagreements. 
Who participates in the discussion on behalf of the client is largely dependent on the 
situation. However, at least one decision maker is always involved. 

Usually, the discussion of the concept proposal requires one and a half hours of time. 

10: 
Wly? 
What? 

How? 

Who? 

Write and submit final proposal 
To finalise the agreements on the possible ICO project. 
Firstly, the agreed upon changes to the concept proposal are made. 
Furthermore, the final proposal is checked on spelling, grammar, and lay-out. 
Finally, the document's contents are double-checked and signed, and the definitive 
proposal is subsequently sent to the customer. 
The supporting instruments that can be used in the execution of this step are equal to 
those at step 8. 
In the first place, the incorporation of the changes is usually performed by the senior 
manager, but sometimes delegated to one of the possible project's team members that 
was involved from the beginning. 
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Secondly, a secretary is responsible for checking the document on spelling, grammar and 
lay-out, as well as for sending it to the client. 
Finally, double-checking and signing of the proposal's contents is executed by the partner 
that is responsible for the particular industry group. 

On average, writing and submitting the final proposal takes around half an hour. The associated average 
throughput time is one day. 

11: 
Wiry? 
What? 

How? 

Who? 

Sign contract 
To formalise the agreements on the possible ICO project. 
Should the customer agree with the contents of the final proposal, he or she signs the 
document and sends it back to PwC. 
Since PwC is not directly involved in the actual signing of the contract, this question is 
not considered to be relevant in this case. 
Signing of the contract is performed by the client's decision maker in question. 

As a conclusion to this appendix, remark that the execution of the different steps is - in addition to the 
instruments considered above - supported by the skills and knowledge (partly developed through 
experience) of the PwC representative(s) involved, and possibly by the consultation - i.e. indirect 
involvement - of internal experts, e.g. with regard to a specific industry sector, and (therefore) by PwC's 
network of contacts. 
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Appendix I: Deviations from the regular ICO proposal process flow 

In order to be complete, the description of the ICO proposal process should not solely pertain to the 
regular course of events, as covered in subsection 3.0.5, but additionally consider the most significant 
variations on the aforementioned. The significance of a particular deviation is determined by two aspects, 
namely its frequency of occurrence, and its impact on the contents of the ICO project's proposal process. 
Logically, the significance of a certain variation is proportional to both. 
The two most significant deviations are concisely discussed below, so as to complement the description in 
the subsection 3.0.5. 

First of all, an ICO project's proposal phase can - in principle - be ended by either PwC or the customer 
during or after the execution of each of the process steps described in subsection 3.0.5. 
The possible termination of the proposal process by PwC is based on a continually, often not really 
explicitly made assessment of - on the one hand - the probability of the project to actually be executed as 
well as the resulting effort that will be required from PwC during the remainder of the proposal phase, 
and on the other the expected benefits related to the future project from the perspective of PwC 
Logically, the actual decision to abandon a possible ICO project's proposal process is motivated by the 
existence of an imbalance between the former and the latter in PwC's view. 
T he variables that possibly influence the potential ending of the proposal stage by the customer are 
expounded on in subsection 4.2.2, and are therefore not covered here. It should be noted however, that 
although a suchlike termination can occur at any stage in the proposal process, practice shows that a client 
usually decides to end the ICO project - if terminated at all - during, or directly after the execution of 
steps 2, 4, 6 or 9. 
Naturally, the impact of a suchlike deviation on the course of an ICO project's proposal phase is 
extremely high. Its frequency of occurrence is already covered in subsection 4.2.1 , and is therefore not 
elaborated on at this point. 

Secondly, the ICO proposal process is subject to high frequency variations during the stage that succeeds 
the preparation of the intake meeting, and precedes the composing of the project team. As remarked in 
subsection 3.0.5, the external and internal steps of which this phase consists only exhibit a certain degree 
o f consistency in their collective contents. In addition however, the number and order of the meetings and 
possible workshops can also vary considerably from project to project. Furthermore, the aforementioned 
stage can include separate presentations at the client that serve to clarify a certain topic discussed prior to 
the particular presentation. Suchlike presentations are not performed very often though. 
Although being characterised by a high frequency of occurrence, the aforementioned deviations' impact 
on the course of the ICO proposal process is rather limited due to the previously mentioned consistency 
in the involved steps' collective contents. 
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Appendix J: Information on the limited use of scientific literature in the analysis 

In the first place, the amount of articles found that could be of use in light of the third research question 
(as described in section 4.1) was rather small, although a large collection of databases (e.g. Google Scholar, 
ABI Inform, Psych Info, Emerald MCB, E lsevier Science Direct, Web of Science) was searched on a 
multitude of (combinations of) both controlled (thesaurus) and uncontrolled terms. 

Secondly, the papers out of this small collection of articles that pertain directly to the process according to 
which (professional) services are purchased (refer to Day and Barksdale Jr. (1992 and 1994), Ettenson and 
Turner (1997), Gallouj (1997), and Kugyte and Sliburyte (2005)) all appeared to conceptualise the latter 
process in a manner that does not entirely fit the ICO proposal process in two respects. 
Firstly, all of the aforementioned authors presume the customer to recognise a certain need and start a 
tendering process subsequently. Yet, the analysis that is conducted as part of the graduation project has 
shown that PwC was the one to start the ICO proposal process in almost all of the cases, and often 
needed to convince the customer - to a certain degree - of their need for an ICO project. 
In the second place, as a result of the above, the factors that are considered to be relevant within the latter 
process concern criteria for the selection of a service provider out of a collection of providers, as well as 
to their evaluation after the service has been rendered. The analysis however revealed that competitors 
were involved in only one out of the total of eleven ICO proposal processes. Yet, in two out of the 
remaining ten cases, the client decided to perform the associated ICO project itself. In that respect, the 
particular divisions within customer organisations that could be supposed to possess the knowledge and 
skills to conduct ICO projects might be considered competitors as well 

In the third place, the selection of a service provider is severely complicated by the intangible nature of 
what is bought, which precludes the evaluation of the service that is offered prior to its purchase. In fact, 
as remarked by Kugyte and Sliburyte, and Gallouj, most professional services cannot even be evaluated 
after their conswnption, because the client lacks the necessary knowledge or capacity. This forces the 
consumer to base their assessments on surrogate indicators of quality such as corporate image and 
friendliness of service staff (refer to Kugyte and Sliburyte, and Day and Barksdale Jr. (1994)). Day and 
Barksdale Jr. (1994) note that although the discovery of these indicators is important, the identification of 
the particular cues that customers use to assess a provider on indicators such as industry experience and 
reputation is of equal significance. Yet, the latter authors were unable to find studies that examined these 
cues. It should furthermore be remarked that researching the selection and evaluation process is highly 
complex due to the fact that indicators (and cues) that are used as well as their relative importance are 
likely to vary in time and from person to person (confer Day and Barksdale Jr. (1994), and Gallouj). 

In addition, both Day and Barksdale Jr. (1994), and Ettenson and Turner observe major shortcomings in 
prior research on client decision making in the purchasing of (professional) services. 

Besides the articles that focus on the process according to which services are purchased, a nwnber of 
papers that examine the relations between the concept of relationship quality, its determinants, and sales 
success in a service environment (refer to e.g. Crosby, Evans and Cowles, and Huntley) were found. 
Crosby, Evans and Cowles remark that effective relationship selling is highly critical in the context of 
professional services. The latter is supported by the fact that the establishment of close relationships with 
customers is part of PwC's sales strategy (confer appendix F). However, Huntley notes that ''there is a lack 
of J)!Stematic theory construction based on a common!J accepted definition of relationship quality" (page 703). Therefore, 
although the notion of relationship quality is concluded to drive the emergence of future sales 
opportunities (Crosby, Evans and Cowles) or actual sales and recommendation intention (Huntly), the 
value of these conclusions is questionable. Nevertheless, general information on the nature of the relation 
between PwC and the client, and between the different people that were directly involved is collected for 
every ICO proposal process, as noted in subsection 4.2.2. 
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Appendix K: Individual ICO proposal process descriptions 

As stated in the introduction to section 4.2, this appendix provides descriptions of both the untimely 
ended and the successfully completed ICO proposal processes that were conducted thus far. 
Apart from the variables that are expounded in subsection 4.2.2, a description of customer organisation in 
question, the PwC employees involved, the (intended) project scope, and the external proposal process 
steps that were conducted are recorded for every project in order for the descriptions to be more 
complete and to possibly discover patterns that were not to be expected beforehand. Furthermore, the 
point at which the proposal process was terminated (if that was the case) might contain valuable 
information on what could have potentially caused its ending. 
In addition, the description of each of the untimely terminated ICO proposal processes contains an 
account of the reasons and causes behind its ending, as well as of what PwC should have done differently 
- according to the company itself - with hindsight, if anything at all. The latter is subsumed under the 
proposal process attribute termed 'Termination background'. 

The descriptions of each of the respective ICO proposal processes are presented in tables 12 through 23 
below. 
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Proposal process attribute I Value 
Customer An international mobile communications carrier's Dutch branch. 
Nature o f relation between PwC and customer PwC had been the client's accountant for around six years. 

C. PwC had recently conducted a SO X compliance project at the client, which revealed m ajor inefficiencies in the customer's 
system of internal control. O ne o f the problem owners expressed awareness o f these inefficiencies in one of the meetings that 
took place as part o f that SOX compliance project. 

Proposal process starting point (A, B, C, D ) 
According to PwC, the existence o f momentum fo r an ICO project resulted from a combination o f two facts. O n the one 
hand, the client was actively searching for opportunities to rapidly reduce costs, since its parent company allowed cost savings 
to be invested according to the customer's own judgement. On the o ther hand, the high degree o f inefficiency enabled 
relatively high savings on a short term. 

Conducted external process steps An intake meeting. 
Customer representatives involved The CFO (decision maker) and the risk manager (problem owner). 
PwC employees involved Robert van Vianen. 

Client and PwC representatives involved knew each other quite well, because Robert had already been involved in two major 
N ature of relation between people involved projects at the particular customer, which required him to deliberate with bo th the CFO and the risk manager. T here were no 

indications of disturbances within this relationship. 
Intended project scope ICO within the four financial processes that were part o f the scope of the SOX project. 

Both the CFO and the risk manager were committed to conducting an ICO project after the intake meeting. However, the 
CFO was compelled to submit the project to a representative o f the customer's parent company for approval. This person did 
not give permission, because a cost reduction project was to be carried out on an international level, and the parent company 
wanted to await the latter project's results before possibly embarking on the ICO project. PwC was not aware of the parent 
company's influence in advance, but attempted to get in contact with a parent company representative following the rejection. 

Termination background 
Yet, this attempt stranded internally. 

In addition to the future cost reduction project, the upcoming SOX update might have had influence on the parent company's 
decision, as it was planning on an international SOX update compliance project tlrn t could possibly include some ICO. 
Furthermore, the company's D utch branch had been preliminarily taken out o f the SOX project scope due to a decrease in 
materiality that resulted from a decline of revenue. Logically, the aforementioned negatively influenced the importance placed 
on internal con trol within the D utch division. 
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Proposal process attribute I Value 
Customer 

Nature of relation between PwC and customer 

Proposal process starting point (A, B, C, D ) 

Conducted external rocess ste s 

Nature of relation between people involved 

Intended project scope 

Termination background 

An international ICT-consultanc , -desi , -de lo ment, and -mana ement services rovider's Dutch branch. 
PwC had been the client's accountant for around eight years. Furthermore, PwC's Advisory branch had performed a number 
of ro·ects at the articular customer. 
B. Prior to the start of the proposal process, a periodical, higher-level issue identification meeting was conducted. The latter 
meeting was attended by Robert van Vianen and a SP A partner. The Information Management and Business Processes 
(abbreviated IMBP) director participated on behalf of the client. One of the topics that came up during this conversation was 
the Six-Sigma programme the company was initiating, which resulted in a follow-up meeting and thereby the start of the 
proposal process. 

PwC believed there to be momentum for an ICO project for a combination of three aspects. First of all, the client was 
initiating a Six-Sigma programme and the IMBP director had committed himself to a certain amount of cost reduction as a 
result of this endeavour. In the second place, PwC had observed a large number of inefficiencies in the company's system of 
internal control during previous projects (in the context of the financial audit), meaning that cost savings potential existed on 
this area. T hirdly, PwC had conducted ICO projects in a Six-Sigma-like manner in the past (Robert van Vianen being a Six
Si a master black belt . 
An intake meetin , which was focussed on ICO on the one hand, and the client's Six-Si a ro ramme to-be on the other. 
The director IMBP decision maker and roblem owner . 
Robert van Vianen. 
Robert had spoken with the IMBP director on several occasions prior to the proposal process. The relationship between both 
was ood. 
Because of the rather general nature of the intake meeting, a potential project's exact scope had not been agreed upon yet. 
However, ICO was to be incor orated into the com an 's future Six-Si ramme. 
The customer did not want to engage in an ICO project at that time due to the uncertainty resulting from the upcoming 
mer er with another firm. 
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Proposal process attribute I Value 
Customer 

Nature of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Conducted external process steps 

Customer re resentatives involved 
PwC em lo ees involved 

Nature of relation between people involved 

Termination background 

PwC's Advisory branch had performed 
relationshi s are unknown. 

in various Euro ean countries. 
a SOX compliance project at the particular client. Potential further business 

C. During the SOX compliance project that PwC conducted prior to the proposal process, the client appeared to experience 
difficulties describing their control measures. Furthermore, the customer indicated to be aware of inefficiencies within its 
internal control system during the aforementioned project. The latter inefficiencies were naturally also observed by PwC, and 
mainly concerned insufficient use of opportunities for automation 

On the other hand, there were no indications for the existence of momentum for an ICO project at the time apart from the 
focus on internal control resultin from the SOX com liance ro·ect. 
Two meetings. Both aimed to further explain what ICO entails, the associated drivers, triggers, and benefits, as well as PwC's 

roach to ICO ro·ects on a hi h level . 

The PI director had been in charge of the SOX compliance project on behalf of PwC and had a very good relationship with 
the Risk Mana er, who su ervised the latter ro ·ect on behalf of the customer. 

The client was setting up an internal audit division at the time and wanted to give this division the opportunity to develop itself 
on areas such as process and control optimisation without interference from external parties, in order to develop internal 
capabilities to a maximum extent. 

It should be noted that the company eventually appeared to be unable to perform all tasks on - among others - the 
aforementioned areas itself. Therefore, one PwC employee has been dedicated to the customer in question for two years in 
order to support the internal audit department. However, as can be concluded from the aforementioned, this support concerns 
a domain that extends be ond ICO. 
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Proposal process attribute I Value 
Customer An international provider of telecommunication services' D utch branch. 

PwC had been the client's accountant for a long time (at least seven years). In fac t, the customer in question was one of PwC's 
Nature of relation between PwC and customer largest on the area of Assurance. Furthermore, PwC's Advisory branch had conducted a number of projects at the particular 

clien t. 
C. A SOX compliance project, performed by PwC, was on the verge of being completed at the moment the proposal process 
started and had revealed rather large inefficiencies within the system of internal control. T he customer acknowledged the latter 

Proposal process starting point (A, B, C, D) 
and wanted to start an ICO project directly after completing the SOX compliance project. 

The momentum for the ICO project followed from the client's desire to initiate a suchlike project directly after completion of 
the SOX compliance project, since the knowledge gained through the latter project would still be fresh at that point. 

Conducted external process steps An intake meeting. 
Customer representa tives involved The Risk Manager responsible for the customer's main divisions (problem owner). 
PwC employees involved Robert van Vianen and a SP A partner. 
Nature of relation between people involved All people involved had worked together on the SOX compliance project. T heir relationship was good. 
Intended project scope A potential pro ject's scope had not been agreed upon yet. 

The client decided to carry out the project internally, because it considered itself to posses the necessary knowledge and skills 
to do so. PwC knew of the presence o f the latter knowledge and skills in advance and was therefore already aware of the fact 
that its role in a potential project would be limited to providing some additional support and / or purely manpower. 
Logically, executing the project internally would cost the customer less than involving PwC. The latter should be considered in 
ligh t of the fact that the clien t radically reduced the overall budget for PwC services prior to the proposal process. T his 
reduction was caused by two aspects. In the first place, the customer was now 'in control' according to PwC, meaning that less 
money would need to be spent on improving the effectiveness of the internal control system . Secondly, the customer and PwC 

Termination background had made some ambiguous agreements on who was going to do what in past projects. As a resul t, PwC performed and charged 
for relatively much work. Although the client recognised its own responsibili ty in this matter, the issue resulted in mo re 
consideration being spent on the division of work over internal and external parties and - in part and as stated before - caused 
the budget decrease. 

With hindsight, PwC acknowledges that chances of success would have been higher if the proposal process was star ted earlier, 
i.e. not just before completion o f the SOX compliance project, as the clien t had indicated to want to start an ICO project 
dir ti th ft 
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Proposal process attribute I Value 

Customer 

N ature of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Conducted external rocess ste s 

Customer representatives involved 

eo le involved 

Intended project scope 

Termination background 

The Dutch branch of a company providing subscription services worldwide, functioning as an intermediary between a large 
collection of ublishers and their client base. 
PwC had been the client's accountant for around three years. Furthermore, the Tax & Human Resource Services branch had 

erformed some ro'ects at the com an in uestion. 
A. According to PwC, there was no concrete reason to assume that client awareness with respect to one or more ICO related 
issues would exist. However, previously conducted projects in the context of the financial audit had shown that the company's 
system of internal control was both ineffective and inefficient. 

In PwC's view, momentum for an ICO project existed because a reorganisation was about to occur and the customer was in 
the middle of a conversion from an outdated information technology system to a SAP enterprise resource planning system. 
Both could logically have significant impact on the company's processes and system of internal control. The fact that part of 
the client's processes and internal control system were changing or about to change anyway, in combination with the fact that 
past projects had revealed that the current system of internal control was both inefficient and ineffective, could convince the 
customer that the time was ri ht to redesi the latter s stem. 
An intake meetin . 
The CFO (decision maker). Apart from the fact that he was the most knowledgeable with respect to risk management within 
the client's organisation, this person was chosen as a conversational partner because he was relatively new to the company and 
therefore - accordin to PwC - ossibl more liable. 
Robert van Vianen and an Assurance artner. 
Robert did not know the CFO in advance. The assurance artner did, however, and there relationshi was ood. 
The project was intended to be aimed at optimising the company's entire system of internal control, with an emphasis on 
subscri tion mana ement. 
Because of the fact that the company's costs were surpassing revenues, it was searching for opportunities to cut costs quickly. 
For that reason, a reorganisation was about to take place, as mentioned above. In light of this reorganisation, the customer did 
not want to en a e in an additional ro·ects that could result in si · ficant chan es. 

Page 102of1(>7 



I ·inal report Pcpijn l\ laa ~ 

Proposal process attribute I Value 

Customer 

Nature of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Conducted external process steps 

The Dutch branch of an organisation that performs various media-related functions, such as magazine, newspaper and 
educational ublishin , rovision of electronic media services, and ress distribution and kiosk o erations. 
PwC had been the client's accountant for around two years at the start of the proposal process. Due to an incident on 
international level, that business relationship ended around one year ago. Yet, the latter incident took place after completion of 
the ro osal rocess, meanin that it was of no influence whatsoever. 
D. A higher-level issue identification meeting was conducted prior to the start of the proposal process by Robert van Vianen 
and an Assurance partner on behalf of PwC, and the CFO on behalf of the customer. 
Furthermore, awareness of ICO related issues within the client's organisation existed - according to PwC - for two reasons. 
On the one hand, an evaluation of the internal control system in the context of the financial audit had shown that controls 
were not described properly. O n the other hand, the aforementioned evaluation revealed that the company, which had just 
started to implement a SAP enterprise resource planning system at the time, was not properly shaping its IT general controls. 
Besides, the customer itself had indicated it was struggling with the development of these controls. 

PwC considered the momentum for an ICO project to primarily follow from the facts that the company was implementing the 
SAP enterprise resource planning system at the time, and that part of the ICO related problems were directly connected with 
this s stem. 
An intake meeting, a discussion of the concept proposal, and signing of the contract. After signing the contract, a workshop 
was performed. The goal of this workshop was to increase the level of risk awareness within the relevant part of the 
organisation by firstly expounding PwC's view on risk and internal control, and subsequently translating that view to the 
client's situation and triggering participants' own thoughts on the matter by asking questions. Following this workshop, the 

ro·ect slow! died out. 
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Proposal process attribute I Value 

Customer representatives involved 

PwC em lo ees involved 

Nature of relation between people involved 

Intended project scope 

Termination background 

The CFO (decision maker) was involved from the beginning of the proposal process to the signing of the contract inclusive. 
The workshop was conducted by the PwC representative involved in cooperation with the risk manager (problem owner) and 
attended by a number of people from the IT department (problem owners). 
No problem owners were involved in the proposal process for political reasons. PwC realizes that, in general, this does not 
re resent a desirable course of events. However, the s ecific client situation re uired a deviation from that o timal ath. 
Robert van Vianen. 
Robert already knew all of the different client employees involved from previously executed projects. Their relationship was 

ood. 
ICO within IT processes. More specifically, a control framework showing the relevant IT processes, related risks, and 
accom an in current controls as well as control a s was to be develo ed. 
In the period following the completion of the workshop, the level of risk awareness within the IT department appeared to still 
be rather low, considering the involved employees did not seem to want to dedicate the required amounts of time and attention 
to the ICO project. The involved manager's level of commitment grew, according to PwC, during the execution of the project, 
but he was unable to motivate his subordinates to cooperate to a sufficient extent. PwC then tried to draw in the CFO in order 
to make use of his influence, but he refused because he considered the project to be the involved manager's responsibility. 
Eventually, PwC decided to abandon the project since all additional effort proved unfruitful. 

In retrospect, PwC considers the lack of risk awareness within the particular client's organisation to be a fundamental problem, 
since both PwC and its main competitors have been and are currently struggling with similar issues at the customer in question. 
According to PwC, the lack of risk awareness might be related to the nature of the company. 
On the other hand, PwC acknowledges that it would have been better to have taken more time to perform the workshop (or 
possibly have conducted more workshops) in order to have created more room for discussion and by doing so, involving the 
customer re resentatives to an even hi her de ee. 
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Proposal process attribute I Value 
Customer 

ature of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Conducted external process steps 

Customer representatives involved 

PwC em lo ees involved 

Termination background 

The client can be characterised as a track 2 target customer. The specific type and number of consultancy services provided 
rior to the start of the ro osal rocess are unknown. 

A. According to PwC, there was no concrete reason to asswne that client awareness with respect to one or more ICO related 
issues would exist. However, the proposal process was started by PwC because it came to PwC's attention that an IT manager 
within the customer organisation wanted to redesign part of the company's system of internal control based on the CobiT 
framework. 

Momentum for a potential ICO project logically followed from the client's intention to redesign part of its internal control 
s stem. 
Two meetings and a presentation. The first meeting was more of an introductory talk, in order for the conversational partners 
to get acquainted. During the second meeting and presentation, ICO, the associated drivers, triggers, and benefits, as well as 
PwC's approach to ICO projects (on a high level) were explained and discussed. This resulted in the client asking PwC to write 
a conce t ro osal. The customer terminated the ro osal rocess after the latter docwnent was submitted. 
The IT manager (decision maker and problem owner) only attended the first meeting. The IT application manager (decision 
maker and roblem owner was involved in all of the external ro osal rocess ste s. 

After PwC had submitted its concept proposal, KPMG appeared to have performed a similar project at another division within 
the client organisation. The customer then decided to let KPMG conduct the project, considering the fact that KPMG would 
be more knowledgeable with respect to the client on the area of internal control of IT processes due to this prior experience. 
It should be noted that the customer representatives involved in the proposal process did not know of the previously 
conducted ro·ect b KPMG until after PwC submitted its conce t ro osal. 
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Proposal process attribute J V aluc 
Customer 

Nature of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Customer representatives involved 

PwC em lo ees involved 

Nature of relation between people involved 

A distributor and trade marketer of odd issues of ma azines, comic books, novels and uzzles within the Netherlands. 
PwC had been the client's accountant for around two years at the start of the proposal process. Due to an incident on 
international level at the customer's parent company, that business relationship ended around one year ago. Yet, the latter 
incident took lace after com letion of the ro osal recess, meanin that it was of no influence whatsoever. 
C. A project, carried out by PwC in the context of the financial audit revealed inefficiencies within the company's system of 
internal control. 

Momentum for an ICO project existed, because the client had developed a project plan in which high priority was given to 
ICO related activities. 

The controller (decision maker and - in part - problem owner) was involved all proposal process steps. The COO (problem 
owner onl attended the intake meetin . 
Robert van Vianen. 
Robert had been involved in projects at the particular client for quite a long time and therefore knew the both of the client 
re resentatives involved well. Their relationshi was ood. 
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Proposal process attribute I Value 

Customer 

Nature of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Conducted external process steps 

Customer re resentatives involved 

PwC employees involved 

Nature of relation between people involved 

Project scope 

The same as that of untimely ended project 2, namely an international !CT-consultancy, -design, -deployment, and -
management services provider's Dutch branch. The prematurely terminated project's proposal process preceded the execution 
of the ro·ect described in this table. 
PwC had been the client's accountant for around eight years. Furthermore, PwC's Advisory branch had performed a number 
of ro·ects at the articular customer. 
C. A customer representative had informed PwC that the company was about to start with its Six-Sigma programme. 
Furthermore, awareness of the ICO related issues had been developed during the previously conducted - but unsuccessful -
proposal process. 

PwC believed there to be momentum for an ICO project for a combination of three aspects. First of all, the client was on the 
verge of initiating a Six-Sigma programme and the IMBP director had committed himself to a certain amount of cost reduction 
as a result of this endeavour. In the second place, PwC had observed a large number of inefficiencies in the company's system 
of internal control during previous projects (in the context of the financial audit), meaning that cost savings potential existed 
on this area. Thirdly, PwC had conducted ICO projects in a Six-Sigma-like manner in the past (Robert van Vianen being a Six
Si a master black belt . 
Five meetings, a discussion of the concept proposal, and the signing of the contract. 
Looking back, PwC is of the opinion that the preparation of the various meetings should have been better. Since it took a while 
before PwC determined what the client wanted to achieve through its Six-Sigma programme, more meetings were conducted 
than necessa . 

Robert van Vianen (all proposal process steps) and a PI principal manager (two meetings and discussion of the concept 
ro osal . The PwC re resentatives involved develo ed the conce t ro osal to ether. 

Robert had been involved in previous projects at the particular client and therefore knew both of the customer representatives 
involved quite well. Their relationship was good. The PI principal manager did not know both of the client representatives very 
well prior to the proposal process. Yet, he got along fine, especially with the Six-Sigma specialist, because of their shared 
back ound. 
ICO and process improvement encapsulated into the company's Six-Sigma programme. Because of the process improvement 
element, it is questionable whether this project complies with the formal demands on a project to be called an ICO project 
refer to subsection 3.0.3 . 
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Proposal process attribute I Value 

Customer 

Nature of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Customer representatives involved 

PwC em lo ees involved 

Nature of relation between people involved 

The same as that of untimely ended project 6, namely the Dutch branch of an organisation that performs various media-related 
functions, such as magazine, newspaper and educational publishing, provision of electronic media services, and press 
distribution and kiosk operations. The proposal process related to the project that is described in this table was initiated around 
three months after the termination of the revious ro·ect. 
PwC had been the client's accountant for around two years at the start of the proposal process. Due to an incident on 
international level, that business relationship ended around one year ago. Yet, the latter incident took place after completion of 
the ro osal rocess, meanin that it was of no influence whatsoever. 
C. The customer's CFO had contacted PwC concerning ICO related issues in the process related to selling advertisements. 
Furthermore, previously conducted projects in the context of the financial audit had shown that the company's system of 
internal control was both ineffective and inefficient. 

According to PwC, the existence of momentum for the ICO project followed from the client's own desire to conduct an ICO 
project. The latter desire resulted from the fact that the process in question embodied an important source of income for the 
customer. 
An intake meetin and the si of the contract. 
The CFO (decision maker). 
Similar to the prematurely terminated project, no problem owners were involved in the proposal process for political reasons. 
PwC realizes that, in general, this does not represent a desirable course of events. However, the specific client situation 
required a deviation from that optimal path 

PwC considers the fact that this project was completed successfully and the preceding one was not, to be primarily caused by 
the higher level of risk awareness within the customer's organisation during the successfully completed one. The latter mainly 
resulted, in PwC's view, from the fact that the process related to the selling of advertisements embodied a significant source of 
income for the client, while the IT processes on which the previous project focussed did not. However, PwC also 
acknowled es that the fact that three worksho s were now conducted, instead of ·ust one, had some influence in this res ect. 
Robert van Vianen. 
Robert had been involved in previous projects at the particular client and therefore already knew the customer's CFO. Their 
relationshi was ood. 
ICO within the process related to selling advertisements. More specifically, a control framework showing the relevant risks, and 
accom an in current controls as well as control a s was to be develo ed. 
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Proposal process attribute J Value 
Customer 
Na ture of relation between PwC and customer 

Proposal process starting point (A, B, C, D) 

Conducted external process steps 

Nature of relation between people involved 

Project scope 

PwC had been the client' s accow1tant for around three ears. 
C. The client was inlplementing a SAP enterprise resource planning system and expressed its desire to design a selection of its 
authorisation procedures (part of the company's system of controls) more efficiently during a project that was conducted in the 
context of a financial audit. 

The fact that momentum for an ICO project existed directly followed from the customer's desire to conduct an ICO project, 
which in turn resulted from the inlplementation of the SAP enterprise resource planning system since this provided 
o ortunities for the authorisation rocedures to be desi ed more efficient! . 
The signing of the contract. No external process steps were performed prior to the latter, because the project had a rather 
limited sco e. 
The head of the client's IT de artment. 

Robert had been involved in projects at the particular customer before and therefore knew the client representative involved 
rather well. Their relationshi was ood. 
Redesigning the authorisation procedures within the company's payroll process. It seems questionable whether this project 
does not merely concern an E RP Security & Controls project, since it could be considered to pertain solely to the automation 
of certain controls, without reasonin from a broader rocess- and risk-related 
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Appendix L: Example of a hierarchy of performance measures 

As noted in section 7.1, figure 19 below contains an example of a hierarchy of performance measures 
across the four perspectives of Kaplan and Norton's Balanced Scorecard. Remark that the abbreviation 
'ROCE' stands for 'return on capital employed'. 
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Figure 19: example ef a hierarcly ef performance measures (copied from Kaplan and Norton, page 31) 
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Appendix M: Generalised decision frame 

Goossenaerts and Pels introduce the concept of a decision frame as a means of expressing the issue 
around which a redesign project centres. It is displayed in figure 20 below. 

Figure 20: the decision f rame (copied from Goossenaerts and Pels) 

As can be seen in the figure, the decision frame is constituted by three kinds of items, namely: decision 
objectives, performance indicators, and decision variables. 
Decision objectives are a statement of the types of system performance (i.e. performance measures) that 
are targeted by the redesign project, as well as the desired performance development on these measures 
that is to be achieved through the project. 
Performance indicators embody the operationalisation of the performance measures and therefore enable 
explication and comparison of the system's actual and desired performance. 
Decision variables refer to the attributes of the system that can be altered as part of the redesign in order 
to impact the system's performance. In addition, these decision variables can be accompanied by so-called 
decision constraints, which are limitations on the possible values of the decision variables. 

Furthermore, figure 20 stresses the importance of consistency between the items of which the decision 
frame is comprised. Firstly, performance indicators should be consistent with performance dimensions to 
allow for a valid comparison of the system's actual and desired performance. In the second place, decision 
variables ought to be consistent with performance indicators in order for the alignment of targeted and 
actual performance to be achievement through changes of these variables. Note that compliance with the 
latter two requirements implies consistency of decision variables and performance dimensions. 

In the remainder of this appendix, the redesign issue expounded in section 7 .1 is characterised further 
through elaborating it - as far as possible - into a generalised decision frame. The specification of the 
measure- and indicator-dimensions of the latter decision frame is largely founded on the work of 
Loosschilder (2006). Therefore, the implications of, and justification for doing so are briefly discussed 
prior to actually characterising the redesign issue further. 

Loosschilder conducted a literature review on performance measurement of a specific type of process 
termed workflow, in order to establish a basis for determining the effects of redesigning suchlike 
processes. In the context of that review, a workflow is interpreted as a business process that delivers 
services or informational products. Reijers (2003) typifies this interpretation as popular, but slightly 
narrow. According to the latter author, workflows exhibit two essential characteristics that enable them to 
be differentiated from other kinds of processes. These properties, which are described below, seem to also 
be part of the workflow definition employed by Loosschilder, albeit implicitly. 
In the first place, a workflow is case-based. The concept of a case refers to "the suf?ject of operations in a 
business process execution" (Reijers, page 15), such as a subscription request, a mortgage application, or the 
request for a specific invoice to be processed and paid. A particular process is regarded as case-based if 
each activity that is part of its execution can be associated with one single, discrete case. The singularity of 
the case implies that it is uniquely discernable from all of the other cases, while its discreteness requires it 
to originate and be completed at clear points in time. 
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Secondly, a workflow is a make-to-order process, meaning that the receipt of an order triggers its 
execution. Thus, a workflow cannot be performed in advance of the actual order, which represents a 
make-to-stock situation. 
Yet, Reijers also states that practical workflows can incorporate batch processing and periodic activities, 
which violate the above characteristics to some degree. After all, batch processing and periodic activities 
refer to a number of single, discrete cases being piled up and handled as a whole. In addition, the 
execution of periodic activities and of batch processing activities are triggered by, respectively, the expiring 
of a fixed period of time and the arrival of a predetermined amount of cases. 

The results of the study by Loosschilder consist - among other things - of a set of performance 
dimensions, decompositions of those dimensions into a collection of performance measures, and 
operationalisations of these measures. The performance dimensions and the measures of which they are 
comprised represent a synthesis of the dimensions and measures that are employed in scientific literature 
as a means to express performance of the aforementioned type of process. Translation of the performance 
measures into an operational form is based on the author's own thinking, due to a lack of literature on 
that subject. 

Furthermore, while the dimensions of performance described by Loosschilder can be considered to apply 
to all kinds of processes (as stated by Reijers), their disintegration into performance measures is specific to 
workflows to a certain extent, as it appears to be impossible to derive a completely universal set of these 
measures. Hence, the development of a generalised collection of performance measures and 
accompanying performance indicators for the type of ICO projects defined before is prohibited by the 
necessity of reflecting differences in nature between workflows and other types of processes. 

As describe before, it is decided to base the set of performance measures and their operationalisations on 
the work of aforementioned author. The resulting focus on workflows is deemed to be justified by SP A's 
current strong orientation towards administrative processes that are particularly relevant in light of reliable 
financial reporting, such as the billing of customers and the processing of invoices. After all, these 
processes deliver services or informational products. In addition, it is expected that the majority exhibits 
the two essential workflow characteristics discussed before, based on a rough inspection of a number of 
example processes. 

In accordance with what is stated above, the next part of this appendix is concerned with the actual 
specification of the performance measures, performance indicators, and decision variables for the kind of 
ICO project defined before. Remark that although Loosschilder is not referred to in every single 
paragraph that follows, the description of the measures and indicators are partly constituted of 
paraphrases and quotations of the latter author's work. 

Performance measures: 
Loosschilder contends that the following performance dimensions are representative of the dimensions 
used in literature to express the performance of workflows: 

• Time 

• Cost 

• Quality, which can be split into an external and an internal quality sub-dimension 

• Flexibility 

Furthermore, the latter author distinguishes between a number of perspectives from which these 
dimensions could be considered, each of which relates to the interests of a particular stakeholder in the 
process in question: 

• The management perspective, which concerns the viewpoint of the party that governs the process. 

• The customer perspective, pertaining to the viewpoint of the party that receives the process's output. 

• The operator perspective, which relates to the viewpoint of those who are concerned with the actual 
execution of the process. 

According to Loosschilder, these perspectives can be mapped onto the performance dimensions identified 
before as displayed in table 24 below. 



l ·inal report Pcpijn ~ I:rn' 

Quali 

Table 24: relation between performance dimensions and perspectives according to Loosschilder (adopted from Loosschilder) 

Yet, it is advisable to complement the above perspectives with a regulator perspective, in order to enable 
incorporation of performance relating to the objectives category of compliance, as discerned by COSO 
(confer appendix C). This perspective is associated with the external quality sub-dimension. In addition, as 
is described later, an extra element is added to the internal quality sub-dimension, so as to facilitate the 
covering of performance pertaining to the objectives category of reliable reporting, as identified by COSO 
(see appendix C). The latter element relates to the management perspective. 
Hence, the mapping of perspectives onto performance dimensions described by Loosschilder is 
transformed into the mapping presented in table 25. 

Performance dimension [ PcrspectiYe(s) 
Time ective and customer ers ective 
Cost ective 
Quah 

Table 25: relation between performance dimensions and perspectives in the contex t of this report 

The decomposition of the aforementioned performance (sub-)dimensions into their constitutive 
performance measures is presented below. 

Time performance dimension: 
The time dimension can be disintegrated into the following performance measures: 

• Lead-time: 

• Throughput time: 

• Service time: 

• Queue time: 

• Wait time: 

• Move time: 

• Set-up time: 

the time it takes to handle an entire case, and which is composed of the 
throughput times of all the tasks that are executed for that particular case. 

the time that expires between the moment a task for a specific case is completed 
and the moment that the subsequent task for that case is completed. Throughput 
time in turn is (potentially) constituted of service time, queue time, wait time, 
move time, and set-up time. 

the time that resources spend on actually handling the case. 

the time that a case spends waiting in queue. 

all other time that a case spends waiting, e.g. the amount of time that a case in 
one out of parallel several branches has to wait for synchronisation with the 
other parallel branches. 

the time required to move a case between tasks. 

the time it takes to set-up tasks for a case, e.g. the time required for the resource 
to get acquainted with the case before the actual processing can start. 

The above measures, as well as the relations between them, are depicted in figure 21 below. 
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Figure 2 1: time performance measures (tvpied from uosschilder, page 2 5) 

Cost p erfonnance dimension: 
Within the cost dimension, a distinction can be made between measures that depend on the operation of 
the system under consideration, and measures that do not. The latter measures are either fixed costs, or 
one-time investments related to the transition from one system design to another. Although these 
investments actually represent spending rather than cost, they are included in this dimension because of 
their financial nature. 
Both the operations-dependent, and operations-independent cost measures are described below. 

Operations-dependent cost measures: 

• Inventory costs: 

• Transport costs: 

• Administrative costs: 

• Resource utilisation: 

the costs of keeping records and products (e.g. file cabinets). 

the costs for moving (intermediate) products and sharing information. 

the costs for keeping the entire workflow intact. 

the proportion between the amount of time that resources spend on 
actually handling cases and the amount of time that they are available for 
processlng. 

Remark that the administrative costs measure appears to be rather general in comparison to the other 
measures. This could either mean that it is ill-deflned in the sense that not all of the concept's specification 
potential is utilised, or that its specification is relatively situation dependent. Assuming the latter, neither 
Loosschilder nor Brand and Van Der Kolk (1995) - from which Loosschilder adopted the measure in 
question - provide much clarity as to the types of cost that can be comprehended by the administrative 
costs measure. Yet, Loosschilder does note that in the context of his review, the measure mainly 
comprises third party costs, i.e. costs for outsourcing a particular task or for obtaining information from a 
third party. 

Operations-independent cost measures: 
• Labour costs: the costs of the workforce that processes the cases in the workflow. 

Note in case part-time operators are employed, labour costs also depend 
on the system's operations to some degree. 

• Machinery investment: an investment in machinery when automating a detective control activity, 
or introducing a new control activity that requires a similar type of 
investment, in the context of a redesign effort. 

• Training investment: investments in the training or instructing of employees that are required 
as a result o f changes to the set of control activities. 

T he above three operations-independent measures - as identified by Loosschilder - are complemented 
with two additional ones, which follow from the considerations presented in section 7 .1. 
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• External audit costs: costs related to the periodic monitoring of the operational effectiveness 
of the control activities that are intended to reduce risks related to work 
performed as part of the process, as far as performed by an external 
auditor. 

• Development investment: investments related to the development of preventive 18 controls that are 
exclusively intended to reduce risk related to the work performed as part 
of the process in question. 

Quality performance dimension: 
As described before, the quality performance dimension can be split into the sub-dimensions of external 
and internal quality, according to whether the concept is considered from the perspective of a party that is 
external, or internal to the process in question. These two sub-dimensions are consecutively discussed 
below. 

External qualiry performance sub-dimension: 
As indicated in table 25, external quality can be considered from both the client's and the regulator's point 
of view. From a client's perspective, external quality refers to his or her satisfaction with either the 
product or the process. From a regulator's viewpoint, the sub-dimension pertains to the degree in which 
the product and the process comply with relevant rules and legislation. 
An overview of quality of output and quality of process performance measures, viewed from both 
perspectives, is provided below. 

Qualiry ef the output: 
• Performance: 

• Output conformance: 

• Serviceability: 

Qualiry ef the process: 

the degree to which a product's primary operating characteristics meet 
customer requirements. 

the extent to which a product's design and operating characteristics meet 
established standards. Aside from its relevance for the client's viewpoint, 
this measure reflects output quality from a regulator's perspective, since 
part of the latter standards could be imposed in the form of rules or 
legislation. 

the speed, courtesy, and competence of correcting mistakes. 

• Information on application status: the degree to which information on the status of a case 
that is being processed by the workflow is provided. 

• Bureaucratic language simplification: 

• Information availability: 

the clearness in the presentation . 

the time required to get updated on the status of a 
particular case. 

The above three process quality performance measures from a customer perspective - as discerned by 
Loosschilder - are complemented with an additional one, so as to incorporate process quality from a 
regulator's perspective: 

• Process conformance: the extent to which rules or legislation that apply to the 
process under consideration are complied with. 

Furthermore, as stated by Reijers, external process quality (from a client's point of view) is commonly 
measured in terms of time. Since time is distinguished as a separate performance dimension in this report, 
none of the external process quality performance measures relates to the latter dimension. 
Finally, note that the classification of the above measures as either operations-dependent or operations
independent is less straightforward than for those belonging to the dimensions discussed before. Yet, all 
are deemed likely to be influenced by the process operation to some degree, which would make them 
operations-dependent 

Internal qualiry performance sub-dimension: 

18 Note that the costs for developing detective control activities, if any, are deemed to be covered by the machinery and 
training cost measures. 
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In accordance with table 25, internal quality is considered from the viewpoint of those concerned with the 
actual execution of the process in question (the operator perspective), and of the party governing the 
particular process (the management perspective). 

Internal quality from an operator perspective relates to the conditions under which the employees 
perform the work in the workflow. In literature, high internal quality from an operator viewpoint is 
associated with high motivation, high external quality (from a client's perspective), high satisfaction with 
the work, and low absenteeism and turnover. 

According to De Koning and De Mast (2006), internal quality from a management perspective concerns 
the process' effectiveness and efficiency and can be decomposed into measures such as error rates, cycle 
time, and costs. Yet, the dimensions described before largely cover these measures. While COSO discerns 
reliable reporting as a distinct objectives category (refer to appendix C), it is therefore decided to instead 
interpret internal quality from a management viewpoint as the quality of information-processing, i.e. the 
degree in which information-processing that is conducted as part of the process meets established 
standards. 
As stated by Reijers, information processing is central to the majority of workflows. Within other types of 
processes, such as those that produce goods to stock, information processing is not part of the primary 
activities. However, some information processing will always be performed. 
It should be remarked that since quality of information processing is part of the internal quality sub
dimension, it is taken to primarily influence the reliability of the organisation's internal data files. In case 
the process in question produces informational products, such as an invoice that is sent to a customer, the 
reliability of information that is part of that product is covered by the output quality's conformance 
measure. 

The relevant performance measures for the internal quality sub-dimension, considered from both an 
operator and a management point of view, are explained below. 

Internal qualiry from an operator perspective: 
• Skill variety: the extent to which a job requires a variety of different actlvltles in 

• Task identity: 

• Task significance: 

• Autonomy: 

• Feedback: 

• Co-worker relations: 

carrying out the work, which involve the use of a number of different 
skills and talents of a person. 

the degree to which the job requires completion of a whole and 
identifiable piece of work, i.e. doing a job from beginning to end with a 
visible outcome. 

the extent to which the job has a substantial impact on the lives or work 
of other people, either in the immediate organisation or in the external 
environment. 

the degree to which the job provides substantial freedom, independence, 
and discretion to the individual in scheduling the work and in 
determining the procedures to be used in carrying it out. 

the extent to which performing the work activities required by the job 
results in the individual obtaining direct and clear information about the 
effectiveness of his or her performance. 

the quality of the relations between an employee and his or her co
workers. 

Arguably, the first five of the above measures predominantly relate to the design of the work to be 
performed by each of the employees. Therefore, they could by typified as operations-independent. 
Conversely, the latter two measures might be influenced by the system's operations. 

Qualiry of information processing: 
• Completeness: the degree to which the following requirement is met: 

all of the individual transactions that need to be processed as part of the 
execution of the process under consideration are recorded and are 
recorded only once. 
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A transaction refers to some change in the physical world that needs to 
be mirrored in a mutation of certain data elements contained by an 
organisation's information system, such as the receipt of an invoice from 
a supplier. 

• Accuracy: the extent to which the key data elements for the transactions that 
processed as part of executing the process in question are recorded 
correctly. 

• Validity: the degree to which the transactions that are processed as part of while 
executing the particular process are non-fictitious and authorised. 

The above three quality of information processing measures - which are all operations-dependent - are 
derived from the so-called information processing objectives that are part of PwC's audit method. These 
objectives can be mapped onto the financial statement assertions that external auditors focus on during a 
financial audit. 
Besides the measures listed above, PwC discerns restricted access as an information processing objective. 
The latter objective refers to the appropriate restriction of both physical access (to assets, facilities, and 
information) and logical access (to systems and data). However, because risks that can be exclusively 
associated with the restricted access objective are not directly related to the work performed as part of a 
specific business process, it is not included as a performance measure. 
Furthermore, PwC associates the accuracy measure with both the correct and timely recording of 
transactions. Yet, the timeliness aspect is considered to be covered by the time performance dimension 
identified before and is therefore not incorporated into the accuracy measure's definition. 
Finally, note that the three quality of information processing measures might overlap with the process 
quality's conformance measure in some cases. For example, organisations to which the United States' 
SOX act of 2002 applies are legally compelled to establish such internal control over financial reporting 
that - among other things - reasonable assurance (as defined in appendix C) of that reporting being 
reliable exists. Ineffectiveness of internal control over (financial) reporting on an individual process level 
manifests itself through under-achievement on the measures identified above. Therefore, processes that 
are part of the SOX audit scope are required to perform well on the latter performance measures from a 
regulator's perspective. 

Flexibility performance dimension: 
According to Loosschilder, flexibility is the least noted performance dimension out of the ones identified, 
and can be defined - in general terms - as "the abili!J to react to changes" (Reijers, page 166). Furthermore, 
the aforementioned author distinguishes five types of flexibility, of which some can additionally be 
considered at different levels. This results in set of performance measures described below, of which only 
labour flexibility on a workflow level and volume flexibility are considered to depend on the operation of 
the system in question. The latter implies that the other measures can be determined directly, based on the 
alternative designs that are compared. 

• Mix flexibility: 
On a resource level: 
On a task level: 
On workflow level: 

• Labour flexibility: 
On a resource level: 
On a workflow level: 

• Routing flexibility: 

• Volume flexibility: 

• Process modification flexibility: 

the ability to process different kinds of cases. 
the resource's ability to handle different types of cases. 
the task's ability to process different kinds of cases. 
the workflow's ability to handle different kinds of cases. 

the ability to perform different tasks. 
the ability of a resource to perform different tasks. 
the ease of resource allocation within the entire workflow. 

the ability to process a case using multiple routes. 

the ability to handle changing volumes of input. 

the ability to modify the structure of the process (build time 
flexibility). 

Remark that each of the above measures refers to a particular ability. Loosschilder notes that this ability 
can be expressed in terms of a range (i.e. the range of variations that can be handled), time (i.e. the time 
required to adapt to change), or cost (i.e. the amount of money that needs to be spent in order to adjust to 
change). 

Performance indicators: 
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This part of the appendix is concerned with translating the performance measures identified above into an 
operational form, meaning that they can be measured directly, or are calculable based on measurable data. 
Yet, for some of these measures, the identification of an accompanying metric is case-specific or can even 
be complex on the level of a particular situation, which prohibits the development of generic performance 
indicators. In some of the latter cases, the non-existence of operationalisations on a general level can be 
partly compensated by so-called proxies. A proxy refers to a certain property of the system's design, which 
is considered to be related with the measure in question. Therefore, if two system designs that are 
compared differ with respect to that particular property, changing from one system design to the other 
will likely impact the associated measure. However, the magnitude of that impact cannot be determined 
on a general level, and - in some cases - not even on the level of a specific situation. 

Below, the aforementioned operationalisations and proxies are provided, categorised according to the 
different (sub-)dimension of performance that they associated measures cover. Again, note that the 
contents of this part of the appendix are largely based on Loosschilder. 

Operationalisation of the time performance measures: 
On the level of an individual case, the different time performance measures are already operational, as 
they can readily be measured or calculated, especially if standard event logs with time information are 
available (as stated by Jansen-Vullers et al. (2007)). According to Reijers, time measures are commonly 
transposed from the case-level to the level of the entire process through calculation of an average value 
across cases. Yet, both Reijers and Loosschilder note that using only an average value (e.g. average 
throughput time of cases) can be misleading, as it does not reflect the variation in the case-level values. 
Therefore, it is advisable to additionally calculate a statistic such as variance. The most detailed expression 
of a measure on the level of a process is as a histogram or probability distribution that is constructed 
based on its case-level values. 

Operationalisation of the cost performance measures: 
Operationalisations of each of the cost performance measures identified before are presented in table 26 
below. 

t L (nr. of cases in the system i x ip) = period of review 
Inventory costs , 

i=1 1p price/ case/ unit of time 

n, = period of review 

Transport costs , L (distancei x tp) n, = number of cases in t 

i=1 rice / case/ meter 
t 

Administrative costs, L (operational costsi ) = period of review 
i=1 

Resource utilisation i,r 
busy timei,t = period of review 

Pi ,r = 
available timei,t = 1 ... number of resources 

= period of review 
n number of full-time employees 

n m s . = salary of employee i over t 

I csi,,) + Ics1xhi,,) 
1,t 

Labour costs , 19 
number of part-time employees m = 

i=l j=l 
salary / hour of employee j s . 

I 

h = 
J,t 

hours worked by employee j during t 

0 erations-inde endent measures: 

19 Labour costs are in this case classified as operations-dependent, since the accompanying formula incorporates costs 
related to part-time employees. 
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n n = number of automated detective 
Machinery investment L (automation investmenti ) controls + number of new controls 

j:;:: l requiring a similar investment 

n m, n - number of employees -

Training investment LL(training investmenti)i m. - number of new control activities -
1 

i=l 1=1 affecting employee i 
t = period of review 

n, = number of external audits during t 

m -- number of control activities to be 
audited 

m - number of external employees that 
External audit costs, n , x L (ei x n c;x hr) 

e 
1 

-

audit control activity i 
i=l 

n = number of hours it takes e i external 
Ci 

employees to audit control activity i 
hr = hourly rate external employee 

n - number of preventive controls 
Development investment L (development investmenti) 

n -

developed 
i=l 

Table 26: operationalisation of the cost performance measures 

Remark that in case the measures of machinery investment, training investment, and development 
investment are expressed as the money spent on hiring an external party (such as PwC) to respectively 
automate, provide training to or instruct employees, or (co-)develop preventive controls, they can be 
calculated through a formula similar to that of the external audit cost measure. 
Furthermore, the operationalisation of the administrative costs measure needs further specification in 
order to actually be calculable, as a result of what is stated in the preceding part of this appendix with 
regard to that measure. 

Operationalisation of the quality performance measures: 
As noted by Jansen-Vullers et al. and Loosschilder, operationalisation of the quality measures is less 
straightforward than of those that are part of the previous two performance dimensions. 
For some of the quality measures, definition of performance indicators on a general level is excluded 
because of their situation-specificity (performance, output and process conformance). In other cases, 
quantification might be difficult if not impossible for even a particular process, due to the very nature of 
the measure (courtesy aspect of serviceability, information on application status, bureaucratic language 
simplification, measures part of the internal quality sub-dimension, viewed from an operator perspective). 
Furthermore, the relation between the individual measures and the overall concept that they together 
represent is in part susceptible to personal influences. For example, individual clients may well attach 
different levels of importance to a particular operating characteristic of the workflow's output, and two 
employees could be equally happy with different levels of autonomy (all other things being equal). 

Because of the above, Loosschilder introduces proxies for the measures belonging to the external quality 
sub-dimension considered from the viewpoint of a client, and for those pertaining to the internal quality 
sub-dimension, viewed from an operator perspective. These proxies are listed in tables 27 and 28 below, 
together with the nature of their relation with the respective dimension of performance. A "+" denotes 
that an increase in, or the introduction of, the particular system design property is expected to result in 
performance improvement. A "-" naturally indicates the opposite. In addition, the proxies that are 
considered to be particularly relevant in the context of the type of ICO project defined before are marked 
grey. Note that since they refer to properties of the system 's design, the proxies' value can be determined 
directly based on the alternatives under consideration. 
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Proxies for external quality from a customer perspective 
Assi ment of a case mana er(+) 

+ 

Table 2 7: proxies for external qualiryfrom a customer perspective (adopted from Loosschi/der) 

Table 2 8: prox ies for internal quali!J f rom an operator perspective (adopted from Loosschi/der) 

A number of additional comments on the operationalisation of the measures that are part of each of the 
sub-dimensions discerned before are provided below. 

Operationalisation of the external quality performance measures: 
In the first place, it should in principle be possible to define performance indicators that reflect the output 
quality measures (from a customer viewpoint) for a specific process. The latter is corroborated by the 
existence and widespread use of so-called statistical quality improvement methods, such as Six-Sigma, 
since employing a suchlike method requires one to translate a certain quality characteristic into an 
operational form. Among the types of quality characteristics mentioned in relation to the aforementioned 
methods are the output quality measures (from a customer perspective) identified before. More 
information on statistical quality improvement methods, and Six-Sigma in particular, can be found in 
appendix Q. 

Secondly, Garvin (1984) states that the competence aspect of serviceability is reflected in the incidence of 
multiple service calls to correct a single problem. Appropriate performance indicators with regard to the 
latter aspect could therefore be the mean and variance of the time between two such incidents. 

Furthermore, the speed aspect of serviceability can be operationally defined as the mean and variance of 
both the amount of time between the moment a mistake is identified and the moment correction is started 
(traditionally termed time to repair), and the amount of time it takes to correct the mistake (commonly 
denoted as repair time). 

Finally, the amount of time it takes to get updated on the status of a case that is being processed can 
readily be measured. Therefore, the information availability measure can be represented by performance 
indicators such as the mean and variance of that time across individual information requests. 

Operationalisation ef the internal qualiry peiformance measures: 
The information processing quality measures could be operationalised as described in table 29. 

Measure I Operationalisation 

Completeness 

Accuracy 

• 

• 

Mean + variance of the amount of time between two subsequent 
unrecorded transactions 
Mean + variance of amount of time between two subsequent 
occurrences of the same transaction being recorded twice 

Mean + variance of the amount of time between two subsequent incorrectly 
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recorded transactions 
Mean + variance of the amount of time between two subsequent invalid 
transactions 

Table 29: operationalisation of the information quali!J measures 

Besides the frequency of different types of errors, which is expressed through the indicators in table 29, 
information processing quality could be reflected in the size of the different sorts of errors, in case that is 
in keeping with the nature of the data element in question. For example, the mistake of associating the 
name of a supplier with the wrong supplier number when processing a paper invoice cannot be 
characterised by a magnitude, because that number is either right or wrong. Yet, the error of inputting the 
wrong amount of money to be paid can. 
Remark that the size of a particular type of error can again be represented by its mean and variance. 

Operationalisation of the Oexibility performance measures: 
Suggestions for translating the flexibility measures into an operational form are presented in table 30. 

Measure I Operationalisation I Conditions 

Mix flexibility resource i Nr. of executable case types; 1 = 1 ... number of resources 

n; J = 1 ... number of tasks 

Mix flexibili ty task j L (Mix flexibility resource i ) n · - number of resources that -
I 

i=l can be allocated to task j 

Mix flexibility workflow MI {Mix flexibility task j } J 
- 1 ... number of tasks -

Labour flexibility resource ; N r. of executable tasks; 1 - 1 ... number of resources -

' m, 

n, 
L (Nr. of available resourcesj,i) t = period of review 

I j=l 
nt = number of cases in t 

Labour flexibility work fl ow, t m · 
i=1 1 - number of tasks executed m . -

1 

for case i 

nt 

Routing flexibility Nr. of possible sequences None 
t - period of review -

Volume flexibility , MIN{ l -P;,t} Pi ,t = resource utilisation i,t 

1 - 1 ... number of resources -

Table 30: operationalisation of the flexibili!J performance measures (adopted from Loosschilder) 

Note that the process modification flexibility measure is not included in the table above, since that 
measure's nature prohibits its operationalisation on both a general, and a case-specific level. Instead, 
Looschilder identified a number of proxies. These proxies are described in table 31, along with the way 
they relate to the measure in question (expressed as either a "+" or a "- ", similar to the proxies described 
before). 

Nr. of tasks integrated with those of external party (- ) Presence of a special workflow for certain case types (- ) 

Presence of an exce tions sub-flow (- ) Nr. of outsourced tasks (- ) 

Table 31: proxies for process modijication flexibili!J (adopted from Loosschilder) 

Although it is not unthinkable that the above proxies are influenced within the context of the type of ICO 
project identified before, they are not expected to commonly be of importance. 

Decision variables: 
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As described at the beginning of this appendix, a redesign issue's decision variables represent the 
attributes of the system that can be altered as part of the redesign, in order to impact the system's 
performance. In case of the kind of ICO projects for which the redesign issue is characterised, the 
performance of the system under consideration is primarily influenced by the manner in which risks 
related to the work performed as part of the particular process are controlled. The way in which risk is 
mitigated is considered to be embodied by the following two aspects, which can therefore be considered 
decision variables for the type of ICO project defined before: 

• The control objectives that are specified for the process in question (control activity existence) 

• The manner in which these control objectives are addressed (control activity design) 

Furthermore, it should be remarked that the kind of ICO project defined before can also include some 
redesign of elements of the process that are not directly related to risk control. However, since these 
elements are not part of the project's primary focus, they are left out of consideration in the decision 
variables definition. 
In addition, note that no decision constraints can be identified on a general level. 
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Appendix N: Further information on the ways to study a system 

Within figure 4 in section 7.2, experimenting with the actual system refers to firstly measuring the 
performance of the system when operating under the current design, and subsequently changing the 
system physically according to the alternative designs that are to be compared, and measuring 
performance for those designs as well. 

Alternatively, the system can be represented by a model, which acts its surrogate in examining the effects 
of the decision variable alterations in question. In that case, each of the system designs under 
consideration is mirrored by a variant of the latter model. Goossenaerts and Pels define a model as "an 
abstract representation ef reality in a'!)' form . .. to present a certain aspect ef that reality for answering the questions studied" 
(page 19). Using a model in the examination of a system's behaviour introduces the issue of model 
validity, which pertains to whether the model accurately reflects the system for the purposes of the 
decisions to be made. 

Furthermore, two different types of models can potentially be used to mirror a particular system: physical 
models, and mathematical models. A physical model embodies a real-world, tangible reflection of the 
system in question, such as a clay car that is used in a wind tunnel to study the aerodynamic aspects of the 
actual car. Mathematical models, on the other hand, represent a system '~n terms ef logical and quantitative 
relationships that are then manipulated and changed to see how the model reacts, and thus how the .rystem would react, if the 
mathematical model is a valid one" (Law and Kelton, page 5). An example of a mathematical model is the 
relation x = v x t, in which "x" refers to the distance travelled, "v" represents travelling speed, and "t" 
denotes the travelling time. 

In addition, performance computation for a particular mathematical model can possibly be performed 
through applying either analytical techniques or simulation 20 . Analytical techniques yield exact solutions. 
Examples of this type of techniques are spreadsheet analysis and linear programming. Conversely, 
simulation refers to "numerical!J exercising the model for the inputs in question to see how thry affect the output measures 
ef performance" (Law and Kelton, page 5) and therefore is an approximation technique. 

20 In this report, the term simulation interpreted as what Goossenaerts and Pels call computer simulation, i. e. simulation 
where the model is a computer program. 
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Appendix 0: Example of the use of Bayes' theorem 

Imagine a junior employee of a particular organisation's administrative department who enters the 
information on paper invoices that are received by mail into the company's information system, in order 
for those invoices to be paid. Every once in a while, the junior employee misreads the amount to be paid 
or makes a typographic error when inputting the amount to the system, which is considered an initiating 
event. 
In accordance with the 'probability of frequency' construct introduced in subsection 7.3.2, it is assumed 
that this initiating event's probability of occurrence (denoted 'p') is constant every time the information on 
a paper invoice is input. Furthermore, p is taken to equal the proportion between the number of times the 
particular initiating event occurs and the number of times the activity performed by the junior employee is 
observed, in case the latter of the two is (hypothetically) approaches infinity. 

In order to be able to appropriately model the initiating event in the simulation model that is developed in 
the context of applying the quantification instrument, we now want to specify a probability distribution 
over p, so as to express parameter uncertainty. 

To that end, the entering of the amount to be paid depicted on a paper invoice into the information 
system by the junior employee is checked on correctness ten times in a row 21 . The result of the i•h check 
is represented by the variable Xi, which equals 0 in case the invoice was input correctly, and 1 if the junior 
employee made a mistake. Therefore, the data collected on the system is captured by the vector~ = [x1 x2 
X3 X4 xs X6 X7 xs X9 x10]. As a result of the initiating event's constant probability of occurrence, which follows 
from the 'probability of frequency' construct, the Xi's represent samples from a so-called Bernoulli 
distribution with parameter p. Suppose the following values were recorded: [O 0 0 0 1 0 0 0 0 O]. 

As described in subsection 7.3.2, the determining of a probability distribution that characterises the 
parameter uncertainty, given the set of system data, is performed through applying Bayes' theorem: 

f(~ I~) = f(~ I ~) frn) 
ff(~ I ~) f(~)d~ 

Remark that the vector of uncertain parameters ft in this case equals [p] and is therefore simply denoted p. 

However, before the posterior distribution f(p I~) can be calculated, a prior distribution f(p) must be 
developed. In the context of this example it is assumed that we are completely ignorant of the possible 
value of p, prior to collecting the system data. As indicated by Bedford and Cooke, total ignorance can be 
represented by a uniform distribution over p. Hence, the prior distribution is defined as follows: 

f(p) = { ~ for 0~p~1 

otherwise 

Note that the above prior distribution is proper (in terms of Bedford and Cooke), since its integral equals 
1, and complies with the requirement for a suchlike non-informative distribution to be used (according to 
Bedford and Cooke), namely that the parameter has a physical interpretation. 
Although Bedford and Cooke advise against using suchlike distibutions, in this case, the non-informative 
prior distribution is used so as to keep the example relatively straightforward. 

Given the above-described prior distribution and vector of system data, the posterior distribution is 
calculated as follows: 

f(p I!) = 1 f(~ I p)f(p) 

ff(~ I p)f(p)dp 

(1 -p/ x p x 1 
1 

f Cl -p) 
9 
x p x 1 dp 

21 N ote that the measurements taken are taken to have no influence on the employee's performance. 
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In order to compute the integral in the denominator, let u = (1-p ), which implies: du = -dp. Consequently, 
the integral evaluates to: 

u=O 0 I [ ] 1 ( ) 9 9 10 9 10 1 10 1 11 1 1 1 fu x (l-u) du=-f(u -u ) du= J(u -u ) du= -u --u = --- - 0= -
10 11 0 10 11 110 

u = l 1 0 

Therefore: f(p I!) = 110 x (1- p)9 x p 

As a conclusion to this appendix, the shift in the expected value of p based on the system data collected is 
computed below. 

The expected value of p according to the prior distribution f(p) can easily be computed as follows: 
1 1 

[ 1 ] 
1 

1 E(p)prior = f p X f(p) dp = f p X 1 dp = 2p2 2 
0 (I 0 

The expected value of p according to the posterior distribution f(p J ~) is calculated as follows: 
1 I I 

E(p)posterior = f P X f(p I!) dp = f p X 110 X (1-p)9X pdp=110 f (l -p)
9 

X p
2
dp 

0 0 l) 

Again, let u = (1-p), implying: du= -dp. As a result, the integral evaluates to: 

u=O 0 1 [ ] 1 

-110 Ju 9x(l-u/ du =-110 Ju 9x(l -2u+u2)du =110J(u9 -2u 10 +u 11 ) du =110 _!._u 10 -~u11 +_!._u12 
10 11 12 0 

u=l I 0 

11 o((_!._ - ~ + __!._) - oJ = _!_ 
10 11 12 6 

2 
Hence, based on the system data collected, the expected value of p changed by 66-%. 

3 
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Appendix P: Illustration of the first version of the quantification instrument 

In accordance with what is stated in subsection 7.3.3, this appendix is concerned with illustrating the use 
of the first outline of the quantification instrument presented in section 7.3 in case simulation according to 
the BMA-simple approach is to be employed. To that end, the first version of the instrument is applied to 
the redesign of a control activity covering a single risk within a fictive process. Note that the parts of the 
process that are not related to the control activity are not considered, in order not to make case study too 
time consuming and to ensure it is relatively straightforward. Consequently, quantifying the effects of 
changes to the set of control activities that ought to mitigate risks related to the work performed as part of 
a real-world process through employing the instrument will be far more complex. 
Prior to the illustration itself, a short description of the case is provided below. This description is largely 
shaped according to the qualitative ICO project method that embodies the instrument's application 
context (refer to subsection 3.0.6 and subsection 7.3.1). 

Suppose PwC conducted a SOX compliance project at a particular customer and identified opportunities 
for improvement in the process that is concerned with the processing and subsequent payment of invoices 
that are received by mail. Furthermore, assume that after a number of meetings, PwC and the client in 
question agree to start an ICO project that aims to improve the efficiency and effectiveness of control 
within the latter process. Subsequently, steps 2 through 5 out of the qualitative ICO project method (refer 
to subsection 3.0.6 and subsection 7.3.1) are performed. The results of completing these steps are briefly 
described below. Remark tlrnt the execution of steps 2 through 4 would draw heavily from the earlier 
conducted SOX compliance project in practice. 

Qualitative ICO project method step 2: Determine controls' current state 
As part of the aforementioned process, a junior employee of the organisation's administrative department 
enters the information on paper invoices that are received by mail into the entity's information sys tem, in 
order for those invoices to be paid. This is a regular process activity. 
Subsequently, the entering of every invoice for which the amount to be paid equals or exceeds 800 euros 
is verified by a senior administrative employee before it is actually saved into the organisation's databases. 
In case the amount to be paid on the paper invoice does not correspond with the amount that is input by 
the junior employee, the paper invoice is marked by the senior employee and sent back to the junior 
employee to be reprocessed. This is a control activity with the following control objective: ensuring the 
accuracy 22 of the entering of information on paper invoices into the organisation's information system. 

Qualitative ICO project method step 3: Conduct risk assessment 
Every once in a while, the junior employee misreads the amount to be paid or makes a typographic error 
when inputting the amount to the system, which is an initiating event. Taking into account the potential 
consequences of a suchlike mistake, PwC assesses the severity of the inherent risk with which the latter 
event is associated as being 'high'. 

Qualitative ICO Pfr!/ett method step 4: Map risks and controls 
Naturally, the control activity identified at step 2 out of the qualitative ICO project method aims to reduce 
the risk described at step 3 out of that same method. Yet, during the previously conducted SOX 
compliance project, PwC determined that the aforementioned control activity does not always function 
properly. Occasionally, errors in the amount to be paid that are made by the junior employee are not 
detected by the senior member of staff, due to the fact that the latter employee is rather busy. This can be 
considered an additional event. Thus, according to the definition of the concept of risk provided in 
subsection 3.0.1, this situation actually exhibits two risks. One's materialisation relates to the sole 
occurrence of the initiating event, the other's to the occurrence of the initiating event and the subsequent 
occurrence of the additional event. 
Considering the above, PwC assesses the severity of the residual risk as being 'moderate'. 

22 Remark that in reality, ensuring the accuracy of the entering of information on paper invoices into an organisation 's 
information system would probably not be limited to the amount to be paid. ln fact, a control activity with a suchlike 
objective might well be additionally focussed on the validity o f the information that is input. Yet, in order to keep the 
case study relatively straightforward, the latter is left out of consideration. 
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Qualitative ICO project method step 5: Provide controls rationalisation recommendations 
Based on the best practices that it developed and on the particular information system that is used by the 
entity, PwC advises the organisation to replace the manual control activity with an automated application 
control activity termed three-way matching. The latter control activity would compare - among other 
things - the amount to be paid that is entered by the junior employee with the purchasing order amount, 
which is naturally input to the system prior to the invoice data 23. In case of a discrepancy that is outside 
some predefined tolerance limits, the system alerts the junior employee and blocks the invoice for 
payment until the difference is resolved. Hence, if a deviation is within these tolerance limits, that 
deviation is not detected by the automated application control. This constitutes the additional event in 
case the system is redesigned. 
It is expected that the above change will improve both the effectiveness and efficiency of control of the 
risk that solely relates to the initiating event. 

Based on the proposed change that follows from the completion of step 5 out of the qualitative ICO 
project method, the quantification instrument is applied in order to quantify the effects of the latter 
alteration. The execution of each of the quantification instrument steps and sub-steps presented in section 
7.3 is concisely described below. 

Step 1: Define the project 
As indicated in section 7.3, this first step is itself composed of three sub-steps, each of which is succinctly 
considered below. 

Sub-step 1.1: List system designs to be considered 
In this case, two system designs are to be considered: 

• The current system design, which includes the manual control activity 

• The proposed alternative system design, in which the manual control activity 1s replaced by the 
automated application control activity. 

Sub-step 1.2: Develop decision frame 
The following performance measures out of the generalised decision frame presented in appendix M are 
expected to be affected in the ways described below as a result of changing from the current to the 
alternative system design: 

Operations-dependent measures: 
• The throughput time of the activity performed by the junior employee might increase due to the fact 

that more cases will be reprocessed, which results in a higher waiting time at that activity. 

• The lead-time of cases through the system will decrease because of the deletion of the manual control 
activity, which is associated with a relatively high waiting time. 

• Inventory costs could decrease because of the fact that the lead-time of cases through the system is 
reduced. 

• 

• 

• 

• 

23 

The resource utilisation of the junior employee might slightly increase due to the increase in 
throughput time of the activity performed by that employee. 

The resource utilisation of the senior employee will decrease because of the fact that the activity that 
is executed by that employee is deleted. 

The conformance of the process to the requirements imposed by SOX might increase, because of the 
expected rise in control effectiveness. 

The accuracy of information processing will increase, because of the expected rise in control 
effectiveness. 

Note that three-way matching also covers other risks to a certain degree, such as that related to a supplier sending 
an invoice that is incorrect in some way. In order for the analysis to be sound, the effect of implementing three-way 
matching on these other risks should also be taken into account. However, for the sake of lucidity, they are not 
considered in the case study. 
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• The volume flexibility of the process might slightly increase as a result of the increase in the junior 
employee's utilisation rate. 

Operations-independent measures: 

• A machinery investment will be required because of the introduction of the automated application 
control activity. 

• A training investment will be required because of the introduction of the automated application 
control activity. 

• The yearly external audit costs will decrease as a result of the fact that a manual control activity is 
replaced by an automated one. 

Because of time constraints and in order to keep the case study relatively simple, only the lead-time of 
cases through the system, the resource utilisation of the junior employee, the accuracy of information 
processing, and all of the operations-independent performance measures are considered. These measures 
are operationalised as described below. Remark that only averages are used for tl1e first and last of the 
operations-dependent performance measures, and that ilie magnitude of errors is not taken into account 
for ilie last measure, again because of time constraints. 

Operations-dependent performance indicators: 
• Lead-time: average lead-time of cases through the system. 

• Resource utilisation junior employee: expected proportion between the amount of time that ilie junior 
employee actually spends on processing invoices (i.e. busy time), and the amount of time ilie 
employee is available for processing (i.e. available time). 

• Accuracy o f information processing: average time between two invoices iliat are incorrectly recorded 
in the organisation's databases. 

Operations-independent performance indicators: 
• Machinery investment: money spent on hiring PwC to develop the automated application control 

activity, calculated based on a formula similar to that of the external audit cost measure described in 
appendi.x M. Thus, it is assumed iliat the organisation's information system merely needs to be 
reconfigured, i.e. that no new software and accompanying licenses need to be acquired. 

• Training investment: money spent on hiring PwC to instruct the junior employee, calculated based on 
a formula similar to that of ilie external audit cost measure described in appendix M. 

• External audit cost: iliis measure is operationalised for both designs according to the formula 
described in appendix M. 

Finally, the decision variable for the redesign issue under consideration relates to the way in which the 
previously identified control objective of 'ensuring the accuracy of the entering of information on paper 
invoices into the organisation's information system' is addressed. 

Sub-step 1.3: Explicate study objectives 
The research question that is to be answered through conducting the simulation study reads as follows: 

IVhat are the effects ef changing from the current rystem design to the proposed alternative one on the operations-dependent 
performance indicators identified at sub-step 1.2? 

Step 2: Design the study 
As indicated in section 7.3, the above step ts constituted by two sub-steps, which are consecutively 
described below. 

Sub-step 2.1: Develop black-box representation 
The black-box representation for the redesign issue under consideration is depicted below. 
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The activities of the senior employee other than performing the correctness check are not taken to be part 
of the system's scope. As a result, only the total throughput time of checking an invoice is measured and 
modelled, rather than just the service time of the senior employee (refer to the environmental variables 
out of the black box representation depicted at the previous sub-step). 
In addition, the following assumptions are made: 

• Invoices that need to be reprocessed by the junior employee are not given priority over invoices that 
are to be processed for the first time. 

• The probability distribution over the service time of the junior employee with respect to the entering 
of invoice data is not affected by whether the invoice is new or needs to be reprocessed. 

• The probability of occurrence of both the initiating event and the additional event is, in accordance 
with the 'probability of frequency' construct, constant through time. Furthermore, that probability of 
occurrence is not influenced by whether the invoice is new or needs to be reprocessed. 

• The occurrence of the initiating event does not affect the probability of occurrence of the additional 
event and vice versa (both event's aleatory occurrence-related uncertainties are independent). 

• The fact that the initiating event's probability of occurrence equals a particular value does not affect 
our degree of belief in the different possible values of the additional event's probability of occurrence 
and vice versa (both event's epistemic occurrence-related uncertainties are independent). 

• Invoices with an amount to be paid that equals or is higher than 800 euros are always sent to the 
senior member of staff. 

• The probability distribution over the inter-arrival time of invoices at the system is not affected by the 
change from the current system design to the proposed alternative one. 

• The probability distribution over invoice amount to be paid is not influenced by the change from the 
current system design to the proposed alternative one. 

• The probability distribution over the service time of the junior employee with respect to the entering 
of invoice data is not affected by the change from the current system design to the proposed 
alternative one. 

• The initiating event's probability of occurrence is not influenced by the change from the current 
system design to the proposed alternative one. 

• Our degree of belief in the different possible values of the initiating event's probability of occurrence 
is not affected by the change from the current system design to the proposed alternative one. 
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• The execution of the automated application control activity under the alternative system design takes 
no time. 

• In case the junior employee makes a mistake and that mistake is detected by the automated 
application control activity under the new system design, the error is always successfully corrected 
immediately thereafter, because detection takes place directly after the mistake was made. 

Step 3: Construct conceptual models 
Because of the fact that the case-study is relatively straightforward, and considering the extensive 
experience of the m odeller with the simulation software that will be used, the conceptual models that are 
constructed for the sys tem designs in question are informal in nature, i.e. are not expressed in a formal 
conceptual m odelling language. It should be noted that especially for complex systems, the construction 
of formal conceptual m odels is highly recommendable (confer Goossenaerts and Pels). 
The informal conceptual models representing the system according to its current and proposed alternative 
designs are depicted in figures 22 and 23 below. 

~-----------Incorrect-----------~ 

Input data 
Qunior employee) 

Invoice amount > = 800 euro 
Verify 

(Senior employee) 
Correct 

~----------Invoice amount < 800 euro-------~ 

Figure 22: conceptual model ef the .system according to its current design 

Verify 
(Automated) 

Incorrect 
Correct mistake 

Qunior employee) 

~--------Correct-----~ 

Figure 23: conceptual model ef the .system according to its proposed alternative design 

Step 4: Collect and analyse relevant data 
Suppose that data are collected - as far as possible - on the environmental variables described at sub-step 
2.1 , and that their analysis results in the following: 

Page L\ I of I(>~ 
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• The inter-arrival time of invoices at the system follows an exponential distribution with a mean of 7 
minutes. 

• The invoice amount to be paid follows a continuous uniform distribution with a minimum of 5 euros, 
and a maximum of 10.000 euros 

• The service time of the junior employee with respect to the entering of invoice data follows an 
exponential distribution with a mean of 6 minutes. 

• The total throughput time of invoices at the senior employee follows an exponential distribution with 
a mean of 4 hours, i.e. half a working day. This relatively high expected value results from the fact that 
the senior employee resides in a higher rank of the organisational hierarchy than does the junior 
employee, and is therefore occupied with a lot of other activities besides checking invoices on 
correctness. 

Furthermore, data can naturally not be collected on the service time of the junior employee with respect to 
the correcting of mistakes under the proposed alternative system design. It is assumed however, that prior 
experience shows that this service time can be appropriately characterised by an exponential distribution 
with a mean of 2 minutes. 

In addition, since the 'probability of frequency' construct is adopted to capture the event's occurrence
related uncertainty, the occurrence (or not) of the initiating event and of the additional events (under both 
system designs) when the respective activities are performed is modelled by a Bernoulli distribution. The 
parameter of the latter distribution represents the probability of occurrence of the event in question. With 
respect to that parameter, epistemic uncertainty exists. 
Because the simulation study is conducted according to the BMA-simple approach, the epistemic 
uncertainties regarding the event's probabilities of occurrence ought to be captured by a probability 
distribution through Bayesian inference. 
The latter firstly requires the specification of prior probability distribution functions over the parameters 
in question. Suppose the following prior distribution functions are specified: 

• For the epistemic uncertainty with respect to the probability of occurrence of the initiating event: a 
continuous uniform distribution with a minimum of 1/ 40, and a maximum of 3/ 40. 

• For the epistemic uncertainty with respect to the probability of occurrence of the additional event 
under the current system design (i.e. in case the senior employee does not detect incorrectly input 
invoice data): a continuous uniform distribution with a minimum of 1/ 20 and a maximum of 3/20. 

• For the epistemic uncertainty with respect to the probability of occurrence of the additional event 
under the proposed alternative system design (i.e. in case the magnitude of a mistake falls within the 
predefined tolerance limits): a continuous uniform distribution with a minimum of 1/20 and a 
maximum of 1/ 10. 

In practice, suchlike prior distribution functions would need to be updated based on data that is collected 
on the associated environmental variables through Bayes' theorem. Yet, this is not done for this case 
study, because the simulation software that will be used does not allow for sampling from the resulting 
posterior distribution function. Therefore, the above-described prior distribution functions are used 
instead. For an illustration of the aforementioned updating of prior distribution functions, refer to 
appendix 0. 

Step 5: Construct and verify executable models 
The executable models representing the system according to its current and proposed alternative designs 
were created using simulation software called CPN Tools (version 2.2.0), which is based on Coloured Petri 
Net notation. The graphical parts of both models are depicted in figures 24 and 25 on page 134 The 
specification of the accompanying colour sets, constants, variables, and functions is not described in this 
report. A brief explanation of both executable models is provided below. 

Executable mode/ ef the .rystem according to its current design: 
In the first place, invoices are represented in the model by tokens having three attributes: an identification 
number, the time of arrival at the system, and the invoice amount to be paid, which is sampled from the 
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appropriate distribution. Furthermore, an additional attribute is specified once the data on the invoice 
have been entered into the organisation's information system. This attribute relates to the fact of whether 
or not the data on the invoice has been input correctly. 
Secondly, before being processed, invoices are generated by the transition 'G enerate' and put into the 
queue for the activity performed by the junior employee. The latter activity is modelled by transitions 
'S tart_enter' and 'E nd_enter'. T he possible occurrence of the initiating event associated with the entering 
of invoice data is modelled by the token produced for place 'Eventl_data', which is of the integer type. 
T he value of that integer follows a Bernoulli distribution, which' parameter is sampled through the 
execution of transition 'Sample_epistemicl ' at the beginning of each replication. Remark however, that 
CPN tools does not allow for sampling from a continuous distribution prior to every simulation 
replication. Therefore, a discrete approximation of the continuous uniform distribution capturing the 
epistemic uncertainty with respect to the parameter in ques tion is modelled. 
In the third place, after the invoice data has been entered, the processing of the invoice is directly ended 
by the transition 'End_case' if the invoice's amount to be paid is smaller than 800 euros. In case that 
amount equals or exceeds 800 euros, the invoice is placed in the queue for the activity performed by the 
senior employee. T he latter activity is modelled by the 'S tart_check' and 'End_check' transitions. In 
between these transitions, a new token type is created, which consists o f a fusion of the set o f invoice 
attributes and an integer. T he value of this integer again follows a Bernoulli distribution, and thus 
represents the possible occurrence of the additional event. O nce more, the parameter of that Bernoulli 
distribution is sampled from a discrete approximation of the continuous prior distribution function at the 
start o f every replication, in this case through the execution of the transition 'Sample_epistemic2'. If the 
invoice was entered incorrectly, and the additional event does not occur, it is put back into the queue for 
entering of invoice data. In all o ther cases, the processing of the invoice is ended through execution of the 
transition 'End_case'. 
Finally, note that the place 'WIP' is incorporated in order to enable monitoring of tl1e work in progress, 
i. e. the number of invoices in the system at a particular point in time. T his will be used to calculate the 
warm-up period later on. 

Executable model ef the !}Stem according to its proposed alternative design: 
T he executable model representing ilie sys tem according to its proposed alternative design is sinlliar to the 
other executable model for a large part. 
N ote however, that the two Bernoulli integers representing the occurrence (or not) o f the initiating event 
and of the additional event are bo th generated in between the 'Start_enter' and 'End_enter' transitions in 
this case. T he latter results from the fact that the execution of the automated application control activity 
takes no time, which is therefore not represented explicitly in the executable model. 
Furthermore, if the initiating event related to the entering of invoice data occurs, and the additional event 
associated with the magnitude of the error falling wiiliin the application control's predefined tolerance 
limits does not, the mistake is corrected by ilie junior employee. T he latter activity is modelled by the 
transitions 'End_enter'and 'End_correcting'. 
Finally, remark that the place 'Dummy_UR' is incorporated to enable the collection of data on the 
utilisation rate of the junior employee. 

T he above executable models were verified by running them at various settings of input parameters and 
subsequently checking the output for reasonableness. Furthermore, they were built taking small steps at a 
time, which decreases the probability of making mistakes. Finally, note that CPN tools performs 
automatic syntax checking, which is useful the latter respect as well. 
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Step 6: Validate executable models 
Considering the fact that we are studying a fictive case, the only potential way to determine whether the 
simulation model is an accurate representation of the sys tem under consideration for the purposes o f the 
simulation study, is through use of analytical techniques. Yet, the properties o f the sys tem (according to 
both designs) are such, that those analytical-techniques are not available, or could at leas t not be found. 
Note however, that the simulation output results that follow from a pilot experiment performed for both 
executable m odels do not seem unreasonable. 

Step 7: Design experiments 
As follows from section 7.3, this step is itself comprised of three sub-steps, which are considered 
consecutively below. 

Sub-step 7.1: Determine length of the warm-up period 
In order to determine the length of the warm-up period, a pilot simulation experiment consisting of 20 
simulation replications (1000 invoices each) is conducted for both of the executable models. For each 
replication, the number of invoices in the sys tem is plotted against the m odel time, as suggested by Mehta. 
Subsequently, the am ount of time it takes the number o f invoices in the sys tem to reach a steady state is 
established. The m aximum of the latter amount of time across all replications is then chosen as the warm
up period for the executable m odel in ques tion. 
Ao example graph depicting the number o f invoices as a function of m odel time within a single replication 
is presented below - in figures 26 and 27 - for both executable m odels. Remark that although model time 
is expressed in minutes (rounded to zero decimals), hundredths of seconds are employed as the unit of 
time in the executable m odels. 
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Figure 27: number ef invoices in the !)!Stem as a function ef time (in minutes) far the !)!Stem under the alternative design 

Based on the above procedure, a warm-up period of 400 minutes is chosen for the executable model 
representing the system according to its current design. T he executable model that captures the system 
according to the proposed alternative design does not seem to exhibit a transient state. Yet, a warm-up 
period of 50 minutes is established just to be sure. 

Sub-step 7.2: Establish run length 
Mehta suggests that the length of each replication should be large enough for the least frequent event to 
occur 15 to 20 times. In the case study, the least frequent event in fact refers to the subsequent occurrence 
of the initiating and additional events. Based on rough estimations and experimentations, the following 
run lengths are established: 

• Executable model representing the system according to its current design: 1,5xl08 hundredths of 
seconds. 

• Executable m odel representing the system according to the proposed alternative design: 2x108 

hundredths of seconds. 

Sub-step 7.3: Calculate number of replicadons 
As described in subsection 7.3.3, Law and Kelton introduce a method to approximately calculate the 
number of replications needed to obtain a pre-specified confidence interval half-length for a particular 
performance indicator of interest (see Law and Kelton, page 512 and 513). In the case study, the 
performance indicator that is affected most by the additional variability introduced as a result of the 
probability distributions that capture epistemic uncertainties, is that of the average inter-arrival time of 
incorrectly recorded invoices. Hence, for a given number of replications, the confidence interval for the 
latter performance indicator is expected to be widest in relative terms. Therefore, a predefined confidence 
interval half-length for that parameter can probably best be used to compute the number of replications, 
assuming that we are equally interested in the true value of all performance indicators. 
However, the above method supposes that the estimate of the population variance that follows from the 
pilot experiment performed will not change appreciably as the number of replications increases. Because 
of the additional variability resulting from the probability distributions that capture epistemic uncertainty, 
the number of replications in the pilot experiment has to be relatively high for the case under 
consideration. 
In fact, that number of replications proved to be so high, that using the aforementioned method was 
prohibitively time-consuming. The latter was also caused by the relatively high run lengths established at 
the previous sub-step. 
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Therefore, it is decided to let the simulation experiments for both executable models consist of the 
number of replications at which the estimates of the population variances seem to be approximately 
independent of that number of replications. That number is estimated to be 50, and required considerable 
amounts of computation time to be established. 

Step 8: Perform the actual production runs 
This step refers to performing the actual simulation experiments for each simulation model. As described 
before, these experiments are conducted according to the BMA-simple approach (refer to the 
accompanying simulation algorithm presented in subsection 7.3.2), which implies that the probability 
distributions representing epistemic uncertainty are sampled once at the start of every replication. 

Step 9: Compare alternative system designs 
As follows from section 7.3, this step is composed of three sub-s teps, each of which is described below. 

Sub-step 9.1: Conduct simulation output analysis 
Because of time constraints, confidence intervals will only be computed for the separate values of the 
performance indicators for each of the system designs under consideration, rather than for the difference 
between those values. This implies that six interval statements are to be made. Assume we want to obtain 
an overall confidence level of 95%. The confidence level for each of the individual intervals can then be 
calculated according to the Bonferroni inequality (confer Law and Kelton, page 542) as follows: 100 x (1 -
(1-0,95)/6) ;::; 99%. 
The 99% confidence intervals for the values of the three performance indicators under both system 
designs are included in table 32 below. Remark that average lead-time and average inter-arrival time of 
incorrectly recorded invoices are expressed in hours, and all values are rounded to four decimals. 

Performance indicator I Model variant I lJ pper 99'Y., I Lower 99% I Average 

Lead-time 
Current 311 ,1250 283,5439 297,3344 

Redesien 52,2873 43,8969 48,0921 

Utilisation rate 
Current 0,9075 0,8880 0,8977 

Redesien 0,8807 0,8672 0,8739 

Inter-arrival time errors 
Current 1054,9663 749,6699 902,3181 

Redesien 3068,3720 1732,4676 2400,4198 

Table 32: simulation output results 

Sub-step 9.2: Calculate operations-independent output indicators 
Recall that the following operations-independent indicators are to be taken into account: machinery 
inves tment, training investment, and external audit cos t. T heir calculation is performed below. Note that 
since machinery investment and training inves tment result from the change from the current to the 
proposed alternative design, they can naturally not be calculated for both designs. 

• Machinery investment: 
The machinery investment is calculated according to the following formula (see appendix M): 
e x Ile x hr, in which: 
e number of PwC employees that will reconfigure the system 
ne = number of hours it takes e employees to reconfigure the sys tem 
hr = hourly rate of one PwC employee 
Assume that e = 1, ne is es timated to be 8 hours, and hr= 150 euros per hour. T hen the machinery 
investment equals: 1 x 8 x 150 = 1200 euros. 

• Training inves tment: 
The training investment is computed according formula introduced above. In this case: 
e number of PwC employees that will instruct the junior employee 
ne number of hours it takes e employees to instruct the junior employee 
hr hourly rate of one PwC employee 
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Assume that e = 1, ne is estimated to be 4 hours, and hr = 150 euros per hour. Then the training 
investment equals: 1 x 4 x 150 = 600 euros. 

• External audit costs for the system under consideration according to its current design: 
External audit costs are calculated according the following formula (confer appendix M): 

m 

n , x I ce; x ne, x hr) , in which: 
i=l 

period of review 
n 

1 
number of external audits during t 

m number of control activities to be audited 

e; number of PwC employees that audit control activity i 

n e, number of hours it takes e; PwC employees to audit control activity i 

hr hourly rate of one PwC employee 

In this case: m = 1. Furthermore, assume that t = 1 year, n, = 1, e 1 = 1, n c, is estimated to be 3 hours, 

and hr = 150 euros per hour. Then the yearly external audit cost for the system under consideration 
according to its current design equal: 1 x (1 x 3 x 150) = 450 euros per year. 

• External audit costs for the system under consideration according to its proposed alternative design: 
External audit costs are computed according to the formula introduced above. 

In this case: m = 1. Furthermore, assume that t = 1 year, n 
1 
= 1, e 1 = 1, n e, is estimated to be 1/2 hour, 

and hr = 150 euros per hour. Then the yearly external audit cost for the system under consideration 
according to its proposed alternative design equal: 1 x (1x 1/2 x 150) = 75 euros per year. 

Sub-step 9.3: Compare design variants 
When comparing the two system designs under consideration based on the information gathered as part 
of the preceding two sub-steps, the following can be said: 

• We are approximately 95% confident that: 
Changing from the current to the proposed alternative system design will reduce the average lead
time of invoices through the system 
Changing from the current to the proposed alternative system design will reduce the junior 
employee's utilisation rate. Remark that this contrasts with the initial hypothesis. 
Changing from the current to the proposed alternative system design will increase the average 
inter-arrival time (and thus decrease the frequency) of invoices that are incorrectly saved in the 
organisation's databases. 

• Changing from the current to the proposed alternative system design will cost 1200 + 600 = 1800 
euros. 

• Changing from the current to the proposed alternative system design will decrease the annual external 
auditing cost associated with the system under consideration with 450 - 75 = 375 euros. 
Hence, the required investment is - potential additional costs and cost savings resulting from the 
operations-dependent measures left aside - approximately compensated after 1800 / 375 = 4,8 years. 

Step 10: Draw conclusions and report results 
The comparisons made as part of sub-step 9.3 obviously lead to the conclusion that the proposed change 
should be implemented. 
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Appendix Q: Literature review of the Six-Sigma concept 

As described in section 7.4, this appendix contains a literature review of the Six-Sigma concept, which was 
conducted at the early stages of the graduation proj ect that is described in this report. 

Section Q.1: Introduction 
The objective o f this literature study can be considered twofold: 

• In the first place, it should eliminate - to as large an extent as possible (considering available time and 
resources) - hiatuses in my knowledge o f the research fields that are relevant within the context of my 
graduation assignment. 

• Secondly, it is intended as an exercise in independent, science-oriented research (as described in the 
handout "Guidelines for the Literature Review (B jjzondere Opdracht) '). 

Furthermore, the review could aid the further delineation of the graduation project through its resulting 
research opportunities and serve as a basis for the theoretical underpinning of the main conclusions 
following from the accompanying in-depth examination. H owever, these goals are of a relatively indirect 
nature due to the fact that the project currently resides in a phase in which results are primarily attained 
through use of organisation-specific information, which in turn partly results from the nature o f the 
problem that underlies the graduation project as a whole. 
T herefore, the literature study is predominantly focused on achieving the two aforementioned sub
objectives. 

T he sub-obj ective mentioned first logically requires a description of the research fields on which the m ost 
important lacunae exist, to act as a starting point for its realisation. Therefore, section 1.1 (Research areas, 
research questions, and deliverables) contains an exposition o f those m os t relevant research fields (and thereby 
hiatuses), the resulting research ques tions that underlie the literature study, and the review's desired 
outcome, which follows from the latter research ques tions. 

Furthermore, realisation of the second sub-objective is more or less inherent to carrying out the research. 
On the other hand, the degree to which the study can be considered independent and science-oriented is 
not fixed a priori and mainly depends on the method used to generate and report results. An explication 
o f the approach to finding relevant literature is provided in section 1.2 (Search method) . 

Finally, remark that the report's structure is not yet presented in this introductory chapter, because this 
structure relates to a basis o f comparison which' development should be considered part of the 
examination. H ence, both the basis of comparison and the report's structure (on a general level) are 
covered in a separate chapter (refer to chapter 2 (Establishing a basis of comparison)) . 

Subsection Ql.1: Research areas, research questions, and deliverables 
Two core theoretical concepts can be distilled from my graduation project at PricewaterhouseCoopers, 
namely Six-Sigma and process simulation. In order to facilitate the reading o f the remainder of this report, 
each of them is briefly expounded below. 

According to De Koning and D e Mast (2006), Six-Sigma is "a now wide!J applied programme for compmrywide 
quality improvement" (page 766). It originated in industry more than twenty years ago and was popularised 
through its adoption by several large companies during the last decade of the twentieth century. Among its 
most salient properties are a focus on the customer, centrality of processes, an emphasis on data driven 
decision making and a resulting reliance on statistical techniques, and priority on bottom-line results. 

Kettinger, T eng, and G uba (1997) identify process simulation as a technique that is commonly used in the 
context of business process reengineering (abbreviated BPR in the remainder of this report). Vullers
Jansen and Netjes (2006) adop t the latter principle and note that process simulation "provides quantitative 
estimates of the impact that a process design is like!J to have on process performance" (page 77), on the basis of which 
''a quantitative!J supported thoice for the best design can be made" (page 77). 

Page 139 of I (1..., 
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Since it is highly probable that the graduation project will require these constructs to be related (to some 
degree), understanding each of them as well as being able to place the concepts with regard to one another 
are crucial elements of the knowledgebase that should underpin the project. 

T he most relevant hiatus in my knowledge with respect the above concerns the concept o f Six-Sigma, 
which also implies that it is impossible for me to grasp the two constructs' relative meaning. In addition, 
the existent literature does not seem to directly provide clarity in the latter matter. Therefore, the 
following two research questions are chosen to act as basis for the literature review, thereby providing a 
foundation for the achievement of the former of the two direct sub-objectives mentioned in the 
introduction to this chapter: 

1. In what wqy could the constructs of Six-Sigma and process simulation be adequate!J compared? 
2. What is Six -Sigma? 

Note that the es tablishing of the concepts' relative meaning itself is not defined as a being part of the 
research, because an examination of a suchlike nature would - and has proven to - require an amount of 
time that largely exceeds the normative amount that is associated with a literature review of a nature as 
described in the introduction to this chapter. However, answering the aforementioned research questions 
should provide a solid basis for doing so in the future. 

Considering the above, the literature review's desired result is naturally comprised of the following two 
deliverables: 

• A basis for the future comparison of the constructs of Six-Sigma and process simulation 

• A description of the concept of Six-Sigma according to the latter basis 

Subsection Ql.2: Search method 
As stated in the introduction to this chapter, this section covers the method that was employed in order to 
find relevant literature. A concise explanation of the latter method is provided below. 

In the first place, a selection of the most relevant search databases (out of the ones that can be accessed 
through the university's library) was made on the basis o f two things. O n the one hand, an initial subject 
classification similar, but not entirely equal, to the one expounded in chapter 2 (Establishing a basis of 
comparison). On the other hand, information on the specific research areas covered by the different 
databases. Naturally, in the process of the structure - according to which the different concepts were to 
be described and compared (confer chapter 2 (Establishing a basis of comparison)) - taking a more definitive 
shape, the initial database selection was reconsidered multiple times. Eventually, the following databases 
were consulted most: ABI/Inform, Inspec, MCB Emerald, Google Scholar, and the library's digital 
catalogue Vubis (although the latter two do not incorporate the m ore sophisticated search m echanisms). 

Secondly, each individual element being part of the initial subject classification was dissected into a small 
number of keywords, for which as many synonyms as possible were identified subsequently. Again, this 
part of the method was of an iterative nature due to the shaping of the report's structure in the course of 
time. The same basically applies to the other stages of the search process as well, so further remarks in this 
regard are not made in the remainder of this section. 

In the third place, the latter keywords and synonyms were translated into so-called controlled or thesaurus 
terms per database - wherever possible - so as to increase chances of the search results aligning closely 
with what was searched for. 

Furthermore, the different databases were searched based on combinations of the aforementioned 
controlled terms and - if necessary - uncontrolled terms through use of so-called Boolean operators. 
Every single attempt at searching started with just one term and was subsequently particularised to an 
increasing degree by means o f adding other terms or specifying aspects such as document type (e.g. 
literature reviews or case studies) or date of publication, to the point were around 50 to 100 search results 
remained. Possible synonyms were combined by applying the Boolean operator OR (if available). 
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Finally, the resulting 50 to 100 articles were screened on their relevance with respect to the literature 
review's principal research question on the basis of their abstract and - in some cases - skimming through 
the document's entire content. Moreover, specific and recurring notions as well as certain seemingly 
important authors - with respect to the research topic in question - that were identified while skipping 
through or reading papers were naturally used from the second step onwards, emphasising the iterative 
character of the search process once more. Besides, the Science Citation Index was employed to search 
for articles which cited papers that seemed important in light of the basic research question, and 
potentially relevant references were retrieved and subsequently screened as in the search method's final 
step. 

Section Q.2: Establishing a basis of comparison 
As described in subsection Ql.1, the definitions of both Six-Sigma and the concept o f process simulation, 
as well as a comparison of those definitions so as to establish the constructs' relative meaning together 
constitute an important part of the knowledgebase that should underpin the graduation project. In order 
for the definitions to be well-organised and therefore relatively clear and comparable, a structure by which 
to describe and - as a result - compare the theoretical constructs needs to be developed. The latter is 
performed below. The contents of this chapter therefore pertain to the answering of the former of the 
two research questions that are defined in section 1.1 (Research areas, research questions, and deliverables), and 
thus logically embody the former of the two deliverables that are listed in that same section. 

An interesting observation in light of the need for a basis of comparison is the fact that in literature, Six
Sigma is often typified as a method or a methodology, while the construct of process simulation if 
commonly characterised as a technique or a tool (refer to the definition that is provided in section 1.1 
(Research areas, research questions, and deliverables)). An example of an article that relates these notions is that o f 
Hackathorn and Karimi (1988). 
The latter authors developed a framework for comparing information engineering methods, which 
consists of two dimensions: breadth and depth. The breadth dimension concerns the degree to which the 
different phases from an extended version of the traditional information systems life cycle model are 
supported by the method, and hence is subject-specific. The depth dimension, however, deals with the 
nature of the support, ranging from conceptual to practical and therefore pertains to all methods in 
principle. A m ethod's conceptual depth can - according to Hackathorn and Karimi - be expressed in 
terms of three distinct levels, namely methodology, technique and tool. The notion of a method is 
considered to refer to any combination of these levels. Furthermore, the authors adopt (one of) the 
Webster New World Dictionary's 1981 (and 2007) definition(s) of a methodology, namely "the anafysis ef 
the principles .. . ef inquiry in a particular field" (page 207). The terms technique and tool are in turn defined as 
respectively '~ procedure for accomplishing a desired outcome " (page 208) and '~n instrument for peiforming a 
procedure" (page 208). In order to illustrate the aforementioned classification, the paper provides the 
following example that relates to the so-called structured design method: 

'The principles ef structured design are devoted to attaining modules that have three important properties: (a) modules are 
relativefy independent; (b) existing dependemies can be easify understood; (c) there are no hidden or ueforeseen intermtions 
between modules. Structured design also provides a set ef techniques for attaining modules with the above properties. A set ef 
guidelines is also provided for distinguishing a ''poor" and a ''good" design. However, the structured design does not provide 
automated tools for creating a rystem ef modules with the specified properties f rom the rystem requirement specification. 
Therefore, the structured design covers an area within the methodology and technique range ... " 

The appropriateness of both the dimension and the accompanying scale (as described above) for 
conceptualising a method (as defined by Hackathorn and Karimi) is - to a certain extent - corroborated 
by their seemingly extensive use to the latter end in academic literature. However, the question is whether 
consistency exists within the no tions of the different extents of abstraction across different articles and 
authors. Therefore, a number of similar conceptualisations is considered below and are mapped to one 
another (including Hackathorn and Karimi's) in order to find communalities and thereby es tablish a 
theoretically grounded foundation for the structure of this report. 
Note however, that the papers which are discussed in this paragraph do not necessarily constitute a 
representative sample of literature that deals with the conceptualisation of methods (as defined by 
Hackathorn and Karimi), due to the limited amount of time available for carrying out the literature study, 
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and the fact that developing a sound basis o f definition and comparison is m erely a part of the review. In 
addition, the number o f publications that specifically address the latter topic seems to be rather small. 
Therefore, the development of the framework that serves as the structure of the repor t is not completely 
optimal from a scientific-m ethodological perspective. 

In the first place, Kettinger, Teng, and G uha utilise the dimension and scale to describe the concept of 
BPR. D efinitions o f the notions involved differ slightly from those employed by H ackathorn and Karimi. 
Kettinger, T eng, and G uha define a m ethodology as 'a collection ef problem-solving methods governed ry a set ef 
principles and a common philosopf!J for solving targeted problems" (page 58), while technique and tool are 
considered as, respectively, 'a set ef predse/y described procedures for achieving a standard task" (page 58) and 'a 
computer seftware package to support one or more techniques" (page 58). 
Although the m ethodology definition overlaps with the one provided by Hackathorn and Karimi 
regarding the principles, it does not meet the scientific standard o f exactness (as defined by D e K oning 
and D e Mast (2005), page 267), since the term m ethod is no t defined and the concepts o f methodology 
and method seem to be used interchangeably throughout the paper. Furthermore, Kettinger, Teng and 
G uha acknowledge Hackathorn and Karimi's definitions o f a technique and a tool as being commonly 
understood and typical. T herefore, differences on these two levels are rather small. 
In addition, the paper contains an example, purported to demonstrate the three levels of abstraction, albeit 
that they are not defined completely unambiguously. This example is formulated as follows: 

'The Gatewqy methodology consists ef six stages: Preparation, Identification, Vision, Solution: technical design, Solution: 
social design, and Transformation. Within each stage, there are ma'!Y spedfic activities. As a part ef the Vision stage, for 
instance, one ef the activities is ''identijj value-adding activities. " To accomplish this activiry ejfettive/y, a technique called 
activiry based costing (ABC) ... can be used, and a seftware tool available to peiform this technique is Eary ABC-Plus ry 
Cost Technology Inc. " 

From this example, it can be inferred that the notion of a method in the m ethodology definition most 
probably refers to som e sort o f stepwise procedure (in this case comprised of stages and activities), that 
specifies what should be done, as opposed to a technique, which seems to rather pertain to the ques tion 
how results are to be attained. A suchlike stepwise procedure is extraneous to Hackathorn and Karimi's 
description o f a m ethodology. 
Incidentally, note that the example above does no t go into the governing principles or common 
philosophy, which both are part of the methodology definition. 

Secondly, the three degrees o f conceptual depth are represented in D ean and Bowen 's (1994) definition o f 
Total Q uality (page 394): 

'a philosopf!J or an approach to management that can be characterised ry its prindples, practices and techniques. Its three 
main principles are customer focus, continuous improvement, and teamwork ... Each principle is implemented through a set ef 
practices, which are simp/y activities such as collecting customer information or ana/yzjngprocesses. The practices are, in turn, 
supported ry a wide arrqy ef techniques (i.e. spetiftc step-ry-step methods intended to make the practices ejfettive .. .) ''. 

Sousa and Voss (2002) adopt the definition as well as the classification o f the characterising elements and 
refer to practices as "the observable facet ef Qualiry Management" (page 92) and to tools and techniques as '~vre 

elements" (page 100). 
It should be noted that neither Sousa and Voss nor D ean and Bowen explicitly distinguish between tools 
and techniques, in contrast with H ackathorn and Karimi, and Kettinger, T eng, and G uha. Furthermore, 
the combination o f 'a philosopf!J or an approach to management that can be characterised ry its printiples" and the 
concept o f practices corresponds to the m ethodology definition of Kettinger, Teng, and G uha (and 
therefore partly to that of Hackathorn and K arimi). In addition, the notion of a technique is shared by all 
authors. 

In the third place, D e Koning and D e Mast (2006) refer to the m ethodological aspects o f the Six-Sigma 
programme as its Breakthrough Cookbook and state that m ethodologies such as Six-Sigma's 
Breakthrough Cookbook consist of four classes of elements: a business context, a stepwise strategy, tools 
and techniques, and concepts and classifications. 
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The business context is described as follows: ''At the background of the Six-Sigma programme is a philosopl?y that 
presents a business strafe!)'. This philosopl?y provides the motivation for implementing the programme f!J spetifjing which 
benefits it is claimed to have, and ... the rype of o~jectives that can be pursued with the methodoloJ!J" (page 768). 
The stepwise strategy is referred to as a stepwise procedure that serves as a means to put the 
aforementioned strategy into practice. In case of Six-Sigma, it is considered to consist of the phases 
Define, Measure, Analyse, Improve, and Control, which each group together a number of steps. An 
example of a step is: 'Uentifj and map relevant processes" (page 775). 
Tools and techniques, which are again not distinguished between explicitly, are defined as procedures that 
are intended to assist the project leader in attaining intermediate results. 
The concepts and classifications category denotes methodology-specific concepts and classifications, 
intended to communicate the elements above, and is therefore (in De Koning and De Mast's (2006) 
definition of Six-Sigma) intertwined with those preceding classes. 
Comparing the above to the other authors' contributions, it appears that the stepwise strategy exactly 
corresponds with the notion of a method in Kettinger, Teng and Guha's definition of a methodology and 
to the practices identified by Dean and Bowen, and Sousa and Voss. 
Furthermore, the definition of a technique is analogous to the preceding ones. 
Moreover, the concepts and classifications element is not identified explicitly in tl1e other articles, but it 
does not represent a level of conceptual depth and can logically be assumed to be part of the other 
conceptualisations as well, albeit implicitly. 
In addition, SinUlar to Kettinger, Teng and Guha, Dean and Bowen, and Sousa and Voss, De Koning and 
De Mast (2006) consider a philosophy to be at the background of the object of description (in this case 
the Six-Sigma programme). However, unlike Dean and Bowen, and Sousa and Voss, this philosophy is 
characterised by the benefits the object is claimed to have and the type of objectives that can be pursued, 
rather than by a set of principles. Roughly speaking, one could presume that benefits and objectives relate 
to the rationale for using the object (the why behind the what), while principles express what should 
focussed on - in general terms - in order to attain the benefits and objectives (refer to Dean and Bowen's 
definition of Quality Management). 

Finally, synthesis on the aforementioned issue is embodied by Iivari, Hirschheim, and I<Jein's (2000-2001) 
dynamic framework for classifying and understanding the myriad of information systems development 
methodologies that have been proposed in literature. This framework discerns four distinct levels of 
conceptual depth, named paradigms, approaches, methodologies and techniques. The notion of method 
and methodology are used interchangeably. 
Paradigms are contended to represent the highest level of abstraction and are shared by different research 
communities. Each paradigm derives its identity from its values on the four characterising attributes of 
ontology, epistemology, research methodology, and ethics. Because of the notion's rather philosophical 
(highly abstract) nature and the limited amount of time available for conducting the literature study and 
the graduation project, the concept of paradigm is not considered to be within scope of the definition that 
is to be provided in the remainder of this report and of the future additional definition and accompanying 
comparison, and is therefore not elaborated on any further. 
The authors state the following with respect to an information systems development approach 
(abbreviated ISDA): ''an ISDA ... is interpreted as a class of specijic information .rystem development methodologies 
(abbreviated ISDMs) that share a number of common features. More Jpetifical!J, we define an ISDA as a set qf related 
features that drive interpretations and a(tions in information .rystems development" (page 186). Furthermore, the 
following four features are proposed: goals, guiding principles and beliefs, fundamental concepts and 
principles for the information systems development (abbreviated ISD) process. Iivari, Hirschheim and 
I<Jein comment on these features as follows: "the goal sped.fies the general purpose of the ISDA" (page 186), 
"guiding printiples and belief.form the common philosopl?y, which ensures that its ISDM instances form coherent wholes" 
(page 186), 'Jundamental concepts large!J define "the nature of an information .rystem implitit in the approach - the focus 
and unit of ana!Jsis in ISD" (page 186), and "printiples of the ISD process express essential aspe(ts qf the ISD process in 
the ISDA" (page 168). In addition, the so-called Structured Analysis / Structured Design (SA/SD) 
approach is used to illustrate those characterising features of ISDAs. An example of a goal related to 
SA/SD is formulated as: "to provide maintainable software" (page 187); 'The design of modules with high cohesion 
and weak coupling" (page 187) is considered one of its guiding principles; a dataflow and cohesion are 
mentioned as two of its fundamental concepts; and "to app!J a situation-dependent process model" (page 187) is 
asserted to represent one of the principles of the ISD process. 
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Besides, the authors indicate the existence of a classification structure within the conceptual layer of 
approaches, consisting of sub- and super-classes, in which each sub-class inherits the features of its super
class (es) and super-classes are therefore characterised by a subset of their sub-class' or sub-classes' 
features. 
Furthermore, an ISDM is defined as 'a codified set ef goal-oriented 'procedures: which are intended to guide the work 
and cooperation ef the various parties (stak eholders) involved in the building ef an information .rystems application " (page 
186). The ISDM(s) belonging to a specific class of ISDAs are assumed to share the specific goals, guiding 
principles, fundamental concepts and principles of the ISD process by which the particular class is 
typified. Every ISDA may include, zero, one or more ISDMs as its instances. 
Moreover, a technique is claimed to be constituted by 'a well-defined sequence ef elementary operations that more or 
less guarantee the achievement ef certain outcomes if executed correct!J" (page 186). Each of the aforementioned 
procedures (part of the definition of an ISDM) is supported by a set of techniques and tools. Therefore, 
methodologies integrate these techniques - more or less successfully - into more coherent wholes. The 
concept of a tool is not amplified on in the article. 
Finally, the authors provide a procedure for accommodating and assimilating new ISDMs in the 
framework. Based on an abstraction of the new ISDM's main features, it is either added to and existing 
class or classes of ISDA(s), or the classification structure is altered to allow for the ISDM to become part 
of the framework. Noticeably and logically, the latter procedure requires a considerable amount of human 
judgement and hence is not deterministic. 

The observations that result from mapping the conceptualisation proposed by Iivari, Hirschheim, and 
Klein to the ones that were put forth in the preceding papers are presented below. 
In the first place, as noted before, Iivari, Hirschheim and Klein provide synthesis on the terms 
philosophy, principles and objectives that were introduced previously, by stating that the common 
philosophy is comprised of a set of guiding principles and beliefs, and defining the (second) highest level 
of abstraction as being characterised by both these guiding principles and beliefs, and the approach's main 
objective(s) (among other things). In fact, this can be considered the most precise description of a 
methodology's (second) highest degree of conceptual depth of all. 
Secondly, the ISDA fundamental concepts feature is comparable to the concepts and classifications 
element identified by De Koning and De Mast (2006), since they both refer to the same notion. However, 
Iivari, Hirschheim, and Klein consider the attribute to be a characterising element of the underlying 
approach and therefore possibly of multiple methods, while De Koning and De Mast (2006) typify the 
construct as potentially consisting on all levels of abstraction. On the other hand, Iivari, Hirschheim, and 
Klein's view still leaves room for method-specific concepts, but these are then regarded as being less 
fundamental, because a method's essence is captured by the approach to which it pertains. 
In the third place, the fact that Iivari, Hirschheim, and Klein distinguish between two types of principles 
in their typification of an ISDA might seem a bit confusing at first sight, and it is important to determine 
how they relate to one another to ensure that it is justified to discern them as two distinct features. Based 
on the definitions that are cited above, and the example descriptions of eleven ISDAs on pages 192 
through 194 of the article, the following can be stated in light of the relation between the two notions: 
Guiding principles and beliefs concern focal points (principles) or axioms (beliefs) that should be obeyed 
in order for the objective(s) to be achieved. Principles for the ISD process denote general properties of 
the method(s) (in this case ISDM(s)) that belong to the particular approach, which should ensue from the 
guiding principles and beliefs. 
Considering the above, the identification of the two aforementioned constructs as separate attributes 
seems to be righteous. 
Furthermore, Iivari, Hirschheim, and Klein, in contrast with any of the other authors, identify a degree of 
conceptual depth that is even higher than that of an approach (or similar notions named differently by the 
others), indicate the existence of a hierarchical classification within the approach layer and explicate a 
procedure for accommodating and assimilating new ISDMs in the framework. All three are a consequence 
of the - with respect to most of the other papers - anomalous nature of the article in that it attempts to 
establish a comprehensive framework as a basis for comparing and understanding different ISDMs rather 
than go into a specific method or approach. Only Hackathorn and Karimi's paper can be considered 
similar in the latter respect, but this article covers the depth dimension far less thoroughly, the definition 
of the depth dimension leaves relatively little room for nuance, and the framework therefore disregards 
the potentially shared essence of different methods. 
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Moreover, the definition of a methodology 0eaving out the part that relates to the specific domain of ISD) 
seems to correspond well to the notion of a method identified by Kettinger, Teng, and Guha, the concept 
of practices put forth by Dean and Bowen, and Sousa and Voss, and the construct of stepwise strategy 
proposed by De Koning and De Mast (2006). In particular, consider De Koning and De Mast's (2006) 
typification of the Breakthrough Cookbook in relation to Iivari, Hirschheim, and I<lein's definition of a 
methodology presented above: 'The Breakthrough Cookbook can be characterised as a .rystem of prescriptions: 
guidelines that tell a prqject leader what to do in order to reach a certain goal" (page 7 68). 
Finally, it is obvious that Iivari, Hirschheim, and I<lein's definition of a technigue is similar to those of the 
other authors. 

Considering the comparisons of the different conceptualisations that are presented above, it appears 
justified to state that they exhibit enough resemblance to regard them as variations of a single framework. 
In fact, the large degree of similarity could be interpreted as an indication of the literature sample being 
somewhat representative after all. 
Furthermore, the fact that the Six-Sigma method, and the construct of process simulation can be 
appropriately described and compared using the type of conceptualisation discussed in this paragraph, is 
supported by accounts of the latter nature in the articles by De Koning and De Mast (2006) and Kettinger, 
Teng, and Guha. 
Moreover, as stated before, the paper by Iivari, Hirschheim, and I<lein provides synthesis on a particular 
issue that arose from the comparison of the other papers, contains the most elaborate and precise 
framework of all, and is therefore considered to represent the shared essence of the conceptualisations 
best and to a sufficient extent. Therefore, the latter framework - with definitions of the terms involved 
abstracted away from the area of ISD, which is rather trivial - is chosen as a foundation for the remainder 
of the report. Note that in accordance with Iivari, Hirschheim, and I<lein, the distinction between tools 
and technigues is not regarded as being relevant in light of the literature review. 

The description of Six-Sigma that is part of the succeeding section consists - in addition to the elements 
that follow from Iivari, Hirschheim and I<lein's framework - of the construct's history, its strengths and 
weaknesses, and a category called other aspects. The latter category is introduced to facilitate the inclusion 
of some salient aspects that cannot properly be assigned to the other classes. As a whole, the 
aforementioned sections serve to establish a more complete definition and thereby provide a basis for a 
more comprehensive comparison in the future. 
Finally, a complementary section is incorporated, which - as a conclusion to the report - summarises the 
examination's main findings, identifies opportunities for future research, discusses the review's limitations 
and explicates my learning experiences in conducting the research. 

Section Q.3: Six-Sigma 
As follows from the two preceding chapters, this chapter contains a definition of the Six-Sigma 
methodology that is structured on the basis of the framework explained in chapter 2 (Establishing a basis of 
companson). Therefore, it relates to the latter of the two research guestions defined in section 1.1 (Research 
areas, research questions, and deliverables), and thus logically embodies the latter of the two deliverables that are 
described in that same section. 

Chapter 3 (Six-Sigma) is - in accordance with the preceding chapter's contents - organised as follows: 
Firstly, section 3.1 (Introduttion) introduces the notion of Six-Sigma and discusses with which level or levels 
of conceptual depth it is directly associated. 
In the second place, section 3.2 (Hz"story) contains an overview of Six-Sigma's history in terms of the 
events or developments from which it eventually originated. 
Thirdly, section 3.3 (Approach) discusses the highest (relevant) level of abstraction (the approach), 
conveyed in terms of its four main features. 
In the fourth place, Six-Sigma's intermediate level of conceptual depth (the method(s)) is (are) expounded 
in section 3.4 (Method(s)). 
Fifthly, section 3.5 (Tools and techniques) contains an overview and characterisation of the tools and 
technigues that are freguently employed while implementing the concept. As noted before, tools and 
technigues are not explicitly distinguished between in this chapter. 

Paoc 1-1-S of]()""' 
h 



hnal report Pcpijn ,\laa~ 

Furthermore, a number of remarkable aspects related to Six-Sigma, which could not be adequately 
assigned to any of the other categories, is described in section 3.6 (Other aspect(s)). 
Finally, section 3.7 (Strength(s) and weakness(es)) concerns the strength(s) and weakness( es) of Six-Sigma that 
are reported on in academic literature. 

Subsection Q3.1: Introduction 
In literature, Six-Sigma is frequently referred to as 'the Six-Sigma m ethodology' or 'the Six-Sigma m ethod', 
as remarked in chapter 2 (Establishing a basis of comparison). Although notions of the terms methodology and 
method diverge to some degree (as described in chapter 2 (Establishing a basis of comparison)), the 
aforementioned fact is indicative of the extent of conceptual depth the construct is commonly associated 
with directly, namely the intermediate level of a method. Put into other words, the concept of Six-Sigma 
relates to merely one distinct method, which is supported by a collection of tools and techniques, and 
shares its essence embodied by an approach with - possibly - several other methods. 
The fact that Six-Sigma can be characterised (meaning uniquely identified) by the extent of abstraction o f 
a m ethod, is supported by De Koning and D e Mast (2006). T hey conduct a so-called rational 
reconstruction of Six-Sigma's methodological aspects (represented by the type of objectives that can be 
pursued, a stepwise procedure, a collection o f tools and techniques and specific concepts and 
classifications), with a descriptive impetus. Although the type of goals that can be strived for and the 
concepts and classifications could be argued to partly pertain to the underlying approach, rather than to 
the method, the object of reconstruction primarily relates to the m ethod (stepwise procedure) and 
supporting tools and techniques. D e Koning and D e Mast (2005) state the following with respect to 
rational reconstruction: 
''.11 rational reconstruction presents a given problematic complex (the o!J'ect of reconstruction) in a similar but more preczse 
and more consistent formulation (the product of reconstruction) ... The given problematic complex is rypical!J intuitive, tacit 
knowledge. The simplest form of rational reconstruction is explication: the formulation of exmt definitions f or loose!J defined 
concepts" (page 267). 
Furthermore, rational reconstruction can be conducted with both a descriptive, and a prescriptive 
impetus. In descriptive reconstruction, the emphasis is on ''making the o!Ject 'more equal to itself f:y extrmting 
essential elements and reformulating and restructuring them" (De Koning and De Mast (2005), page 267), while 
prescriptive reconstruction mainly attempts to critically examine and - if necessary - correct the original 
material on the basis o f external formal criteria such as logic. 
Based on an extensive literature survey and the aforementioned rational reconstruction with a descriptive 
impetus, De Koning and D e Mast (2006) conclude that the variations found are superficial rather than 
essential and that Six-Sigma is therefore appropriately described by the collection of objectives that can be 
pursued, the single procedure consisting of a number of phases and steps, and the set of tools and 
techniques, as presented in their article. 
The aforementioned objectives correspond to tl1ose identified by Brady and Allen (2006). However, they 
regard these goals to be related to the concept of Quality Management and consider Six-Sigma to be one 
o f a certain number of practices within the latter field. Furthermore, while Six-Sigma might be contended 
to (also) extract its identity from its collection of supportive tools and techniques, De Koning and De 
Mast (2006) as well as many other authors (e.g. Brady and Allen) note that these tools and techniques were 
not developed for Six-Sigma, but borrowed from other areas. In addition, a set of techniques and tools is 
considered to relate to the level of a method, as brought up in chapter 2 (Establishing a basis of comparison). 
The above logically results in the conclusion that Six-Sigma is uniquely identified by the degree of 
conceptual depth o f a m ethod, as mentioned above, assuming that it is not merely a fad in the sense of an 
empty concept. This could either mean that Six-Sigma in fact relates to a method and a collection of tools 
and techniques, or that it additionally represents a certain subclass of approach to which only the 
particular method belongs. In both cases, the level of method is a characterising element. Whether the 
former or the latter situation applies is determined by whether or not Six-Sigma's method level 
comprehends certain fundamental principles or concepts that are not shared by any other (class of) 
approach. The aforementioned issue is elaborated on further in section 3.3 (Approach). 

Subsection Q3.2: History 
Some authors argue that Six-Sigma eventually originated from a series of developments and events ranging 
as far back as the eighteenth century. For example, Quinn (2003) m entions the establishment of the 
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rationale for specialisation in manufacturing by Adam Smith in 1776, while Folaron and Morgan (2003) 
credit Eli Whitney for the introduction of his revolutionary uniformity system, which was based on 
interchangeable parts, therefore allowed random selection of parts in the assembly stage and - as a 
consequence - radically improved efficiency of the manufacturing process as a whole. The latter authors 
continue to state that the nineteenth century's main contributions to the evolution of Six-Sigma included 
the invention and use of go- and no go-gages, which were applied to detennine compliance with minimum 
respectively maximum dimensions of the component in question, therefore actually represented minimum 
and maximum tolerance litnits, thereby embodying one of the first means towards identifying defects 
objectively. 

Furthermore, the end of the nineteenth century marked the invention of the mass fabrication paradigm in 
the United States of America, characterised by its economic focus on volume and productivity. As noted 
by De Mast and Does (2006), the disciplines of industrial statistics and quality engineering, with which Six
Sigma is commonly and logically associated, emerged in parallel and interwoven with the development of 
mass fabrication. The latter authors define the field of industrial statistics as "the discipline which develops 
quantitative methods and paradigms for inquiry and routine decision making in industry" (page 275). The notion of 
quality engineering is not explicated, but could be assumed - based on a general understanding of the term 
engineering - to relate to the development of systems that provide quality assurance or quality 
management within organisations. The concept of quality is dealt with further on, in section 3.3 
(Approach). 

Of particular importance to the (combination of the) aforementioned disciplines from the beginning of 
the twentieth century to the end of the Second World War were Talyor's Scientific Management, Ford's 
moving assembly line, and the research performed by Walter A. Shewart and Harold Dodge, each of 
which is concisely considered below. 
In the first place, the introduction of the mass fabrication paradigm stimulated the development of the 
field of management from an art into a more professional and more scientific discipline (confer De Mast 
and Does). In particular, techniques developed by Fredrick W. Taylor, which became known as scientific 
management, made work tangible and measurable through the analysis, fragmentation and subsequent 
standardisation of manufacturing processes. In addition, - according to Taylor - a managerial system 
should be in place to control the work, thereby separating planning and execution, which comprised a 
central theme in his system. 
Secondly, Henry Ford's own observations in combination with Taylor's ideas and his complementary 
research at the company resulted in the first moving assembly line used for large-scale manufacturing (of 
the Ford Model T) in 1913. The latter type of assembly process - as remarked by Folaron and Morgan -
further increased the need for predetermined part consistency, for the line should not be stopped or 
slowed down in order to function as planned. Furthermore, according to Quinn, Ford's early methods are 
a foundation of a number of contemporarily applied concepts in the field of quality engineering 
In the third place, Walter Shewart's scientific study of quality control led him to introduce the notions of 
assignable cause and chance cause of variation in process measurements, as well as an easy-to-use tool that 
assisted operators in distinguishing between the latter two, called the control chart, thereby laying a basis 
for the concept named statistical process control (abbreviated SPC), which still represents a standard 
practice in the area of quality control. However, despite Shewart's focus on process control, quality 
inspection continued to be the primary way to ensure quality (confer De Mast and Does, but note that 
Folaron and Morgan do speak of an increased focus on monitoring process stability over identifying and 
sorting defective products at this stage). Yet, the ever increasing production volumes - resulting from the 
adoption of the mass production paradigm and the industrial revolution - resulted in the individual testing 
of each product to become too costly, too time-consuming, or simply impossible due to adverse effects on 
the production output. This situation sparked off research into quality inspection by means of samples, in 
which Harold Dodge had a prominent role. He is regarded as one of the initiators of the movement that 
came to be known as Statistical Quality Control. Furthermore, the need for refined quality assurance and 
control - against the background of the growing complexity and size of production lots - gave rise to 
large quality control departments within organisations. 

After the Second World War the use of statistics initially grew, at least in the United States, and 
government imposed statistically based levels of product quality on its vendors. Yet, the trend of 
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es tablishing large, separate quali ty functions within organisations that had set in before, isolated the 
responsibility for quality from the operators that actually produced the product or service, creating an 
unfavourable mentality among the latter employees, as remarked by Folaron and Morgan. Furthermore, 
Wes tern companies continued to work in the traditional mass fabrication paradigm, thus focussing on 
productivity, volume and market share, and not on quality, as noted by D e Mast and D oes, and Folaron 
and Morgan. T here was, however, no acute need to do so, as pos t-war custom er affluence resulted in 
constantly increasing demand and an apparent tolerance for relatively high percentages o f defective 
products. 

T he J apanese, on tl1e other hand, regarded statistics as the secret weapon that had helped the Allies win 
the war. The pos t-war rebuilding of Japanese industry was considered a unique opportunity to deal with 
the prevalent inferiori ty of Japanese products regarding quality, which made them uncompetitive. 
T herefore, Western experts on the theory of statistics and quali ty management - such as William Deming, 
J oseph Juran, and Armand Feigenbaum - were hired to transfer their knowledge on the aforementioned 
fields, which had been largely ignored in the West, as remarked by De Mast and Does. The main 
contributions o f each are briefly discussed below. 
Firstly, Deming promoted solid problem solving methods and statistical techniques, such as his plan-do
check-act (abbreviated PDCA) cycle of continuous improvement, which was later changed into the plan
do-study-act (abbreviated PDSA) cycle. 
In the second place, Juran introduced the quality trilogy consisting of quality planning, quality control and 
quali ty improvem ent, which were considered as three complementary (but integrated) elem ents of quality 
managemen t. Furthermore, he stressed the need for active participation o f top management in quali ty 
activities, emphasised ongoing quali ty improvement in a project-by-project fas hion and associated quality 
with customer satisfaction or dissatisfaction. T he whole of its efforts was mainly directed at integrating 
quality initiatives throughout all layers in organisations (confer D e Mast and D oes, and Folaron and 
Morgan). 
T hirdly, Armand Feigenbaum was mos t renowned for his concept of 'to tal quality control' or ' to tal 
quality', which he defined as: "an effective .rystem to ensure production and service at the most economical levels that 
allow customer satisfaction" (Quinn, page 7). Total quali ty control later evolved into the well-known Total 
Q uality Management (abbreviated T QM). 
J apanese companies were eager to learn from the Western exp erts and invested heavily in training their 
employees in simple statistical and problem-solving tools. Furthermore, they established the project 
concept of quality improvem ent and instituted annual programs to the latter end. The production systems 
that Japanese firms developed - with the Toyota Production system being the m os t well-known example 
in the West - were economically focussed on low inventory levels, speed and flexibility. This required 
optimized changeovers, aggressive defect reduction, partnerships with suppliers and delegation of the 
authority to intervene in case of problems to the shop-floor workers. In addition, these employees 
participated in problem-solving superseding their daily routine in the form of so-called quality circles, 
making them the source o f process improvem ent, and not m anagem ent. Western organisational 
structures, on the other hand, were basically derived from Ford's command-and-control structure. 

In 1973, the oil embargo caused a shift in consumer attitude in the Wes tern world. Motivated by fear o f 
future fuel shortages, rising oil prices and resulting general inflation, product quality suddenly becam e 
central to the purchasing decision. Due to their focus on quality and statistics over the last few decades, 
the J apanese were able to respond quickly to the changing customer needs and offer products similar to 
those of the Wes tern companies, but at lower cos t, with less defects and superior reliability and durability 
(and more fuel efficien t in case o f the automobiles), as stated by D e Mast and D oes, and Folaron and 
Morgan. T he latter developments caused the Wes tern industries to be in a state o f recession. 
Initially, J apanese success was mistakenly attributed to cheap labour, low quality and imitation. Once the 
West realised that it was dealing with an entirely different and clearly superior manufacturing paradigm, 
the first reactions were "unfocused, rash and confused" (De Mas t and Does, page 273). A wave of quality gurus 
washed into the Wes tern business world within a couple o f years, and a large number of quality 
engineering and industrial statistics initiatives were introduced at monthly frequencies. H owever, some of 
these concepts proved to be merely fads. On the other hand, the majority had its valuable aspects, but did 
not endure due to a lack o f comprehensiveness. Therefore, one attempted to integrate these valuable ideas 
into more generic theories, partly forced by the economic developments in many industries that were 
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labelled 'hypercompetition' (confer De Mast and Does), and referred to an ever increasing competition on 
higher and higher levels of quality and efficiency, resulting in profit margins being highly pressurised. As 
noted by De Mast and Does, hypercompetition continued throughout the last decades of the twentieth 
century. 
Furthermore, as opposed to United States based manufacturing companies, Japanese firms believed in 
exchanging best practices on a national level, causing the former to continue to lose ground on the latter. 
In order to promote best practice sharing and provide a benchmark for quality systems that centred on 
customer satisfaction as a primary driver of business results, the United States' government introduced the 
Malcom Baldrige National Quality Award in 1987, an initiative that has been replicated by many countries. 
The first company to win the Baldridge Award was Motorola, for the data-driven, process centric program 
towards quality improvement that they designed in response to the abovementioned economic 
developments. Essentially, the latter program represents one of the integration efforts noted before, but -
according to De Mast and Does, is probably the most comprehensive of all. Motorola termed it Six-Sigma, 
because the concept aimed to achieve defect levels of only two in a billion, requiring twelve standard 
deviations of the output to be within specification limits (six on each side of the mean in case of 
symmetrical distribution and a symmetrical definition of specification limits with respect to the mean), 
which is commented on in subsection 3.3.1 (Of:jective(s)). 
Winning the Baldrigde Award compelled Motorola to share Six-Sigma with others, and the concept gained 
considerable momentum after its adoption by several large companies, such as General E lectric in 1995, 
and the enormous savings that were reported as a result. 
Finally, Quinn distinguishes between a first generation (the late eighties and early nineties) and a second 
generation (from the mid nineties onward) of Six-Sigma applications. The latter author claims that the 
second generation exhibited much stronger top leadership support and involvement, and put more 
emphasis on customer focus, as embodied by the addition and specific content of the Define phase. 
Quinn considers the beginning of the second generation to be marked by the implementation o f Six
Sigma at AlliedSignal in 1994. 

Subsection Q3.3: Approach 
As noted by De Koning and De Mast (2006) and Linderman et al. (2003), a consistent and crystallised 
exposition of Six-Sigma's methodology and philosophy is yet to be developed. According to the former 
authors, present accounts of the concept do not meet scientific standards of precision and consistency. 
Although their 2006 article attempts to provide a suchlike description, it is principally focused on the 
method, and tools and technique levels of abstraction, and does not cover the underlying approach to the 
extent of its four main features (as identified in chapter 2 (Establishing a basis of comparison)) . 
The absence of a scientifically sound definition of Six-Sigma has proven to be an obstacle to scientific 
research of the concept (confer De Koning and De Mast (2006)) . Linderman et al. remark in the latter 
respect that: 'While Six-Sigma has made a big impact on industry, the academic communiry lags behind in its 
understanding of Six-Sigma" (page 193), an assertion which is supported by Hendry and Nonthaleerak (2005). 
Brady and Allen state: "in general, too much research has been focused on descriptions of practice rather than on theory 
development that is of use to managers and scholars" (page 348). In addition, their literature review points out a 
gradual shift from the authorship of Six-Sigma articles being industry dominated to becoming dominated 
by the academic community, which has set in fairly recently (around the year 2000). 

The relative immaturity of research into the philosophy that underpins Six-Sigma, as described above, 
severely complicates the exposition of the approach that is to be presented in this paragraph. Naturally, 
there are fragments of literature that focus on the latter topic, but no comprehensive, scientific research 
has been conducted to provide reconstruction of and thereby possibly synthesis on the aforementioned 
fragments . 
Since a suchlike reconstruction does not fit with the intended depth of and available time for the 
examination that resulted in this report, the contents of this paragraph are unavoidably based on scraps of 
literature that are extracted from a selection of articles too small to be considered fully representative. 
Therefore, similar to the design of the report's structure in chapter 2 (Establishing a basis of comparison), the 
definition of the approach underlying Six-Sigma provided below cannot be considered optimal from a 
scientific-methodological point of view. 
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In the first place, Six-Sigma appears to be commonly associated with quality improvement (confer, among 
others, De Koning and D e Mas t (2005 and 2006), Folaron and Morgan, and Hendry and N onthaleerak), 
which is defined - very succinctly - by D e Mast (2004) as: ''the J)!Stematic and proactive pursuit of improvement 
opportunities in p rodudion processes to increase the qualiry to unprecedented levels ('breakthrough')" (page 256). T his 
definition shows that the term quality improvement (naturally) refers to the conceptual level of an 
approach, since the four features that were introduced in chapter 2 (Establishing a basis of comparison) seem 
to represent a suitable means of characterisation. 
Furthermore, as was noted previously, quality improvement is traditionally regarded as one of three 
processes - along with quality planning and quality control - that together constitute the notion of quality 
management, as remarked by - among o thers - De Mast (2003 and 2004), D ean and Bowen, and Quinn. 
The fact that quality management is adequately typified by the degree of abstraction of an approach 
follows naturally from its - fairly general - definition, developed by Dean and Bowen (and adopted by 
Sousa and Voss), as cited in chapter 2 (Establishing a basis of companson) . Furthermore, the (indirect) relation 
between Six-Sigma and quality management is confirmed by Brady and Allen, and Klefsjo, Wiklund, and 
E dgeman (2001). The former - as stated before - regard Six-Sigma as one of certain number of quali ty 
management practices, while the latter consider tl1e concept a methodology within the larger context of 
quali ty management (or To tal Quali ty Management). Moreover, D e Mast (2006) states: 'Traditional!J, Six
Sigma is classed among initiatives for qualiry improvement and total qualiry management" (page 456). 
In addition, the aforementioned author (2003 and 2004) identifies a class of approaches to quali ty 
improvement which depends on statistical methods (consisting of a number of so-called statistical 
improvement strategies) and contends Six-Sigma to pertain to this type of approach. Moreover, the latter 
author describes a number of specific concepts and principles that are related to statistical quality 
improvement. 

As can be concluded from the above, Six-Sigma seems to be part of the hierarchy of approach classes 
consisting of (from higher-level to lower-level): quality management, quality improvement and statistical 
quali ty improvement. In accordance with suchlike classifications' points of departure (as described in 
chapter 2 (Establishing a baszs of comparison)), Six-Sigma ought to inherit all of these classes' features, which 
should be encompassed by the lowest level class of statistical quality improvement. As noted before, D e 
Mast (2003 and 2004) denotes a number of specific concepts and principles that the latter class exhibits. 
H owever, these concepts and principles mainly refer to the class-specific aspects of statistical quality 
improvement and not to the inherited ones. T herefore, the description of the four main features that 
characterise the approach underpinning Six-Sigma, which is presented below, is based on an amalgamation 
of aspects pertaining - according to literature - to quality management, quality improvement, and 
statistical quali ty improvement. 
Furthermore - as stated before -, it is possible that Six-Sigma (by itself) belongs to a class that can be 
subsumed under statistical quali ty improvement, which depends on whether Six-Sigma exhibits one or 
more fundamental features that distinguishes the method from other methods that are part of the 
statistical quality improvement class . This is additionally discussed in the remainder of this paragraph. 

Subsection Q3.3.1: Objective(s) 
As can be inferred from the articles by D e Mas t (2003 and 2004), the approach class statistical quali ty 
improvement primarily discerns itself from the super-class of quality improvement by the manner in 
which the desired result is to be attained ((method) principle(s)) , and a number of accompanying 
fundamental concepts, rather than by tl1e desired result, i.e. objective, itself. Furthermore, the approach 
classes of quality management and quality improvement do no t seem to be related sinlliarly, since the 
no tions of quality planning, quality improvement and quality control are considered to be complementary 
(but integrated) aspects of quality management (confer D e Mas t and D oes), meaning that it is impossible 
to fully achieve quality management's objective without reaching each of the latter three classes' aims. This 
implies that the quality improvement approach class differs from the quality management one with respect 
to goal. 
Therefore, Six-Sigma is considered to indirectly inherit its objective from the approach class of quality 
improvement, which is defined by D e Mast (2003) as: ''to increase qualiry to unprecedented levels ('breakthrough')" 
(page 256). 
N o te however, that it is ques tionable whether a relation between approach classes such as the one 
between quali ty management and quality improvement considered above is allowed within the framework 
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designed by Iivari, Hirschheim, and Klein. After all, all of the approach classes within the latter framework 
directly pertain to the area of information sys tems development, while quality managem ent and quality 
improvement - although clearly related - partly refer to different things. Including bo th in one fram ework 
could therefore require the introduction o f a new type of relationship between approach classes. Yet, as 
Six-Sigma is - as remarked before - commonly associated with both quality managem ent and quality 
improvement, the aforem entioned issue is taken for granted and not discussed into more depth. 

Six-Sigma's goal is also frequently referred to in literature as reducing defects (see, among others, 
Linderm an et al., Raisinghani et al. (2005), and H endry and Nonthaleerak). In par ticular, Raisinghani et al. 
state: ''the immediate goal of Six -Sigma is to reduce defects. Redudng defects leads to yield improvement. Higher yields 
improve customer satisfaction. The ultimate goal is enhanced net income" (page 499). 
Altl10ugh this citation appropriately distinguishes between an immediate and an ultimate goal (after all, 
quali ty improvement is not performed for the sake o f the improvement itself), it is based on a rather 
narrow interpretation of the quali ty concept, which does not do justice to prevalent notions o f quali ty. A 
more elaborate definition of the quali ty construct is provided by D e Koning and D e Mas t (2006), which is 
incorporated into section 3.3.3 (Fundamental concept(J)), together with the thereon dependent distinction 
between direct and indirect objectives . The specific relation between the latter two types of obj ectives 
could be argued to correspond to a similar connection between approach classes. H owever, since section 
3.3 is principally focussed on es tablishing Six-Sigma's essence, the aforementioned discussion is 
considered o f secondary importance and therefore not elaborated on further. 
In addition, remark that the fact that Six-Sigma inherits its aim from the quali ty improvement approach 
class logically implies that it does not differ fundamentally from any of the other (sta tistical) quality 
improvement methods in terms of its objective. 

As a conclusion to this subsection, no te that Six-Sigma took its name from its supposed aim of achieving 
defect levels o f only two in a billion, requiring twelve standard deviations of the output to be within 
specifica tion limits, as mentioned in section 3.1 (History). This could result in the conclusion that Six
Sigma represents, in addition to a method and a collection o f tools and techniques, a separate approach 
class because none of the approach classes that were discussed thus far are characterised by an objective 
that is that specific. H owever, D e Koning and D e Mas t (2005) state that brining each process on the Six
Sigma level o f quali ty seems untenable from an economical point of view. Therefore, they conclude that 
''it is questionable whether the mqjoriry of Six -Sigma prqjects real/y aim at this of:jettive" (page 269). In addition, the 
latter authors point out that enormous sample sizes would be required in order to tes t whether these 
defect levels are actually achieved. 
Considering the above, there is insufficient evidence to revise the previously drawn conclusion that Six
Sigma indirectly its target from the approach class o f quality improvement. 

Subsection Q3.3.2: Guiding principle(s) and belief(s) 
Since Six-Sigma belongs to the approach class o f statistical quali ty improvement, which is in turn 
hierarchically encompassed by respectively the quality improvement and quality management classes, it 
inherits all of these classes' guiding principles and beliefs, the most relevant o f which are described - per 
class - below. 

Qualiry Management 
T he article by Dean and Bowen centres on the concept o f Total Quality. The fact that Sousa and Voss 
adop t D ean and Bowen's definition o f Total Quality and equate it with the concept of quality 
management supports the supposition that both refer to the sam e notion. H owever, D ean and Bowen, 
and Sousa and Voss consider their concepts to pertain to the whole o f an approach, methods, and tools 
and techniques (according to the definitions provided by Iivari, Hirschheim, and Klein), while quality 
management is regarded as merely an approach in this report. Quality management is therefore - in the 
context of this literature study - assumed to relate to the approach class o f D ean and Bowen's T otal 
Q uality concept, and thereby to Sousa and Voss ' quality management construct. 
According tot D ean and Bowen, the quality managem ent approach embodies the three primary principles 
o f custom er focus, continuous improvement and teamwork. 
Firstly, custom er focus pertains to attaching paramount importance to providing products and services 
that fulfil customer needs, because of the belief that customer satisfaction is the m os t important 
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requirement for long-term success. Furthermore, this principle requires the entirety of an organisation to 
be directed at its customers. 
In the second place, the principle of continuous improvement is based on the belief that customer 
satisfaction is only achieved through persistent improvement of (both technical and administrative) 
processes that create the products or services. The backdrop of this principle is embodied by the notion 
of an organisation as a sys tem of interlinked processes. 
T hirdly, teamwork refers to collaboration between managers and non-managers (thereby empowering 
lower-level employees), cross-functional cooperation (thereby stimulating process-oriented thinking) and 
working together with customers and suppliers (thereby exploiting perceived benefits such as synergy and 
loyalty). 

The principles explicated above are largely confirmed by Helsten and Klefsjo (2000), Rungtusanatham, 
Ogden and Wu (2003), and West (2000), which - in case of the first two papers - provides additional 
evidence of quality management, Total Quality and TQM referring to the same notions in essence (in 
addition, TQM and quality management are used interchangeable within Rungtusanatham, Ogden and 
\Vu's article). It should be noted however, that the theory of TQM presented in the latter paper has been 
extracted specifically from the so-called Deming management method, which most probably is a method 
belonging to the quality management approach class. Furthermore, although Dean and Bowen's principles 
recur in each of the other articles, albeit in a slightly different form in several cases, a number of additional 
focal points are identified, each of which is briefly considered below. 
In the first place, Rungtusanatham, Ogden and Wu, and West mention leadership or visionary leadership 
as a guiding principle, which concerns management's ability to lead an organisation based on a long-term 
vision that rests on changing customer requirements, and to establish and maintain an internal 
environment that stimulates employee involvement in achieving the organisation's objectives. Although 
this notion is not discerned by Helsten and Klefsjo, those authors do mention the related element of top 
management commitment. 
Secondly, all authors emphasise the need for a process-focus. Although Dean and Bowen do not present 
the latter as a primary principle, it is - more or less - implicated by their second and third principles (as 
noted above). 
Thirdly, Helsten and Klefsjo, and West identi fy decision making based on facts (data and information) as a 
focal point. 
Furthermore, Rungtusanatham, Ogden and Wu, and West introduce employee related principles that are 
not covered by Dean and Bowen. The former regard employee fulfilment, i.e. the extent to which 
employees feel that their needs are satisfied, as a focal point, whereas the latter stresses involvement of 
people from all organisational layers (which could be contended to be encompassed by Dean and Bowen's 
third principle). 
In addition, West denote a system approach to management, that is, "identifying, understanding, and managing a 
rystem ef interrelated processes for a given objective" (page 80). This element seems to correspond to the notion 
underlying Dean and Bowen's second principle. 
Moreover, Rungtusanatham, Ogden and Wu, identify learning - described as: ''the OtJ,anisationaf capability to 
recognise and nurture the development ef its skiffs, abilities, and knowledge base" (page 927) as a focal point. 

As a conclusion to this part of subsection 3.3.2 (Guiding primipfes and beliefs), no te the assertion made by 
Helsten and Klefsjo that quality management's guiding principles and beliefs (termed values in the article 
in question), as well as their interpretation is likely to change in the course of time. 

Quality Improvement 
The foremost guiding principle relating to the approach class of quality improvement that was found in 
literature concerned the axiom that quality improvement should be conducted in a project-by-project 
fashion. The latter principle is mentioned by e.g. De Mast (2003 and 2004) and Van Den Heuvel, Does, 
and Vermaat (2004). The latter authors state in the aforementioned respect: "Chronic problems will finger 
unless thry are put on the agenda and scheduled as projects for improvement qy upper management" (page 420). 
Furthermore, De Mast (2003 and 2004) and Van Den Heuvel, Does, and Vermaat (2004) note that quality 
improvement ought to be performed systematically, which - according to the latter authors - is a 
necessary condition for making sustained progress. 
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Finally, D e Mas t (2003 and 2004) remarks that quali ty improvement is proactive rather than reactive in 
nature, i. e. improvement opportunities should be actively pursued. 

Statistical Qualiry improvement 
D e Mast (2003) provides a general description of the approach class of statistical quali ty improvement. 
According to the latter author, the particular approach class' guiding principle is the fact that quali ty 
improvement should be based on empirical inquiry. D e Mast (2003) considers the function of empirical 
inquiry to be the explanation, and - based thereon - the prediction and control, of empirical phenomena 
through the testing of conj ectures to empirical evidence. T hus, quality improvement based on empirical 
inquiry implies the use of statistics. 
As a consequence, in order for quality improvement to be based on empirical enquiry, it should - in the 
aforementioned author's view - comply with the following two conditions: 
In the first place: ''it is aimed at the discovery of relations bet1veen the qualiry characteristic under stucjy and influence 
f actors in the process; improvement attions are derived f rom these relations" (page 25 7). 
Secondly: ''conjectured relations are tested against empirical data before they are accepted as true" (page 257). 

Finally, as a conclusion to this subsection, note that Six-Sigma might be argued to pertain to - besides a 
method - a separate approach class because of the fact that a number of authors (e.g. Brady and Allen, D e 
Mast (2006), and H endry and Nonthaleerak) appear to consider a priority on bottom-line results (both in 
the initiation of projects and as a whole) to embody one of Six-Sigma's fundamental principles. As can be 
inferred from the above, the latter principle is no t explicitly mentioned as one the previously considered 
approach classes' guiding principles or beliefs. H owever, it could be asserted to follow from the notion of 
quality which seems to underlie all o f the aforementioned classes. As remarked before, the concept of 
quali ty is described in section 3.3.3 (Fundamental concept(s)). 
Furthermore, Brady and Allen consider ''training of non-statistitians in the vocational use of statistical tools with 
minimal theory" (page 336) to be a guiding principle related to Six-Sigma. Yet, the latter could just as well be 
contended to pertain to the approach class of statistical quali ty improvement. 

Subsection Q3.3.3: Fundamental concept(s) 
T he concepts that are fundamental to the approach class o f statistical quality improvement - to which Six
Sigma is considered to relate most directly - concern on the one hand the notion of quality, which is 
shared by all o f the approach classes considered above, and on the other a number of concepts that are -
according to D e Mas t (2003) - specific for the class of statistical quality improvement. Bo th are described 
in turn below. 

In the first place, the concept of quality is discussed in detail in D e Koning and D e Mast (2006). Figure 
33, which is presented below and is copied from the latter article (page 771), provides an overview of their 
definition of the concept, as well as the consequences of improving on quality by means of e.g. the Six
Sigma method. 



I ;inal report 

Quality 

Product quality: 
- performance 
• features 
- reliability 
- oonforrnanoe 
- durability 
- servlceablllty 
- aesthetics 
- perceived quality 

Process quality: 
• process capability 

(defect rate) 
· cycle time 
- yield 
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The customer satisfaction argument 

Strategic benefits 
associated with customer 
satisfaction : expansion of 
marl<et share, reduction 

of price sensitlvl 

Improvements ·n oost 
structure 

Bottom-line 
res Its 

Showcases 

The cost of poor quality argument 

Figure 2 8: the concept of qualiry and arguments for improving on qualify (t·opied from De Koning and De Mast (2006)) 

Note that the phrases 'T he customer stati.ifaction argument': 'The cost of poor qualify argument" and "Showcases" 
within the above figure refer to the three perspectives from which the usefulness of Six-Sigma is argued in 
literature, according to D e Koning and D e Mas t (2006). 

As can be inferred from figure 28, the concept of quality can pertain to either product quality or process 
quality. 
D e Koning and D e Mas t (2006) define product quality as the extent to which customer dem ands with 
respect to the product characteristics listed in figure 28 are met. Furthermore, process quality refers to 
process attributes, rather than individual product properties. It is defined by the latter authors as reflecting 
the demands of internal custom ers, and ' ~·omes down to effectiveness (the extent to which a process provides required 
features) and efftdenry (being ejfettive at low cost)" (page 771). The dimensions of process quality are considered 
to be process capability (the degree to which a process produces products that are free from defects), cycle 
time, yield and production cos ts not related to defects. 
As described in figure 28, improvements in product quality are asserted to result in increased customer 
satisfaction, which in turn is contended to either lead to an increase in market share or to higher pro fit 
margins, which both ought to have a direct positive influence on an organisation's bottom-line results. 
O n the other hand, the improvement of process quality is deem ed to benefit an organisation 's cost 
structure because o f a decrease in the extra activities that are needed as a result o f non-conformance (non
conformance to the internal customers' demand with respect to the process quality attributes mentioned 
above). The latter should again result in a rise of bottom line results. 

Note that D e Koning and D e Mas t (2006) provide the above definitions in the context of their rational 
reconstruction o f Six-Sigma's m ethodological aspects. H owever, the fact that this notion o f quality as well 
as the rationale behind quality improvem en t applies to all of the approach classes discussed before is 
suppor ted by the explication of a similar conceptualisation by Brady and Allen, and Sousa and Voss in the 
context of quality management. 

Secondly, as remarked before, De Mast (2003) provides a characterisation o f the approach class o f 
statistical quality improvement, which includes a number o f concepts which are presented as being 
specific to the latter class. These fundamental concepts are discussed below. 

In the first place, following from the conditions that are specified in section 3.3.2 (Guiding prindple(s) and 
beliej(s)), the result of any statistical quality improvement project is embodied by an explanatory network of 
causal relations "between fmtors in the production process and the qualiry characteristic under stuc!J" (De Mast (2003), 
page 257). T he knots in a suchlike network are of two types, critical-to-quality characteristic (abbreviated 
CTQ), and influence factor. 
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CTQs refer to dimensions of product or process quality (as listed above) that are the subject of an 
improvement project, "in the sense that the quali!J problem can be translated in thiS f orm: one or a few CTQs do not 
meet their requirements" (De Mast (2003), page 257). 
Influence factors are 'Jm1ors in the process that causal/y ajfett the probabilistic properties ef a CTQ" (De Mast 
(2003), page 25 7). In addition, the vital few influence factors are considered to pertain to "the group ef factors 
whose effects dtJminate the effects ef all other factors (the trivial ma'!Y)" (De Koning and De Mast (2006), page 772). 

Furthermore, three distinct types of influence factors can be distinguished between, namely control 
variables, nuisance variables, and disturbances. An influence factor 's type largely determines ''how it should 
be discovered, its effect tested and which role it plcrys in improvement actions" (De Mast (2003), page 258). Definitions 
of, and some additional information on each type is provided by De Mast (2003), and presented below. 

• Control variables: '~vntinuous, discrete or even binary variables which are the experimenter's instrument to 
manipulate the CTQ. This implies that it is possible and feasible to set a control variable to a desired value" (page 
258). 

• Nuisance variables: ''continuous, discrete, or even binary variables which are sources ef unwanted variation that have 
to be eliminated or compensated for. It is not necessari/y impossible for the experimenter to exert influence on their value, 
but especial/y duringproduction it zj either not feasible or unwanted to control their value" (page 258). 

• Disturbances: ''events that have an undesired consequence for the CTQ" (page 258). 

Subsection Q3.3.4: Method principle(s) 
The principles that should apply to any method pertaining to the approach class of statistical quality 
improvement are again discussed in De Mast (2003) and briefly expounded below. 

Firstly, De Mast (2003) notes that all methods that share the aforementioned characteristic should in 
essence be comprised of the following five phases: 
1. Operationalisation, which concerns the development of an operational definition of the quality 

problem. 
2. Exploration, in which the potential influence factors are identified. The work that is performed in this 

stage is of a speculative, non-methodical nature. 
3. Elaboration, which pertains to the ordering and explication, i.e. the establishing of operational 

definitions, of the potential influence factors that are identified during the preceding phase. 
4. Confirmation, in which the effects of the influence factors are experimentally verified. This stage 

therefore ensures objectivity. 
5. Conclusion, which refers to the specification of improvement actions based on the discovered 

relations, as well as to updating the quality control system in order to make these improvements 
sustainable. 

In the second place, De Mast (2003) remarks that the operational definition of a quality problem should 
be constituted by the following elements (paraphrased): 
1. A definition of the unit that is measured, i.e. the 'thing' of which the CTQ is a property. Furthermore, 

De Mast (2003) remarks that ''the collection ef all units is called the population" (page 259) and that ''the 
population can be defined ry describing the process that generates the units" (page 259). 

2. The association of the CTQ with a (reliable) measurement procedure that attributes a value to each 
unit. 

3. The explication of the requirements on the CTQ in terms of the defined measurement scale. 
4. The assessment of the current magnitude of the quality problem through the subsequent collection of 

a sample of units, determination of their CTQ value, and comparison with the previously stated 
requirements . 'The result can be expressed as a percentage ef defective units, in the form ef a capabili!J index 
(allowable process spread divided by actual process spread), or as a mean and a short- and long-term spread" 
(page 259). 

5. A specification of when the quality problem is considered solved. 

Thirdly, although the activities that are performed within the exploration phase are non-methodical in 
nature, De Mast (2003) mentions a number of heuristics for the identification of potential influence 
factors that are provided by literature, and which should ideally be supported by the methods pertaining to 
the approach class of statistical quality improvement: 
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• Zooming-in strategy: ''the space of possible influence fadors is subdivided into classes (e.g. classes of types of 
variation). Identijjing characteristic behaviour of the CTQ the experimenter eliminates entire classes of influence factors, 
thus zooming-in on the relevant classes" (page 259). 

• Thinking in standard categories: ''influence factors could be searched in standard categories, such as Man, Mmhine, 
Method, Measurement and Environment" (page 259). 

• Assignable causes in data: "the experimenter searchesfor patterns in data, thus identijjingpotential influence 
factors" (page 259). 

• Thinking in analogies: ''influence fa.tors that plcry a role in comparable problems could be translated to the problem 
at hand" (page 259). 

Furthermore, according to the Mast (2003) the improvements actions that are defined based on a 
statistical quality improvement method correspond to a number of standard patterns, which should 
therefore be incorporated into suchlike methods. The latter patterns are described below. 

• Adjustment of the mean: "one or more control variables are acjjusted to bring the CTQ's mean closer to its desired 
value" (page 259). 

• Robust design: "one or more control variables are adjusted to make the process less sensitive to sources of variation 
such as nuisance variables" (page 260). 

• Tolerance design: ''the variation in a nuisance variable is reduced or eliminated" (page 260). 

• Feedforward control: 'a control variable is continuous!J acjjusted to compensate for the variation of a nuisance 
variable" (page 260). 

• Feedback control: 'a control variable is continuous!J adjusted to compensate for unexplained drifts in the process" 
(page 260). 

• Mistake proofing: ''the occurrence of disturbances is prevented or their effect on the CTQ reduced" (page 260). 

Finally, De Mast (2003) notes that the methods relating to the approach class of statistical quality 
improvement ought to emphasise the iterative nature of a statistical quality improvement project. In fact, 
the continuous alternation of the development of conjectures and their verification through empirical 
observation (i.e. of the Exploration and Confirmation phases) embodies - according to the latter author -
the core of suchlike projects. 

Subsection Q3.4: Method(s) 
Although De Mast (2003 and 2004) note that multiple examples of methods that pertain to the approach 
class of statistical quality improvement exist, this section is logically focussed on the Six-Sigma method. 

As is clear from chapter 2 (Establishing a basis of comparison), a method is defined as a codified set of goal
oriented 'procedures', which are intended to guide the work and cooperation of the various parties 
(stakeholders) involved in - in this case - conducting a quality improvement project. 
Furthermore, De Koning and De Mast (2006) - as mentioned before - present a rational reconstruction 
of Six-Sigma's methodological aspects, among which a stepwise procedure for tackling projects, i.e. the 
Six-Sigma method. Since the description of the Six-Sigma method that the latter authors present is 
therefore based on a meticulous comparison of descriptions stemming from a large collection of scientific 
literature and they additionally conclude that the variations found are superficial rather than essential, the 
description provided in their article is considered to represent the Six-Sigma method best. A summary of 
the latter description is provided in table 1 below. Its contents are largely copied from the aforementioned 
article. Remark that the activities relating to a particular phase are in fact an operationalisation of its 
functionality. 
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Phase name Functionalit\ ActiYities 

Dl: Identify and map relevant processes 

Problem selection and benefit 
D2: Identify targeted stakeholders 

D efine 
analysis D3: Determine and prioritise stakeholder needs 

and requirements 
D4: Make a business case for the project 

Ml : Select one or more CTQs 
Translation of the problem M2: Determine operational definitions for CTQ s 

Measure 
into a measurable form, and and requirements 
measurement of the current M3: Validate measurement sys tem of CTQs 
situation M4: Assess the current process capability 

MS: Define objectives 

Identification of influence Al: Identify potential influence factors 
Analyse factors that determine the A2: Select the vital few influence factors (termed 

CTQ 's behaviour Xs) 

Design and implementation of 
Il: Quantify relationship between Xs and CTQs 

adjustment to the process to 
I2: Design actions to modify the process or 

Improve 
improve the performance of 

settings of influence factors in such a way 

the CTQ's that CTQs are optimised 
I3: Conduct pilot test of improvement actions 

Adjustment of the process Cl: Determine the new process capability 

Control management and control C2: Implement control plans 
system in order that 
improvements are sustainable 

Table 33: the Six -Sigma method (adopted from De Koning and De Mast (2006)) 

Subsection Q3.5: Tools and techniques 
An overview of the tools and techniques that are commonly associated with Six-Sigma, as well as their 
functionality and the Six-Sigma phase(s) in which they are applied is provided by De Koning and De Mast 
(2006). 

On the basis of table 3, De Koning and De Mast (2006) remark that the collection of tools and techniques 
that is used within Six-Sigma encompasses almost all of the tools and techniques that have been 
developed in the field of statistical quality control (or industrial statistics and quality engineering). A 
similar statement is made by D e Mast (2004). Furthermore, De Koning and De Mast (2006) state that 
these statistically oriented tools and techniques are supplemented with relatively straight-forward problem
solving and process analysis tools, whose utilisation was widely promoted by the Japanese, such as: 
process maps, the cause and effect matrix, the pareto chart and the five why's. In addition, the latter 
authors mention the incorporation of a number of techniques which are borrowed from marketing, such 
as focus groups, customer interviews, and survey studies. T hese techniques mainly serve to provide 
support during Six-Sigma's D efine phase. 

As is clear from the above and was remarked before, the tools and techniques that are applied in the 
execution of Six-Sigma projects seem to not have developed especially to that end, but rather concern 
existing ones that stem from different fields . This is supported by Brady and Allen, who state the 
following: 'The mqjori!J of all rypes of articles (on Six-Sigma), even those on tools and techniques, contained no new 
techniques but rather standard techniques adapted to the context of Six-Sigma prqjects" (page 340). 

Subsection Q3.6: Other aspect(s) 
As described in the introduction to this chapter, this subsection considers a number of salient aspects 
related to Six-Sigma that could not be adequately subsumed under any of the other sections. Each of these 
aspects is briefly commented on below. 
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In the first place, while this literature review is focussed on Six-Sigma in its traditional form, variants on 
that traditional form exist, the most prominent of which appears to be Design For Six-Sigma (abbreviated 
DFSS). DFSS, as noted by Kwak and Anbari (2006), and Mortimer (2006), is used to design new 
processes and products at Six-Sigma quality levels, rather than to improve on existing ones. According to 
both, DFSS is comprised of the phases Define, Measure, Analyse, Design, and Verify. The concept of 
DFSS is not elaborated on further in this report, because it is not relevant in the context of my graduation 
project. 

Secondly, the execution of Six-Sigma projects is facilitated by a standardised organisational structure, 
consisting of Champions, Master Black Belts, Black Belts, Green Belts, and Yellow Belts which each have 
a fixed role. Furthermore, as might be clear from the obvious analogy with a certain collection of martial 
arts, every role including the term Belt is associated with a different level of Six-Sigma training and thus 
Six-Sigma related competencies and experience. Notably, Walters (2005) considers Six-Sigma training to 
be more intensive, more focussed and better equipped than that of other quality improvement initiatives. 
In addition, Linderman notes that intensive and differentiated training is an integral part of the method. 

In the third place, the Six-Sigma method originated from a manufacturing environment, which raises the 
question whether if it can be employed equally well in non-manufacturing settings. Van Den Heuvel, Does 
and Vermaat remark in the latter respect that while Six-Sigma has been predominantly used to improve 
manufacturing processes in the past, it is now increasingly applied to a wide variety of non-manufacturing 
processes. In addition, Brady and Allen observe a trend in Six-Sigma literature which concerns the 
diversification of research topics from primarily manufacturing focussed to more general in nature. The 
latter trend is - according to those authors - characterised by an increased emphasis on generic issues and 
on service-related business sectors. On the other hand, Hendry (2005) concludes that "the literature has 
conflicting evidence regarding the applicabiliry of Six Sigma to non-manufalturing settings and therefore there is a need to 
investigate this issue further'' (page 8). However, De Koning and De Mast (2006) note that the fact that 
present accounts of the method do not meet scientific criteria of precision and consistency has proven an 
obstacle to scientific research of the method in general and of its applicability in non-manufacturing 
environments. 

Finally, it is noteworthy that while Six-Sigma itself has a project-level focus , termed mesa-level by Brady 
and Allen, implementing the concept as a method for continuous improvement within organisations 
requires it to be encompassed by an embracing coordination mechanism. From that perspective, several 
authors - e.g. De Koning and De Mast (2005 and 2006) and De Mast (2004) - mention the distinction 
between outer Measure Analyse Improve and Control (abbreviated MAIC) loops and inner MAIC loops. 
In the latter case, the outer MAIC loop serves the strategic coordination of improvement projects, which 
are represented by inner MAIC loops. 

Subsection Q3.7: Strength(s) and weakness( es) 
As follows from the introduction to this chapter, subsection 3.7 (Strength(s) and weakness(es)) covers Six
Sigma's main strengths and weaknesses. Both are considered in turn below. 

Firstly, part of the argued rationale for adopting the Six-Sigma method is already described in subsection 
3.3.3 (Fundamental concepts). After all, its aim is to increase quality levels to unprecedented levels, and by 
doing so improving on an organisation's bottom line by either (or both) increasing customer satisfaction 
or improving the firm's cost structure. 

Furthermore, according to Antony (2004), the objectivity of decision making that is - at least theoretically 
- ensured by Six-Sigma's reliance on the concept of empirical inquiry (refer to subsection 3.3.2 (Guiding 
principle(s) and beliefs)) is one of the aspects that is not accentuated in previous quality initiatives. Yet, the 
latter statement seems to contradict with De Mast (2003), who identified two other statistical 
improvement methods besides Six-Sigma, which should - according to the statistic improvement 
approach class' fundamental principles expounded in subsection 3.3.2 (Guiding principle(s) and belief(s)) - also 
be based on empirical inquiry. On the other hand, De Mast (2004) acknowledges Six-Sigma as the most 
complete statistical improvement method of the three. Furthermore, it could still likely outperform quality 
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performance initiatives that are not related to the approach class of statistical quality improvement with 
respect to obj ectivity. 

In addition, Antony considers the fact that Six-Sigma entails a large collection of well-proven tools and 
techniques to be one of the method's strengths. 

Finally, D e Mast (2006) contends that the application of Six-Sigma adds a whole range of new capabilities 
and skills to an organisation as a result o f the method's reliance on the concept of empirical inquiry. The 
latter author describes these skills as: ''scientific and disciplined problem solving and decision making behaviour, and 
effective distribution ef information over the organisation" (page 463). Raisinghani extends the latter strength 
beyond merely the capabilities of the organisations' employees by stating that ''the success ef this methodology 
within an organisation has significant momentum that can on!J lead to fundamental organisational cultural transformation " 
(page 491). Note, however, that De Mast (2006) also mentions a process of '~mbedding the Six Sigma attitude 
and philosopl!J in the organisation " (page 463), which could be asserted to relate to the statement made by 
Raisinghani. 

In addition to the abovementioned strengths, Six-Sigma is also considered to exhibit certain weaknesses, 
the most important of which are presented below. 

In the first place, a number of weaknesses pertaining to the concept of Six-Sigma, as well as to the way 
that it is commonly applied are described by Goh (2002), a selection of which is provided - point by point 
- below. 

• "relies on the measurable (with a tendenry to avoid the unquantifiable in prqject selection)" (page 407). This 
weakness is confirmed by Antony. 

• "attention paid to repetitive output (with lack ef methodology for innovative or irregular outcomeJ)" (page 407). 

• 'Jocused on error prevention (not gains from creativi!J or imagination)" (page 407). 

• ''studies on!J current, static CTQ (with little reference to varied customer expectations or lifes!Jles; not anticipative ef 
technological, social, or business changes)" (page 407) . 

• ''usual!J based on one CTQ (i.e. single rather than multiple or balanced CTQ in a given project)" (page 407), which 
is supported by Antony, who notes a lack of research on Six-Sigma projects aimed at the optimisation 
of multiple CTQs. 

• "practical!J no emphasis on self/earning or future knowledge acquisition in personnel training" (page 407). This 
seems to somewhat contradict with Antony, who observes a lack of research on the relationship 
between Six-Sigma and learning, which could imply that statements on the latter relationship cannot 
be justifiably made. 

• ''unsuitable far creative or interpretive work (e.g. architettural design; artisticperformance)" (page 407). 

• "not a means to promote intellect, creativi!J, passion, enterprise, or se!frenewal" (page 407). 

• '~mphasizes priorities ef the organisation (versus growth ef people, e.g. talent development or continuous learning on the 
part ef Black Belts and Green Belts; personnel mechanical!J classified in terms ef terminal qualifications)" (page 407). 

• ''tends to be preoccupied with internal objectives (with no reference to social mission or responsibifi!J)" 

Secondly, in relation to the eighth and ninth of the weaknesses that are explicated above, McAdam and 
Lafferty (2004) assert that Six-Sigma's language and rhetoric is that of command and control. According 
to the latter authors the term "Six-Sigma" is symptomatic for the perceived superiority of technical and 
rational knowledge. The resulting dependency of employees on that knowledge is contended to lead to 
hierarchies (through an increased susceptibility to direct orders), and a lack of empowerment. 
Furthermore, Six-Sigma might get an organisation to impose rules on its employees, thereby diminishing 
opportunities for creativity and innovation (refer to the eighth of the weaknesses described above), which 
are considered to be key aspects of empowerment. In addition, Six-Sigma's belt structure is viewed as 
another manifestation of the construct's reliance on control (confer the ninth of the weaknesses described 
above). 
Besides, the case studies that were conducted in the aforementioned article revealed a general lack of 
emphasis on people-related aspects such as empowerment, communication, and reward and recognition in 
the implementation of Six-Sigma. 
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Note that the lack of employee empowerment that McAdam and Lafferty state to accompany Six-Sigma's 
deployment is inconsistent with one of the quality m anagement principles identified in subsection 3.3.2 
(Guidingprimiple(s) and beliif(s)) that Six-Sigma is claimed to inherit. However, the latter authors distinguish 
between mechanised TQM and organic TQM, and argue Six-Sigma to pertain to the former, while the 
people oriented principles are captured by the latter. This might lead one to conclude that m echanised 
TQM and organic T QM should be recognised as two new approach classes. Yet, since these concepts do 
not seem to be widely adopted in literature, the aforementioned issue is not elaborated on further. 

Thirdly, Dahlgaard and D ahlgaard-Park (2006) state that Six-Sigma underemphasises the understanding of 
the human factor in general, i.e. the question of how to develop the company culture that is necessary for 
the m ethod to be successfully implemented. This is supported by Antony, who claims that the relation 
between Six-Sigma and organisational culture is not adequately addressed in literature. Yet, note the 
remark made by Raisinghani, which is included in the description of Six-Sigma's strengths. The latter 
author considers the success of Six-Sigma within an organisation to automatically result in fundamental 
organisational cultural transformation. However this raises the question as to what extent the adoption of 
Six-Sigma requires the organisational culture to exhibit certain properties in order to be successful in the 
first place. As stated before, this issue seems to embody a research gap and is therefore underemphasised 
in the current accounts on the m ethod. 

Furthermore, Antony mentions the significant investments that are required for the institutionalisation of 
Six-Sigma into an organisation. According to this author, the latter could prove an obstacle for the 
adoption of Six-Sigma as a standard method for quality improvement by small and medium-size 
organisations. 

In addition, De Mas t (2003 and 2004) notes that Six-Sigma does not stress the iterative nature o f a quality 
improvement project, but rather presents the method of which it consists as a recipe that guides the 
experimenter to a solution in a straight line. D e Mast (2004) formulates the latter as follows: 'T he suggestion 
is aroused that the experimenter's derisions should be perfect at once, whereas experimenters should be taught a fallible and 
adventurous attitude that is open for new insights" (page 211). Considering this quote, the latter argument could 
be considered to pertain to the creativity related weaknesses that are identified above. 

Finally, D e Mast (2003 and 2004) concludes that the guidance that the Six-Sigma method provides for the 
identification of potential influence factors lacks a clear structure and coherence, meaning that a large 
collection o f tools and techniques are available for performing this step, but they are not placed in a 
strategy or heuristic. 

Section Q4: Conclusions 
As described in chapter 2 (Establishing a basis of comparison) , this chapter is purported as a conclusion to the 
report, and is organised as follows: 
In the first place, a summarisation of the literature review's main findings is provided in section 4.1 (Ma/or 
findings) . 
Secondly, section 4.2 (Future research) identifies a number of directions for potential future research. 
Furthermore, a concise explanation o f the examination's principal limitations is included in section 4.3 
(Limitations). 
Finally, section 4.4 (Learning experience(s)) explicates what I have learned from conducting the literature 
review that is described in this report. 

Subsection Q4.1: Major findings 
As noted in the introduction to this chapter, this section contains the research's main findings, which are 
listed below. 

In the first place, part of the characterisation of the relation between the constructs o f Six-Sigma and 
process simulation appears to be embodied by the level of conceptual dep th that each o f them directly 
pertains to. T he framework that explicates and relates the different degrees of conceptual depth that is 
discussed in chapter 2 (Establishing a basis of comparison) therefore adequately captures the latter element o f 
characterisation, thereby providing a basis for the comparison of the concepts with respect to the contents 
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of the different levels of abstraction that are associated with each. Note that a precondition for the latter 
comparison to make sense is the fact that both hierarchies of approach classes, methods, and tools and 
techniques should share a high-level theme. In this case, that latter theme seems to be appropriately 
defined as business improvement. 

Secondly, the concept of Six-Sigma appears to be uniquely identified by the extent of abstraction of a 
method and the accompanying collection of tools and techniques. The whole of its essence is captured by 
the approach class of statistical quali ty improvement, to which at least two other methods pertain. Yet, 
SLx-Sigma is considered to be the most complete of the three. 
The objective of the Six-Sigma method is to increase quali ty to unprecedented levels, where quality can 
refer to both product and process quality. This is argued to ultimately lead to an improvement of the 
organisation's bottom line results. 
In doing so, the method draws heavily from the concept of empirical inquiry, which means that it is 
focussed on the discovery and empirical verification of causal patterns between influence factors and the 
quality characteristic under study, and that improvement actions are directly derived from these causal 
relations. This reliance on empirical enquiry implies the use of statistics. The objectivity of decision 
making that is - theoretically - ensured by the testing of conjectures against empirical data is commonly 
considered to comprise one of the method's key strengths. 
On the other hand, the method appears to be commonly criticised for its supposed lack of attention for 
people- and organisational culture-related aspects, while these could prove to be decisive for the 
successfulness of the concept's implementation as a standard quality improvement method within an 
organisation. 

Subsection Q4.2: Future research 
The literature review that is described in this report is considered to result in two opportunities for future 
research. 

Firstly, the framework that is discussed in chapter 2 (Establishing a basis of comparison) provides a basis for 
developing a comprehensive description of the construct of process simulation, which could subsequently 
be conveniently compared with the description of the Six-Sigma method that is expounded in chapter 3 
(Six-Sigma). The latter research opportunity can however be considered rather evident, since the literature 
review was explicitly designed to create it (confer section 1.1 (Research areas, research questions and 
deliverables)). 

Furthermore, actually conducting the research concerning the comparison of the two concepts could 
provide a basis to further examine to what extent and (possibly) in which manner Six-Sigma and process 
simulation could be combined. Preliminary indications for the feasibility of a suchlike combination are 
rather strong. Consider, for example, the following statement made by Kettinger, Teng, and Guba, who 
identify process simulation as a technique that is commonly used within BPR (as noted in section 1.1 
(Research areas, research questions and deliverables)): 
"BPR projects rypical/y include attempts to transform the organizational sub.rystems of management (sryle, values, measures), 

people (jobs, skills, culture), information technology, and organizational structures, including team and coordination 
mechanisms. Changes to these sub.rystems are viewed through the ana/ytic lens of the business process (intrafunctional, cross
Jumtional, inter0t:g,anizationa~. The goal of process transformation is improved process products and services measured in 
terms of cost, qualiry, customer sati{faction, or shareholder value" (page 56). 

The abovementioned seems to exhibit a significant overlap with that of Six-Sigma (taking into the account 
the definition of quality that is expounded in subsection 3.3 (Fundamental concept(s)) . Furthermore, both 
appear to share a focus on processes. In addition, the categories of organisational subsystems listed by 
Kettinger, Teng, and Guba, could correspond - to some degree - to the standard categories of influence 
factors that are mentioned by De Mast (2003) in the context of heuristics for the identification of potential 
influence factors (refer to subsection 3.3.4 (Method principle(s)). 

Subsection Q4.3: Limitation(s) 
The literature review's main limitations concern two aspects, which are explicated below. Both are already 
included in preceding sections of this report. 
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In the first place, the relative immaturity of research into the philosophy that underpins Six-Sigma severely 
complicated the exposition of its approach. In order to develop a crystallised, well-founded description of 
the hierarchy of approach classes to which Six-Sigma pertains, a comprehensive examination of a large 
collection of fragments of literature on the latter topic should be conducted, in order to provide 
reconstruction of and thereby possibly synthesis on these fragments. However, a suchlike reconstruction 
does not fit with the intended depth of and available time for the research that resulted in this report. 
Therefore, section 3.3 (Approach) is unavoidably based on scraps of literature that are extracted from a 
collection of articles that is probably too small to be considered fully representative. 

Secondly, the description of the approach classes of quality management and quality improvement 
revealed that a new type of relation between approach classes might need to be introduced into the 
framework that serves as a basis of comparison, in order for both of the aforementioned classes to be 
incorporated. The latter seems to be necessary considering the fact that Six-Sigma is commonly associated 
with both quality management and quality improvement in literature. 

Subsection Q4.4: Leaming experience(s) 
First of all, conducting this literature review has again showed that it is necessary for me to find a way to 
be able to control my rather extreme tendency towards perfectionism , as this always causes m e to want to 
spend more time on things than there is available, which in turn results in a lot of stress and frustration. 

Furthermore, I logically gained additional knowledge on the research's main topics, e.g. Six-Sigma. 

Finally, in my experience, it is very useful to write down directly after reading an article, the manners in 
which this article could contribute to the examination using just a couple of sentences. This facilitates 
maintaining an overview of how the different papers relate to each o ther in the context of the literature 
review. 
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