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2. Outline of Submission of PhD by published work
‘Enabling the Use of Simulation’

Introduction

Discrete-Event  Simulation (DES) modelling (referred to as simulation in this
submission) can be described as the development and use of a model of a system to
better understand processes enabling evaluation and redesign in order to improve
performance. Thus simulation has the potential to have a significant effect on the
design of organisational systems and their efficiency and effectiveness.

In terms of undertaking simulation most current research concerns technical issues
such as the ability of the simulation software package used or the appropriateness of
any quantitative analysis undertaken during the simulation project. The papers
submitted for the award of PhD by Published Work have sought to assess the use of
DES within a wider perspective of its use in organisational systems in order to address
the challenges stated above. A case study research methodology has been used which
builds on descriptive information and practical experience.

The contribution to knowledge of the submitted papers is to establish how the use of
simulation can be enabled in the organisation. Three themes or enablers of use have
been identified in the submitted papers presented here in the form of research
questions:

(1) How can a process-centred change methodology be used as a framework for
undertaking a simulation study?

(2) How can the qualitative outcomes of simulation be utilised?

(3) How can simulation be combined with other operational research techniques?

It should be noted that in line with the research paradigm these questions are not
designed to find a relationship between variables, so words such as ‘effect’ and
‘influence’ have purposely been avoided. In a phenomenological paradigm the
research questions are simply designed to delineate the focus of the study. Also note
that the study has been delimited in terms of its being about simulation (discrete-event
simulation specifically) and organisations (i.e. simulation is not considered in its role
in modelling natural phenomena such as climate change for example). It should also
be noted that no cross case study analysis has been undertaken in this submission as
the original contribution to knowledge in a PhD by published work is contained
within the published work. What is presented is a summary of the contribution to
knowledge contained within the papers, structured as a coherent body of knowledge
within the research themes presented above.

Simulation Terminology

Simulation in general covers a large area of interest and in order to clarify the
particular area of interest in this report a short explanation is given of common terms
in this area. Simulation can refer to a range of model types from spreadsheet models,
system dynamic simulations and discrete-event simulation. Discrete-Event Simulation
or Simulation Modelling is the subject of the submitted papers. Early simulation
systems generated reports of system performance, but advances in software and




hardware allowed the development of animation capabilities. When combined with
the ability to interact with the model this technique became known as Visual
Interactive  Simulation (VIS). Most simulation modelling software is now
implemented using graphical user interfaces employing objects or icons that are
placed on the screen to produce a model. These are often referred to as Visual
Interactive Modelling (VIM) systems. Finally because of the use of simulation in the
context of business process re-engineering (BPR) and of other process-based change
methods the technique is also referred to as Business Process Simulation (BPS). The
term Business Process Modelling (BPM) is also sometimes used, but this term is
traditionally related to information system development tools. More recently the
termed Business Activity Monitoring (BAM) has been used to refer to the use of
simulation to monitor ongoing organisational performance.

Methodology

This section outlines the multimethodology research paradigm and case study
methodology used within the individual case studies presented in the submitted
papers.

The research paradigm

A phenomenological research paradigm (Moustakas, 1994) is one that is concerned
with the question of how individuals make sense of the world around them and how,
in order to gain access to people’s thinking it is important to interpret their actions and
their social world from their point of view. In Operational Research a
phenomenological research paradigm is associated with what is termed ‘soft’ OR and
is seen as an appropriate approach to understand the organisational context in which
the simulation method has taken place. However DES has been associated with the
other end of the continuum, hard OR, which is associated with a positivistic paradigm.
The terms hard OR and soft OR are briefly described and then the place of DES
within this framework is considered in order to validate the research paradigm used.

Checkland and Howell (2004) outline what they see as the difference between the
hard and soft approaches to OR. Beyond the usual description of hard as being for
well-defined problem situations and soft being for messy problem situations, they see
hard and soft approaches as indicating fundamentally different taken-as-given
assumptions about the nature of social reality. Soft OR is associated with the
phenomenological paradigm in which social reality is seen not as a “thing” but as a
process which is continuously created and recreated in human discourse and action.
Hard OR is associated with a positivist philosophy in which the world can be
objectively investigated empirically, by disinterested observers, to create (rue
knowledge based on empirical data gathered from repeatable experiments.

However, although the hard and soft approaches are fundamentally different
Checkland and Howell (2004) find that they are complementary to each other in that
the hard approach can be viewed as a subset of the soft. The soft position allows the
differences of people’s views to be explored and within that exploration any or all of
the hard framework and techniques can be adopted as a conscious strategy. However
the complementarity is asymmetric, as it is not possible to move from the hard to soft
paradigm as this means abandoning the ontological stance of hard OR and this by

definition puts the user into the soft paradigm.




P.idd (2904:10) consi.ders the practical aspects of hard and soft OR from a number of
viewpoints and Robinson (2001) addresses whether DES should be considered as a
hard or soft approach. He concludes that:

= DES is traditionally viewed as a ‘hard” OR technique

» Techniques are simply the methods used within the context of a wider
methodology and paradigm (Mingers and Brocklesby, 1997)

= Because DES is a technique and not a methodology, it can in fact be used
within a soft or hard paradigm.

= DES modellers should consider using a methodology which incorporates soft
issues.

The paradigmatic approach to the research regarding the use of simulation can now be
explained. As stated earlier DES has been traditionally undertaken using a ‘hard’
paradigm, usually following the steps in a simulation study outlined by authors such
as Law and Kelton (2000) and having a main objective as the estimation of
quantitative performance measures. However the author has supplemented the hard
approach with a soft approach to generate additional outcomes from the simulation
study — for example a stakeholder discussion of the system represented by the
simulation and facilitated by the visual animated display. This can be termed a
multimethodological approach which is defined as the linking of or combining
methods or techniques together in a particular intervention (Munro and Mingers,
2002). Examples of this approach can be found in Clarke and Lehaney (2000),
Mingers (2003), den Hengst et al (2007) and Sachdeva et al (2007). Mingers (2006)
outlines the advantages of multimethodology:

= Adopting only one method often gains only a limited view of a particular
research situation, for example, attending to only that which may be measured
or quantified; or only to individuals’ subjective meanings and thus ignoring
the wider social and political context.

s Research and intervention is not a discrete event but a process that has phases
(or, rather, different types of activities) that will predominate at different
times. Particular methodologies and techniques are more useful for some
functions than others, and so a combination of approaches may be necessary to
provide a more comprehensive outcome.

The research methodology

Although in practice action research and case study research are similar in many of
their procedures (Collis and Hussey, 2003) and both are associated with the same
research paradigm of phenomenology, the author maintains that in the individual
submissions the research methodology is case study. This is because the purposes of
the intervention from the client perspective was to provide data from the simulation
for an organisational decision and was not concerned with the author’s research
interest in enablers of simulation use. Thus there is a separation between the outcome
of the consultancy and the outcome of the research analysis. Action research is
associated with the mutual control by the researcher and client of the research and
analysis of results. In addition the final action plan to be implemented is usuglly the
client’s responsibility, supported by the researcher and the research report is often




published jointly by the researcher and client (Collis and Hussey, 2003). Bryman and
Bell (2003) state that although there is no single type of action research it can be
broadly defined as an approach in which the action researcher and a client collaborate

in the diagnosis of a problem and in the development of a solution based on the
diagnosis.

In choosing a case study methodology the author of this report is aware that other
researchers may feel this approach is not ‘proper’ research or that nothing of value
can be derived from a single case study. Yin (2003) states the following:

‘The case study has been (and continues to be) stereotyped as a weak sibling among
social science methods. Investigators who do case studies are regarded as having
downgraded their academic disciplines. Case studies have similarly been denigrated
as having insufficient precision (i.e., quantification), objectivity, or rigor. This
stereotype of case studies that began in the 20" century continues into the 21
century...’

Yin (2003) offers the following advice for researchers:

‘Do case studies, but do them with the understanding that your methods will be
challenged from rational (and irrational) perspectives and that the insights resulting
from your case studies may be underappreciated.’

Gummeson (2000) states that case study research has the advantage of providing an
holistic view of a process. According to a holistic view the whole is not identical to
the sum of its parts and so the whole can only be understood by treating it as the
central object of study. Also case studies are of particular value in applied social
sciences where research often aims to provide practitioners with tools.

In the submitted papers the author believes the case study research methodology fits
with the stated research paradigm, relates to the form of the research questions
presented, does not require control of behavioural events and does focus on
contemporary events. The data are collected primarily by participant observation
(Yin, 2003) and are of a qualitative nature, but a questionnaire survey eliciting
quantitative and qualitative data is conducted within one paper (paper 10) in order to
elicit the view of stakeholders regarding the business problem under investigation.
The author also maintains that a case study approach is an ideal mechanism for
enabling the views of the people actually involved in the process to be gathered and
used in the analysis.

Generalisability

In terms of generalising case study research Gummeson (2000) draws a distinction
between quantitative studies based on a large number of observations that are required
to determine how much, how often, and how many and in-depth studies based on
exhaustive investigations and analyses to identify certain phenomena that may also
exist in other cases. Ritchie and Lewis (2003) state that the generalisation of
qualitative data is very different from quantitative data. Qualitative data cannot be
generalised on a statistical basis, but it is the content or ‘map’ of the range of views,
experiences, outcomes or other phenomena under study, and the factors and
circumstances that shape and influence them, that can be inferred to the researched




population. *Although individual variants of circumstances, viewed or experiences
would undoubtedly be found within the parent population, it is at the level of

categories, concepts and explanation that generalisation can take place’ (Ritchie and
Lewis, 2003).

In this submission the use of a phenomenological research paradigm means that
generalisability should not be considered in the same way as for a statistical survey
results. In other words, research outcomes can be derived from a single case study,
although not the context-free generalisations associated with a positivistic paradigm.

Epistemological Assumptions

In order to elucidate the epistemology assumptions behind the phenomenological
approach adopted in the papers and to provide a reflective perspective some
background is provided about the author and the role of the author within the studies.

The author has been involved in the use of simulation for 19 years, first becoming
involved in the application of SIMAN/CINEMA simulation systems at the Business
Modelling research centre at the University of Derby in 1988. As head of the centre
the author was involved in implementing discrete-event simulation for a number of
industrial clients and became passionate about the use of simulation in organisations.
He was involved in many research activities, including the sole programming of a
complete graphical discrete-event simulation software package in the programming
language Pascal containing over 25,000 lines of code! Over the years the author has
become more interested in enabling greater simulation use which in his view presents
an important and difficult aspect of simulation research, not discounting the
contribution of technical developments in simulation software.

The author’s interest in the lack of use of simulation and thus how use could be
enabled was triggered in part by the first major survey of simulation use in the UK by
the Simulation Study Group in 1991 (Simulation Study Group, 1991), the results of
which can also be found in Hollocks (1992). This found that awareness of the
technique in manufacturing industry was very low and some £300 million of benefits
were being missed. The survey revealed only 11% of UK manufacturers using
simulation as a decision support tool. Other than awareness, the principal obstacles to
wider use were found to be lack of skills or training, difficulties in data acquisition,
the time taken to build the model and a lack of management commitment. The
ESPRIT working group on Simulation in Europe (SiE) stated that this general picture
of proliferation was reflected across Europe (Kerckhoffs et al, 1995). Hollocks (2001)
maintained that there has been no evidence to indicate any material shift in the level
of simulation use in UK manufacturing since the original survey and repeated this
assertion in 2006 (Hollocks, 2006). Melao and Pidd (2003) conducted a survey among
potential business process simulation (BPS) users. This survey also revealed a low
usage of business process simulation in the design, modification and improvement of

business processes.

The development of a methodological stance to simulation studies can be seen as an
outcome of the experience of the author over time as his deep involvement in the
research process and interaction with other participants. This led to a feeling that the
‘traditional’ methodological approach to simulation as a fixed number of steps
(method) leading to quantitative outcomes was not generating the full benefits of the
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technique. There was also a feeling that the objective approach of ‘hard” OR was not
incorporating the different perspectives of the stakeholders involved in the simulation
project. This developed into a change in stance from a hard to a multimethodological
paradigmatic approach where hard issues where seen as a subset of soft issues
concerning the organisational social context. This probably also reflected increased
confidence of the author, developed from experience, in initiating ‘soft’ analysis, such
as discussion events, in addition to the traditional simulation activities such as model
building. Munro and Mingers (2002) discuss how the hard and soft methodologies do
require different skills and orientations from their practitioners, with in particular
people skills being required for soft methods. These people skills were developed
through the interaction at a simulation project level in terms of meeting clients and
personnel. Pidd (2004) identifies the technical skills required to undertake the
simulation project, while softer and organisational skills are required to perform the
simulation problem. This report looks at the author’s attempt to apply soft skills to the
simulation problem as well as the simulation project.

The Submission

In a PhD by Published work the contribution to knowledge must by definition be
contained within the published work as no new work is presented in the
accompanying documentation. Thus the importance of the rigour of the research
contained within the papers submitted. The papers submitted are the results of 8 years
(1998 to 2006) of exhaustive work by the author and hopefully demonstrate a
capability to conduct research by the fact that they have been published in academic
journals of high standing.

This section represents the contribution to knowledge of the papers as a coherent body
of work and is structured around the research questions stated in section 1 of this
report. Although the papers are discussed within the research question that best fits
their outcomes, a particular paper may cover more than one research question within
its analysis.

Research Question I - How can a process-centred change methodology be used as a
framework for undertaking a simulation study?

Paper 1 addresses research question 1 by relating the use of simulation to the main
stages of the Business Process Reengineering (BPR) methodology (see table 1 in
paper 1). It also outlines the outcomes of a simulation study that are relevant to a
process-centred change methodology, namely ability to measure performance, ability
to try alternatives and ability to communicate processes. The paper provides an
original contribution to knowledge in showing the relevance of simulation in a
service-based process change environment and this helps enable its use in this context.

Paper 2 relates Business Process Simulation (BPS), using the Aguilar et al (1999)
framework, to a process-centred management approach to change in order to help
enable the tool in these initiatives. Providing case study evidence of the usefulness of
simulation in this context helps establish the contribution to knowledge. In order to
develop the analysis of the links between BPS and BPR the benefits and limitations of
BPS for BPR are discussed. The main benefits of BPS are its ability to provide a
dynamic picture of process execution over time which is not provided by the
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traditional static flowchart methods used in this context. In addition the qualitative
outcomes of simulation, in particular the ability of the simulation animation display to
provide a forum for communication is discussed. It is also important to identify any
limitations of using simulation in this context to ensure users do not abandon the
technique due to unrealistic expectations. Limitations discussed in the paper include
the difficult of introducing a simulation capability in the organisation, a possibility of
over-analysis using simulation, the need to generate new process designs (the
simulation will not do this) and the difficulty of model validation of unstable systems
sometimes found in organisations. Finally the contribution of BPR to BPS are
discussed. BPR can potentially provide assistance to the use of simulation in the
organisation by providing a framework for implementation and providing a
methodology that incorporates the assessment of human factors and the organisational
context within which the simulation study takes place.

Paper 3 shows how a particular aspect of the Police case was the use of a
methodology for process improvement developed by the author and Police personnel.
The methodology is presented based on a study of process change with the Human
Resources division of a police force. Simulation was not used in this case, but
indicated as a potentially useful tool in the redesign stage to explore ESIA (Eliminate,
Simplify, Integrate, Automate) areas for redesign.

Paper 4 provides further case-based evidence regarding the relationship between
simulation and a process-based approach to change. The paper uses a case study
regarding the implementation of an information system for road traffic accident
reporting in a UK police force. The ability of simulation to proof new designs was
seen as particularly important in a government agency where past failures of
information technology investments had contributed to a risk averse approach to their
implementation. Thus the traditional use of simulation to reduce risk in major
investment projects can now also be related to the reduction of risk due to uncertainty
in implementation, which considerably widens it potential usage. Thus, through the
dissemination of a practical implementation of an original process change
methodology and the stated potential of simulation to assist in its implementation, an
original and significant contribution to knowledge has been made.

Research Question 2 - How can the qualilative outcomes of simulation be recognised?

Paper 5 reports that an assessment of the use of simulation should incorporate factors
such as the potential of using the model building process to gain understanding of a
system and the use of animation to communicate ideas.

Paper 6 shows how simulation animation facilities are particularly useful in
communicating the operation of dynamic and interacting systems such as
transportation facilities. In this case study a novel use of simulation was to show
capability to a third-party client in meeting service level targets for the operation of a
train maintenance depot.

Research Question 3 - How can simulation be combined with other operational

research techniques?




Paper 7 demonstrates by case study methodology the use of simulation in combination
with the technique of Activity Based Costing (ABC). The case study is of a police
custody operation which has been operated on an overall budget with annual
adjustments for inflation. ABC analysis was to be used to identify the sources of cost
and thus provide information in order to improve the management of the operation.
When using ABC cost is calculated by multiplying how many times an activity occurs
(activity driver) by how much resource the activity uses (cost driver) by the cost of the
resource used (resource driver). What simulation can do is generate occurrences of an
activity over time (in response to customer arrivals for example), but also defines
when these activities occur. This is important because it is not just the number of
times an activity occurs that affects cost, but when it occurs. The timing of events can
effect how much resource and the cost of the resources needed to execute them. Thus
a contribution to knowledge is made by showing how ABC provides a framework for
identifying the parameters of cost and simulation provides a technique for the
dynamic calculation of cost over time.

The ABC model is developed in paper 8 in order to undertake scenario analysis. By
using the simulation to identify the cost of activities, in this case arrests, the effect of
changes in the ‘product mix’ could be estimated. The case study provides an example
of a scenario of ‘late drinking’ in which a new arrest pattern scenario is simulated and
subsequent costs are calculated. Simulation is thus shown as a powerful tool in which
the consequences of policy decisions (which may be instigated from outside agencies
such as the government) can be estimated in terms of cost and thus assists in requests
for additional funds to execute these policies. Thus a contribution to knowledge is
made in demonstrating a novel use of simulation in combination with another OR
technique in order to enable further use.

Paper 9 shows mutually supporting ways in which simulation and the technique of
Data Envelopment Analysis (DEA) can be undertaken. A significant contribution to
knowledge is made in this paper by the presentation of a 3 stage model outlining the
way in which DEA and simulation can be used in combination to analyse data sets.
This includes generating data sets for the DEA analysis from the simulation of
scenarios, providing a sensitivity analysis of the benchmark unit performance,
comparing the performance of the current unit with the current design and the
benchmark design. This model thus helps operationalise the DEA analysis and
provide a role for simulation in the use of the increasingly popular DEA technique
and thus enables simulation use.

Paper 10 provides an original contribution in the form of a case study of the use of
simulation in conjunction with the technique of system dynamics. It is shown that the
system dynamics approach is particularly appropriate in analysing factors impacting
on the organisational context of a simulation study and thus could be used to
maximise the benefits of simulation. The paper recognises that the DES technique
may not always be appropriate to analyse the organisational context and shows how
the technique of system dynamics can be a useful addition to the toolkit of DES
practitioners. This helps enable the use of DES by showing how its ‘hard” outcomes
can be supplemented by a more ‘soft’ technique providing a more complete analysis
of the problem.




Summary

The papers above provide a consistent approach to the significant challenge of
enabling the use of simulation across and within organisations. A novel approach is
taken in that organisational, rather than technical, issues are examined and the papers
provide a significant contribution to knowledge in showing how attention to these
issues can improve the relevance and usefulness of simulation and thus enable its use.
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