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ABSTRACT

System Dynamics (SD) is a modelling approach that has been used to support litigation
cases that are investigating overruns on large engineering projects caused by Disruption
and Delay (D&D). However, the role that SD can play in the analysis of D&D in large

projects 1s not fully understood.

The first aim of the research is to explore the appropriateness of SD as a modelling
approach in the analysis of D&D for litigation. Criteria on the suitability of SD to model a
situation are taken from the SD literature and explored to understand their level of
contribution to the research. Experiences from the researcher’s involvement in two
litigation cases are then used to test how empirical data performs against the criteria. The
explorations lead to a revised set of criteria being proposed. These criteria should be used

to assess whether or not SD should be used to analyse D&D for any specific litigation case.

Testing the data against the criteria also results in lessons for the modelling of D&D. This

includes a proposed method of assessing the level of D&D in a project through an analysis

of managerial actions,

The second aim of the research is to explore the issues that are involved in using SD to
analyse D&D for litigation. The approach taken uses the empirical data to test the degree to
which SD can meet the purposes of modelling D&D for litigation. This process leads to a
number of conclusions. It highlights limitations of using SD 1in this environment;
emphasises the importance that the audience plays in the modelling process; explores the

difficulties encountered in gaining audience confidence in the model; provides an

appreciation of the validation process required when modelling in this environment.

The research provides an initial understanding of the role that SD can play in the analysis
of D&D for litigation. It is hoped that this can be built on with future experiences of
modelling D&D for litigation.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

Large projects have been undertaken all over the world for many centuries. For example,
the design and construction of the pyramids in ancient Egypt and the design and
construction of the Scottish Parliament buildings today. The use of projects throughout the
centuries has been to implement change in society. Therefore, if society is to advance
effectively, the successful implementation of projects is crucial. From an individual
organisation’s point of view, the successful implementation of projects is also crucial since
“The pace of change... has been increasing at an ever-faster rate. Effectively and efficiently

managing change efforts is the only way organizations can survive in this modern world”
(Webster 1993, pj).

Although the implementation of successful projects is crucial to both society and the

survival of organisations, many large projects have ended in failure (Morris and Hough
1987, Kharbanda and Pinto 1996). Failure for a project may mean completing the project
late, spending in excess of the budget, the final product not meeting its required
specifications or a cancellation of the project prior to its completion. In particular, cost and
schedule overruns are very common in large projects (Morris and Hough 1987). However,
understanding the reasons for complex projects overrunning in cost and/or schedule is by
no means straightforward, but it is necessary. For organisations to improve in the
implementation of projects, they need to be able to learn from their mistakes. Therefore,
when projects fail, organisations need to gain an understanding of the reasons for the

failure.

When organisations attempt to understand why a project failed, the process may result in
some of the blame being placed on other parties involved in the project. For example, the
project may have been disrupted or delayed due to actions taken by a client or contractor.
As a result of this conclusion, the organisation may attempt to seek compensation for the
outcomes that resulted from the actions by the client or contractor, However, if the client or

contractor 1s not willing to compensate the organisation, the process may result in the

organisation commencing litigation proceedings.



Litigation can be a long process and one where organisations may be requesting millions of
dollars of compensation. The plaintiff will treat the litigation process as a project itself.

Although the investment in the project can be large both in time and in cost, the potential
return on the investment may also be huge. It 1s unlikely that any other project that they
may participate in would have such a large potential return. However, litigation is risky.
The plaintiff may invest a large amount of time and money in the process with no return.
The plaintiff also runs the risk of impacting future business. The defendant, as well as other
organisations, may not wish to do business with the plaintiff in the future since they may be
concerned that any problems in future work will result in the plaintiff litigating against
them. Due to the risks involved, it is vital that the plaintiff has the best possible support for

their case before proceeding with litigation.

To help support claims for compensation, mathematical models have been used in litigation

processes. In particular, computer simulation models have been found to be useful in this

environment. “The advantage of a simulation model is its ability to portray a complicated
situation better than any verbal description could hope to do. A model can disclose
relationships between various events which might not otherwise be apparent. Also, a model
makes it possible to consider all relevant factors simultaneously in the solution of the

problem” (Fleming 1980, p874). For these reasons “... litigants have successfully used the

results of computer simulation as the basis for expert testimony” (Fleming 1980, p874).

When considering simulation modelling approaches, System Dynamics (SD) has been one
approach that has been used in a few litigation cases to explain the reasons for time and
cost overruns on large engineering projects (Cooper 1980, Weil and Etherton 1990,
Ackermann et al 1997). SD is a simulation modelling approach that was specifically
designed to model and explore feedback. SD was introduced as Industrial Dynamics
(Forrester 1961) since its first application was to explore the behaviour of industrial
systems. However, the approach has since become known as SD to reflect the wider

applications of the modelling approach.

The use of SD 1n a litigation environment has been to model the effects of Disruption and
Delay (D&D) (Cooper 1980, Weil and Etherton 1990, Ackermann et al 1997). D&D in a

project can be triggered by a simple delay or disruption. However, the ramifications of

D&D 1n the project can be complex. Therefore, a simple analysis of the direct



consequences of each disruption and each delay will not cover the full impact of D&D. Due

to the complexity of D&D, it becomes difficult to attribute any project outcome directly to
any one disruption or delay. Any approach used to model D&D needs to be able to model

the paths between an initial disruption or delay and the final outcome of that event in terms

of both a schedule and cost overrun.

In each of the litigation cases that SD has been used to model D&D, the SD model has
formed the basis of a claim for compensation for many millions of dollars. The effects of
D&D for each of these cases have been estimated to represent at least 40% of the overall
claim. For any organisation, the gain or loss of millions of dollars in this way represents an
extremely large amount of money. Indeed, it could be a sum of money that either bankrupts
the organisation or, at the other extreme, provides it with its most profitable venture. These
potential outcomes mean that there is a need to ensure that if the SD approach is used to
model the effects of D&D in project overruns, it is done in a way that ensures that the
organisation has the optimum chance of gaining or rebuffing the compensation that is being

sought.

Large projects are important to society. Therefore, projects will keep on occurring in
society. However, if projects keep on overrunning in cost and schedule, organisations will
only be able to survive if they attempt to seek compensation for the losses they incur.
Litigation is therefore going to continue, as other organisations are unlikely to provide the
compensation that an injured organisation is seeking. However, litigation is a risky project
to undertake. Therefore, to ensure the optimum chance of success, organisations need to
fully understand the approaches that are available to support their case. SD is a modelling
approach that has been used to support litigation cases for overruns caused by D&D on
large engineering projects. Therefore, 1f SD is to continue to be used successfully, there is a
need to fully understand the role that it can play in the analysis of D&D in large projects. If
there is a lack of knowledge of the capabilities and the limitations of SD during litigation,
then the modelling approach will not be used in a way that provides optimum support for a
claim. An organisation may therefore suffer through reduced compensation, or a complete
failure to either gain or rebuff compensation. This may then have a detrimental effect on

the survival of the organisation.



Although an understanding of the role that SD can play in the analysis of D&D for

litigation 1s argued to be important, there is nevertheless a lack of literature in this area.

This thesis aims to improve this situation.

1.2 The Aim of the Thesis

The overall aim of the thesis is to explore the role of SD in the analysis of D&D for
litigation. This aim brings together two topics; SD and the modelling of D&D. The thesis
therefore explores both of these topics in an attempt to discover what each topic can inform

us about its use alongside the other topic.

Before SD can be used in the analysis of D&D, a decision has to be made whether or not it

is a suitable approach to use to model D&D for any individual project. Therefore, the first

aim of this thesis is:

— to explore the appropriateness of SD as a modelling approach in the analysis of
D&D for litigation.

The first resource used to investigate this issue 1s the SD literature. This should provide
examples of the types of situations that SD has been used to model in the past. Also, it is
hoped that this will give a general indication of the types of situations where SD should be
used. If criteria can be extracted from the literature on the suitability of SD to model a

situation, then this could be used to assess whether or not SD should be used to model

D&D for any given situation.

Assuming that the SD literature does not banish the use of SD in the analysis of D&D, then

the second aim of this thesis is:

— to explore the issues that are involved in using SD to analyse D&D for litigation.

An exploration of the second topic; the modelling of D&D, can help achieve this second

aim.



It was noted above that to enable SD to support a litigation claim for an overrun project,

there is a need to fully understand the role that SD can play in the analysis of project

overruns. Therefore, throughout the explorations, if any lessons can be gained about the use
of SD in the analysis of D&D, then this would be beneficial. Also, if any knowledge can be
gained separately about either SD or the modelling of D&D, then those people using SD to

analyse D&D would also benefit from an increased understanding of the two topics.

1.3 The Approach used for the Research

1.3.1 Data Opportunities

To aid the explorations undertaken in this thesis, the author draws upon the experiences of
a number of litigation cases. These experiences come from the author’s association with

eight large engineering projects where D&D has been analysed for litigation purposes.
Although all eight projects inform the explorations in this thesis, two of the projects

provide a more detailed input. For these two projects the author has been integrally
involved in the analysis of D&D. This involvement has meant that the author has been able
to gather a large amount of data regarding the analysis of D&D for litigation and hence use

it to help to develop the explorations throughout the thesis.

For both of the litigation cases that the author was integrally involved in, compensation was
being sought for a time and cost overrun that occurred on a large aircraft modification
project. One of the litigation cases involved the main contractor of the project seeking
compensation from the client for the project whilst the other litigation case involved a sub-
contractor seeking compensation from the prime contractor for the project. In both cases
the plaintiff for the litigation case believed that the defendant had caused disruptions and
delays to the project that had contributed to the project overrun. The author was involved in
both of these cases as one of the consultants that the plaintiff hired to analyse the causes
and effects of D&D in the projects. The work that the author was involved in has, so far,
spanned four years, however neither claim has yet been settled. A fuller understanding of

the two projects can be gained in chapter 2 when they are described in detail.



The involvement in the two projects has provided the author with a privileged opportunity,

rarely made available to researchers. The reasons why this opportunity is so rare are as

follows:

Litigation is not a process that is entered into lightly. Although an organisation may
believe that a client or contractor is to blame for a project overrunning in both time and
cost, they need to be sure that they have sufficient evidence to prove their case. The
gathering of this evidence may take a very long time and cost a great deal of money.
For example, the cost of each of the litigation processes for those projects that the
author has been associated with have been in excess of £1m. However, as well as the
direct cost of, for example, lawyers and consultants’ fees, resources within the
organisation are also tied up during the period of litigation. Senior management will
need to spend time directing the claim, whilst at least one member of staff may be tied
up managing the claim. Staff will also be required to manage the gathering of data and
recording of all relevant documentation. Also, those who worked on the project may be
regularly asked to provide witness statements during the litigation process. The use of

all these resources during the litigation process mean that the organisation cannot use

these resources on other projects and therefore other projects may be disrupted.

If one organisation litigates against another organisation, this can have an extremely
detrimental effect on future business between the two organisations. The defendant
may be put off doing future business with the plaintiff since they may be concerned
that they are under threat of litigation if anything goes wrong with future projects.
Other organisations may also be put off doing business with the plaintiff, since by
seeing them go ahead with litigation proceedings on one organisation, they may feel
threatened that the same process may be used in future projects they are involved in
with the plaintiff.

The above highlights the immediate costs associated with litigation as well as the
future costs of potential lost business. Therefore, although many projects can fail, the
number of these projects that actually result in litigation proceedings is far fewer. This

reduced number of potential projects means that there is a lack of projects from which

to gather data.
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— If one organisation does decide to litigate against another organisation, the process 1s
extremely confidential. The plaintiff will want to keep their discussions confidential,
so that the defendant is not made aware of the strategy they decide to adopt during the
litigation process. Also, confidentiality 1s important so that any individuals that are a
part of making any decisions about compensation, for example a judge, or potentially a
jury, are not influenced by any prior knowledge about the project. For these reasons,
any consultants used during the litigation process are required to sign confidentiality

agreements. Therefore, if researchers were to request access to data from a litigation

process, an organisation is likely to be very wary of granting such access.

— As organisations are extremely wary about allowing a researcher access to a litigation
process, the only access that is potentially open to the researcher is through
organisations where the researcher has a long-standing relationship and therefore a

level of trust has built up between the organisation and the researcher. However, this
level of trust may take many years to build. For this reason, immediate access to

organisations for this type of research matenal is generally not possible.

— Due to the importance of a litigation process, 1.e. the potential gain or loss of millions
of dollars and the impact it can have on the future business for the plaintiff, the
plaintiff is likely to want to minimise any potential interference in the process. This
means that they are unlikely to agree to researchers solely being a part of the process
so that they can gather data for research purposes. This may cause some of their staff’s
time being used up answering questions for research purposes, whereas it should be
used to meet important deadlines for the litigation process. This produces a further
hurdle for a researcher to gain access to a litigation process. However, one way of

getting around this hurdle 1s for the researcher to be a part of the litigation process, for
example a consultant to the plaintiff. This means that they can gather data for the dual
purposes of the consultancy work as well as the research. However, opportunities to
get involved 1n a litigation process as a consultant to the plaintiff are not open to every
researcher. A plaintiff will normally seek consultants who have experience in this field

of work. This therefore places even further restrictions on access to researchers.

Each of the above points places restrictions on the number of projects that a researcher can

gain access to if he or she wishes to gather data from projects where D&D has been
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analysed for litigation. Therefore, although fwo projects does not appear many from which
to draw conclusions and hence calls into question the generalisability of the conclusions
from this thesis, the author has actually been provided with a pri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>