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ABSTRACT

he research focused using System Dynamics to model and simulate an
Tengineering project with the main aim of understanding:
e Why change orders are notorious for negatively impacting on project
execution;
e The root cause(s) of the behavior in order to find ways to better manage
change orders 1n future projects;

The research was carried out at a leading KZN-based engineering consultancy
using data from a recently completed project as a basis for the model. The
research took the following approach and sequence:

Introduction: In this section I present the dominant school of thought, the
reductionist scientific perspective and its strengths. I then highlight the weakness
of the school and present systems thinking as an alternative way of viewing life
1ssues. I then propose system dynamics as one of the better methodologies that
can help us understand a dynamic and non-linear system.

Literature Survey: In this section I review literature on project management with
the primary aim of highlighting that projects, regardless of size, are complex non-
linear systems. I then cover literature on system dynamics with the aim of
justifying my perspective, that it 1S suitable for application in the project
management context.

Research Methodology and Results Analysis: This section presents the
methodology I followed in executing the research. The research process started
off with extensive data reviewing from a recently completed project. It also
covered conversations with the research participants in order to help me fully
understand the project that was to be modelled. The data reviewing and
Interviews culminated in a group model building exercise where a number of
“what if” scenarios were explored and discussed with the participants. The
final stage of the research was to get the participants to respond to a post-
modelling questionnaire. The outcomes from these processes were then used to
answer the original research questions and to draw any additional insights.

The resultant model can now be used as a learning tool for teaching clients of the
unintended consequences that can result from issuing change orders.
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Conclusion: I then close off the research by concluding that change orders do
have a non-linear impact on project execution and they require careful
management. I then suggest that the best way to manage this 1s by educating all
the project participants, especially the client of how their well meaning requests
can be detrimental to the project if not well managed.

Additionally it was surprising to all participants that for some reason, exploration
of change orders that are not approved is rarely ever charged for. This “work
for no pay’ can negatively impact on the financial situation of the service
provider which may have a knock-on effect to other areas of the project.

Value: This research eventually revealed itself to be about learning to effectively
lead a group modeling exercise and what pitfalls to look out for when creating
models. There is great value for people interested in finding progressive and well
informed ways for model building and managing change orders in projects.

This system dynamics in project management research is grounded on the
concepts of the learning organization and systems thinking as the core drivers.
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DEFINITION OF TERMS

he following terms and definitions are important to understanding the

paradigm from which the research is being undertaken. Some definitions

here are not complete but are sufficient for the purpose of meaningfully
engaging this research:

System: A group of things, pieces of equipment, etc. that are connected or
working together.

Change Order/ Variation Order: This 1S a client request in a project management
environment that adds to the workload of some or all of the service providers. It
may have cost or time impact on the overall project.
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Chapter 1 Introduction

1.1 Overview

n this chapter I will present the background of this research endeavor. I will

commence by discussing my worldview, the scientific method and its shortfalls

in helping humanity understand and address complex systems. I will then
discuss complexity science and systems thinking, which I will argue pick up the
pieces when the scientific approach begins to fail. This will be followed by a
discussion on bounded rationality and how it explains human behavior when
dealing with complex systems. I will show a clear link that justifies the need for
this research endeavor, clearly arguing that all these concepts (the scientific
approach, systems thinking and complexity science and bounded rationality) are all
Interconnected.

This chapter will culminate 1n the presentation of the research aims, questions and
propositions.

1.2 My Perspective

t 1s important to acknowledge that I have chosen to take a systems view of the
world and this will be revealed during this research.

Systems thinking 1s a term that has become generic and 1s now used and understood
to loosely mean thinking about problems in a systemic way. The term covers all
systems based methodologies; including Complex Adaptive Systems (CAS), Soft
Systems Methodology (SSM), System Dynamics, Viable System Model (VSM) etc.
and the common theme as will be shown later in this chapter; 1s the holistic
approach to addressing issues. The use of the term has taken a fad-like form.
People who do not truly know or understand what 1t means to be a systems thinker
usually use it rhetorically, especially when positioning themselves as deep and
reflective experts who have covered all the bases in addressing a problem.

All the systems methodologies are rooted on the belief that all system variables
have feedback relationships. This 1s the reason that diagramming techniques used to
enhance the analyses and understanding of a problem situation, are circular and try
to capture the influence and feedback relationships. The most common tools are
Causal Loop Diagrams and the related Influence Diagrams. While these tools do
enhance understanding as they explicitly factor in the feedback relationships, they
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are not sufficient to infer the dynamic effect of the causes. In drawing the causal
diagrams, we also assume that we know the causal direction between the variables
which I will be arguing is not exactly true. This misallocation of cause and effect
usually leads to the misdiagnosis of systems.

Obviously hand drawn sketches have a limited potential in revealing the feedback
dynamics that exist within a system. System dynamics goes a step further by taking
the causal relationships and exploring their dynamic interplay on the system. It does
this by harnessing the power of computer simulation. From the simulation one 1s
able to witness a system wide 1mpact of changing the variables. Unlike static
analysis tools, more than one variable can be altered if there 1s a need.

This distinction makes systems thinking the gateway to the advanced, more focused
and more rigorous world of system dynamics. The other systems thinking tools are
good for the holistic general understanding of problems but where the dynamics of
the system have to be understood, system dynamics is a much more suitable
method 1in my opinion.

I will attempt to show during this research that dynamic simulation is one of the
better ways we can better understand complex systems and alter mental models.

1.3 Limitations of Mental Models

uman beings use mental models to make sense of the world. Mental

models are our mental creations of how things work or how they should

work. They are a selective abstraction of reality (Richmond; 2005: 4).

Quite often our mental models are inaccurate, incomplete, and messy and
represent a static perspective of reality (Forrester 1995: 4 and Sterman 2011: 2).
The reason we are generally not aware of the incorrectness of our mental models 1s
that we do not know that they exist. Additionally the flawed models are generally
sufficient for us to keep going on with our daily activities. People unconsciously
alter their mental models as they get exposed to new information and experiences
(Forrester 1995: 4) and learn from them.

The danger of mental models 1s that people with two different mental models can
engage each other and agree on issues without knowing that their perspectives
differ fundamentally. This can be the source of disagreement and even litigation at
a later stage as their mental models become clearer and found to be in contrast to
each other. There are many methods that can assist us in exposing and questioning
our mental models so that when we engage each other while aware of each
other’ s underlying assumptions about the issue we are dealing with. The best
method for altering mental models 1s real life experience which fosters deep
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learning to the participants. However, even with real life experiences sometimes the
human mind refuses to learn. Next to real life experience based learning is learning
by experimentation. Experimentation provides a safe controlled learning
environment however some systems do not afford us the opportunity to experiment
in order to facilitate learning and we have to find alternate ways to learn. The
limiting factors could be things such as costs, which can be financial or otherwise.

Learning aids such as metaphors and simulation can play a major role in bridging
the gap between real life learning and ones preparedness to deal with real life
1ssues. The power of these learning methods lies in that they prepare us and allow
us to see the effects of our decision without incurring real life costs. They prime us
so that we know how to react when we encounter a situation in real life. Metaphors
allow us to use familiar situations to make sense of unfamiliar ones. With good
metaphors, system surprises do not come totally unexpected. Lyon (2000: 137)
says:

“-- definition of metaphor be that it is a figure of speech in which a word is
directly applied to a thing:-- to which it is not literally, but imaginatively
applicable.”

With metaphors new cognitive structures are developed from existing ones in order
to facilitate learning (Hsu; 2005: 772).

This research will primarily focus on using simulation to create a deep learning
environment aided by metaphors. The simulation and the learning will be based in a
project management environment and will help the participants visualize the effects
of a constantly reoccurring problem in projects.

1.4 Connecting the Dots

uite often people have what they describe as life changing experiences. What

this means 1s that people have mental models changing experiences which

can suddenly alter ones values, priorities and behavior. Questioning and
constantly challenging ones mental models 1s good way of engendering a culture of
continuous learning and adaptability.

Adaptation 1s necessary in fast paced environments if you want to increase chances
of long term survival. For organizations, adapting faster than your competitors
increases the chances of long term survival and profitability. It can give one’ s
organization a competitive edge over other organizations within the same industry.
The ability to maintain both efficiency and flexibility are major challenges for
organizations (Lant & Mazia; 1992: 47). Hsu (2005: 773) says that there 1s a school
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of thought that says there is a correlation between highly developed mental
representations and sophisticated performance.

Sometimes when we go through a mental model changing event or process we find
that all the things that lead us there have always been known to us but we never
made a link between the processes. Gibbs et al (2004: 1190) say that sometimes
metaphors do not create new mental models but they reveal pre-existing ones that
are primary to our experience. This 1s what I call intuitive knowledge which 1s not
always useful if the person is not aware of his thoughts and abilities. It 1s important
to move people from intuitively knowing to consciously knowing.

Repeated learning of a skill frees the brain to focus on other aspects of a system
(Billett; 2002: 461). Conscious knowledge 1s good in that it improves the chances
that the person will act optimally most of the time. Making the link and connecting
the dots i1s a necessary process and it is this process that allows us to think
systemically and to see the bigger picture which is in line with Richmond’ s 10000
meter thinking (2005: 11). When one goes through the process of connecting the
dots it feels like a transparent vet blinding layer has been removed from one’ s
eyes. I call it transparent because usually it is things you always knew that suddenly
give rise to a new level of awareness. Hsu (2005: 771) says metaphors highlight the
rules from the source content and assist us to understand the rules of the new
domain, from this process we alter or create new mental models by inference.

System dynamics modelling and simulation and the whole process of building the
model 18 equivalent to a process of connecting the dots. This means that sometimes,
even before the model 1s simulated, one may have already gone through the deep
learning process and made a connection of variables that previously seemed
unrelated.

1.5 The Nature of Issues

mongst many things that make living engaging and worthwhile for all

living beings 1s the ability to make decisions. Making decisions that seem

meaningful reaffirms our sense of self. This sense 1s amplified multi-fold if
others also perceive our decision choices as meaningful.

Jackson (1994: 214); under his Critical Systems Thinking meta-methodology;
creates a simple problem situating diagram, as shown in Fgure /. By understanding
where within this diagram a problem situation falls we are able to choose the most
suitable systems thinking based decision support method. However this diagram not
only helps us in identifying a suitable method, it also easily helps us understand the
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basic nature of problems that we deal with on a daily basis, even for those people
who reject the systems thinking perspective.
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Fioure [: The Decision Situating Method
Source: Jackson (1994: 214)

The machine metaphor, so commonly used in organizations, implicitly assumes that
all problems are simple and unitary. Where there 1s a realization that they are not
50, it reduces them to this form by taking the “all things being equal”  stance that
1S so common In many economic and engineering models. These models were
developed using the scientific method, as used in contemporary language.
Deterministic solutions simplify problems to the point of them being “devoid of
practical interest” (Forrester; 1964: 3).

In this chapter I propose that today more than ever we are faced with problems of
increasing complexity (Vertical Axis). I also propose that because of the many sub-
systems; religion, race, cliques, organizations etc; we are constantly moving away
from unitary goals and more towards pluralist and conflicting ones.

Past solutions and systems were designed by people assuming or adopting a
simplistic and unitary worldview. Gustavsen (2008: 433) notes that:

“-- there is a one-way process from theory to practice has been under dispute
for as long as efforts to catch the salient features of the world in theoretical terms
have existed,”

Even though we have had a feeling that the way of thinking about these solutions 1s
msufficient and incomplete for the 1ssues being dealt with, the pace of development
and adoption of newer and better suited methods has been very slow. This adoption
rate has been further hindered by the now realized failure of many management
fads that crept up during the last two decades of the 20th century. These fads have
implicitly assumed that in principle the world 1s the same and management theories
only require tweaking to suit the limited changes. Throughout this research I will be
presenting a view that systems thinking based decision methods are better suited for
a world of complex and diverging views.
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In the next section I will discuss the scientific method in its commonly perceived
form; the positivists view.

1.6 The Scientific Way of Knowing

he scientific method, also referred to as the scientific approach 1s a method

of enquiry used in analyses of physical systems that seeks to be objective

and repeatable. It seeks to provide knowledge that 1s reliable and robust.
Schiffer (2005: 351) describes the scientific method as:

“activity of the mind investigating reality with logical rigour and objective
observation.”

Scientific discoveries are peer reviewed and are only considered valid once they
have passed certain tests. It then may be confidently used by others in daily life
without the need to query it.

The method 1s based on the appreciation that human beings have biases that may
sometimes cloud their judgments or may lead some to actively falsify results for
specific gain or to advance a specific point of view. Maitlis and Ozcelik (2004:
375) concur that organizations (and other social systems) are emotionally charged
systems. This effectively acknowledges that emotions affect daily decisions.
Repeatability and full disclosure are important characteristics of the method as they
allow others to interrogate claims and results thereby providing the opportunity to
reinforce ones results.

The method represents a thorough act of thought in a particular field of interest.
The scientific method 1s the primary reason for human technological advancement
as we know it. It has also lead to many accidental discoveries. The method is
disciplined and this has allowed scientists to observe anomalies in experiments. If
the anomaly 18 found to be persistent in subsequent experiments, then scientists
seek to find logical explanations. The anomaly then usually becomes the source of
new knowledge.

Trevors (2010: 1) acknowledges that:

“+- sometimes immense discoveries are forthcoming when one is diverted from
original experiments.”

As 1s shown 1n Figure 2, only with a disciplined and systematic approach that is
repeatable, can we repeatedly explore these anomalies that live to become
discoveries and inventions. The method requires environments that are reasonably
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static so that one is able to observe one variable of interest without worrying about
the others changing during the course of the experiment. These environments allow
for repeatability. However, the method is not perfect (Trevors; 2010: 1).

Hypotheses
Induction
, Deduction
Test of Predictions redictions

Observation by Experiment-Resources.cam

Froure 2: The Circular Nature of the Scientific Approach
Source: htt://www.experiment-resources.com/what-is-the-scientitic-method. html
[Accessed 1502/2011]

Unfortunately in life, today more than any other time, a large number of systems
are not static. The changes are rapid, unpredictable and ambiguous (Heylighen,
1991: 39; Henderson, 2007: 132; Hwang, 1998: 338; Feurer & Chaharbaghi,
1995:67; Panagiotou, 2008: 554); and they expose the scientific body of knowledge
as insufficient and a failure in such systems.

I use the word “fail” cautiously, because this failure is actually the source of
discovery of the new anomaly. The failure firstly forces us to accept that a
deterministic one-size-fits-all approach 1s not sufficient in most complex systems
and secondly we must apply our minds more when engaging complex systems. It 1S
1mportant to stress here that I am not saying that reductionism and determinism are
mvalid; I am saying they are not sufficient. Mathematical models, which are results
of the scientific approach, fall short of being able to find best solutions when
addressing management models (Forrester; 1964: 3).

The critics of the scientific method usually think that those who advocate the
scientific method are of the opinion that all systems are static and deterministic. I
would argue that this 1s wrong because many scholars including von Foerster (a
Physicist); Forrester (an Electrical Engineer); Sterman (an Electrical Engineer) and
Checkland (a Chemist); have shown a profound appreciation of the scientific
approach and have used it to develop non- Newtonian and non-linear theories
which form the basis of complexity sciences.

Taleb (2007: 72) says:

“Clearly, to a scientist, science lies in the rigor of the intluence, not in random
references to such grandiose concepts as general relativity or quantum
indeterminacy.”
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A large number of people are blind to the fact that it is people who fully subscribe
to the scientific method who formalized the understanding of the non-linearity that
occurs in many systems, especially social systems. At the point of discovery, the
non-linearity was an anomaly. It was the analysis and observation under the
scientific methods with rigor that lead to the development of complexity sciences.
By the term  “complexity sciences” [ also mean cybernetics, systems thinking,
complex adaptive systems (CAS) and chaos theory.

I acknowledge that these sciences have many differences, but in my opinion they
fundamentally have more in common than they do not. The common thread of
these sciences 1s that non-linear systems exhibit emergent behavior and are non-
trivial. Another important point that we should bear in mind 1s that science and the
scientific method are not an exclusive domain for people with science degrees.

My proposition here 1s that science 1S an auditable and rigorous way of knowing,
not a body of knowledge. Taleb (2007: 72) summarizes this and asserts:

“Such rigor can be spelled out in plain English. Science is rigor; it can be
identified in the simplest of prose writing.”

Being scientific i1s about being systematic, reflective, observant, questioning,
creative and willing to take risks. Systematic means using “an ordered, step-by-
step and methodical approach”  (Stowell; 2009: 880). The scientific method only
helps us to be systematic in our approach so that we are at least able to replicate
accidental discoveries. By encouraging peer review and documentation, it also
helps us avoid reinventing the wheel by rediscovering the same things that have
already been discovered by others. Scientific papers announce the discovery
(Grinnell; 1999: 487).

Walters and Williams (2003: 71) argue that we should view modernism and post-
modernism as cumulative modes of organization not as oppositional and therefore
take the best lessons from each perspective.

I have just argued the basic nature of the scientific method and how it led to the
discovery and development of complexity sciences. The true strength of the
scientific method lies in being able to take lessons from the experiments and bring
them to add value in the real world. In the next section I will discuss complexity
sciences; 1mplicitly focusing on socio and techno-social systems; and show how
they are helping our understanding of the real world.



Chapter 1 Introduction

1.7 The Complex Systems Anomaly

ust as I argued that science based management theories are insufficient, there

has been a need for a paradigm change in management for quite some time

(Espinosa; 2007: 333). In this section and throughout the research I will be
taking a stance that systems thinking is the best gateway to helping us understand
and make sense of the world we inhabit. Systems thinking is a perspective we adopt
in order to make sense of the world (Stowell; 2009: 879). While the scientific
method 1S systematic, the systems approach 1s systemic. This means it takes a
holistic approach to problem solving (Stowell; 2009: 880)

Dodder and Dare (2000: 2) say:

“One 1mportant emphasis with CAS is on crossing of traditional disciplinary
boundaries. CAS provides an alternative to the linear, reductionist thinking that
has ruled scientific thought since the time of Newton. The new discipline has
been distinguished by extensive use of computer simulation as a research tool.”

As T have already stated, in all complexity sciences there 1s common thread of
systems appreciation. In this thread we acknowledge and appreciate that life is
made of interconnected entities that interact to form or create unexpected results.
This 1s commonly referred to as emergent behavior. The interaction and
relationships of the entities 1s localized but have a system-wide impact. The overall
system behavior cannot be inferred from the analysis of the entities individually. To
make any sense of the system, it must be observed holistically.

Complexity describes the rich interactions of the system’ s entities that on
superficial analysis may seem chaotic and without pattern, but in the long term
reveals that there 1s an underlying pattern in the system and actions are not random.
In these environments, the observer is part of the system.

Letiche (2000: 545) describes complexity theory as a collective of new anti
mechanistic metaphors stressing process and emergence. Clemson (1988: 585) says
cybernetics 1s:

“-concerned with the general patterns, laws and principles of behavior that
characterize complex and dynamic systems.”

Analyses of systems, regardless of nature, reveal that there are common features
present in all viable systems, these are:

o Sensitive Dependence to Initial Conditions: This feature highlights the fact
that the system has a “memory’ of previous events and these will
influence how the system reacts to future inputs. The dependence 1s

10
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amplified for critical and life changing events and these are the ones the
system and or its agents will recognize first. The system may then move to
prevent them from reoccurring or catalyze their occurrence if the system
thinks they will have a desirable impact. So history will decide whether we
have a reinforcing or a balancing loop.

Interconnectedness: System agents have localized interactions but the
resultant impact of these interactions is felt by and influences distant agents
in the system. The example of this 1s the 11 March 2011 Tsunami in Japan,
whose impact 1s being felt by world financial markets and has triggered an
International panic on nuclear power stations. Some automotive companies
in the United States of America have closed some factories because they do
not have parts that are normally supplied by their Japanese counterparts.

Multi / Inter-disciplinarity: The agents of the system are autonomous and
have varying skills, objectives and desires. As they interact their divergent
goals 1nadvertently serve to keep the system stable. The system also faces
various challenges and there must be an agent that has the ability to deal
with that particular challenge for the system to remain viable. If there 1s
none, some of the agents will alter their behavior, gaining a new focus or
discipline that once gain alters the systems behavior resulting in perpetual
self-organization for as long as the system keep adapting and learning.
Ashby (1957: 206) refers to this as requisite variety. Heylighen (1991: 75)
concurs by saying:

“---g large variety of actions is more adaptive than a small one.”

Emergence and Holism: Emergence refers to the resultant behavior of the
system that may not be inferred by reductionist analysis of the parts or
agents. In order to understand the system it must be viewed and analyzed
holistically. Only a big picture perspective will suffice in analyzing these
systems. Skimming through the literature on systems thinking there is a
perception that emergence cannot be predicted. I argue, however, that 1s an
Inaccurate perception because with simulation models that sufficiently
factor 1n the dynamic relationships we can predict emergent behavior.

Non-linearity: Heylighen (2008: 5) says:

“Ho wever, while negative feedback makes a system more predictable, it also
makes 1t less controllable: 1f we try to change the state of such a system, we may
find that our changes are counteracted and whatever we do the system always
returns to its own  “preferred” equilibrium state.”

The relationship between cause and effect 1s not always directly
proportional. A minor adjustment or action may have big unexpected and
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disproportional consequences and conversely big efforts may have little or
no impact on the system. This characteristic links to the sensitive
dependence feature.

o Self Organizing and Learning: Due to the constant interaction of the
system’ s agents and the distant effect of localized interactions, we find
that agents continuously change their worldviews and behavior to make
sense of the system. The system somehow stays stable even though there is
no agent actively managing it. The system manages itself and self-
organizes. The systems agents, and hence the system, continually learn
from their environment and adjust their behavior to achieve new states of
self. All self organizing systems adapt and evolve to become informed of
their world (Scott; 2004: 1367).

The features themselves are interconnected as I have shown that by exhibiting the
ability to do one thing leads the system to do another, which effectively represents
a different feature. These features are present in any viable self-sustaining system,
including organizations, families and society. As I have argued, the initial discovery
of these features may have been an anomaly but because they are persistent in non-
linear systems, they led to the discovery or creation of a new way of thinking called
complexity sciences.

Perspective from these sciences reveals that management of organizations is not a
simple application of methods developed using the old scientific method’ s
deterministic body of knowledge. All these sciences discussed in this section aim
for beneficial control (Scott; 2004: 1176) and governance in human systems.

Old management theories, most of which are still in use today, assume a static
business environment and hence are failing managers in this dynamic world we are
faced with. The methods were useful for many years when the pace of change was
slow and near imperceptible to management decisions. The world today 1s dynamic
and complex and requires a different management approach. I argue that systems
thinking based approaches are the ones that can deal with these dynamic systems.
Maitlis and Ozcelik (2004: 375) lament that most research places organizational
emotions and decision processes in individuals and ignores “the collective,
systemic, and dynamic properties of emotions” .

Considering how powerful the system based methods can be, it is shocking how the
world has resisted adopting them. Stowell (2009: 880) references Checkland and
says that this resistance stems from two things:

e The strong grip of reductionist thinking on western civilization and the
omnipotence of the scientific paradigm on us;

12
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e The refusal of the systems sciences to give one-size-fits-all solutions
In the next section I will discuss the concept of bounded rationality; a way of

explaining our sub-optimal thought processes in complex systems; and will also
show how 1t 1s directly linked to the complexity sciences.

1.8 Human Cognitive Limitations

oyle (1997: 1) describes bounded rationality as:
“--rationality as exhibited by decision makers of limited abilities.”

People intuitively know that they have limited cognitive abilities; it 1s just the limits
that they are not aware of. This intuitive knowledge however seems to elude people
who position themselves as experts. Somehow, we then lose this intuitive
knowledge (about limited cognitive abilities) when we deal with these experts. We
tend to believe that they are not inflicted with this human limitation in their areas of
expertise. People make their decisions, and no matter how flawed their decision
process, they find a way to justify to themselves. They effectively rationalize their
decisions after the fact.

It has been argued (Doyle; 1997, and Jones; 1999) that humans have limited
cognitive ability and decisions are usually made with incomplete and insufficient
information. This 1S so because the systems within which we operate are dynamic
and non-linear and therefore variables do not hold still while we try to make sense
of the system in order to arrive at some decision. Jones (1999: 308) makes the
following logical assertions:

‘?’roponents of limited rationality suggest that the environment 1s fundamentally
more uncertain than 1s understood in prevailing choice models--- In limited-
rationality models, uncertainty also involves lack of knowledee of the attributes
that characterize the problem (these are termed ill-structured problems). It can
also mvolve ambiguity, which itself has two connotations - People never make
decisions 1n 1solation. They interact with others, who themselves have decision
strategies. They must modify their goals in light of the social milieu in which they
find themselves. Indeed, some analysts have argued that preferences should be
viewed as fluid, not fixed, because of the necessity to be flexible in the face of
changing circumstances”

Managers rely on gut-feel to make decisions especially when they have a large
number of options to choose from (McKenzie & James; 2004: 32). Bounded
rationality does not inflict some people, it affects all of us. This therefore exposes
experts to be delusional beings or unwitting con-artists.

13
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It 18 1mportant to revisit previous decisions that have already been made in order to
ensure that they are still valid especially with knowledge of new information that
may have been missing at the time of the decision. This 1s difficult to achieve
especially for people who do not take time to reflect on issues that impact on their
lives. Jones (1999: 307) reaffirms my argument that in certain situations people do
not update their choices. Therefore continuous reflection and after-thought are
crucial in management of complex systems and they are the real source of deep
learning that results in altered worldviews. In complex environments, Jones (1999:
319) concludes that:

“In this far more complex situation, problem-space representations may interact
nonlinearly with goals and processing limits,”

These human cognitive limitations cause us to filter out what seems like
background noise that is not crucial for the task at hand. This is an important
characteristic that helps us avoid getting bogged down by useless information.

Almost all the time, during the filtering process, important information gets lost but
the 1mpact of the loss may not be immediately appreciated. Heylighen (1991: 39)
says:

“In the same way, we, as human beings, have inherited a number of mechanisms
for distinguishing important phenomena, while ignoring or filtering out irrelevant
details. This selective attention allows us to make sense of the very complex, 1/l-
structured information we receive continously through our sensory organs. Yet we
are completely unaware of this process of perceptual structuring and filtering,
which is continuously taking place in our nervous system.”

As I will show 1in the literature review chapter, and prove during the simulation
phase, people have severely limited abilities to grasp and or identify issues that
accumulate over time. I will also show that these issues are the ones that result in
long term system behaviors that consistently confound us.

As a way to understand complex systems Heylighen (2008: 2) suggests that:

“At best, we can find certain statistical regularities in their quantitative features,
or understand therr qualitative behavior through metaphors, models, and computer
simulations.”

In this section I will also argue that computer modelling 1s one of the better ways to
minimize the filtering of information so as to obtain a high fidelity picture of the
system. Simulations help us lay bare all the assumptions and mental models that
accompany our perspectives. Computer simulations are able to reveal the
accumulation that most of us are unable to see.

14
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Recognition of our cognitive limitations steers us towards rules of thumb and
heuristics (Doyle 1997: 3). Sheridan (2001: 90) proposes that decision making
tends to be recognition primed and situational. This statement highlights the
inherent, but subconscious desire, to make decisions that we are familiar with. The
statement also reaffirms the power and importance of management flight simulators
(Sterman; 1998: 2) in preparing people to make difficult decisions under controlled
and safe conditions. Simulators allow us to experiment with risky business
decisions that we would not want to try out in the real world system.

Robust dynamic systems modelling and simulation unintentionally exposes the
pseudo-science of experts. It also helps us reduce complexity and manage it on a
higher more abstract level (Heylighen; 1991: 40).

In summary, I am arguing that in order to counter limitations of the scientific
approach in dynamic systems we must embrace complexity sciences as they help us
understand complex systems and minimize the anxiety that comes with being part
of such systems. I am also arguing that because the systems within which we are
embedded are so complex, it 1s difficult or near impossible to make fully rational
decisions as the variables are non-static, non-linear, non-deterministic and therefore
unpredictable.

So if the systems are so complex and dynamic don’ t we then need tools that can
help us deal with these systems? My argument 1s that computer simulations are
good at this, and I propose system dynamics as the preferred methodology for this
research.

In the next section I will present the research problem to which I will apply the
system dynamics methodology in a project management system. These models and
simulation will expose the financial effects of bounded rationality in the systems
modelled.
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1.9 Problem Statement

he ability of theory to reflect reality can only be tested by doing and seeing

what happens (Gustavsen; 2008: 433). To test my assertions as laid out in

the preceding sections I will use a case study approach to test the validity of
my claims in the real world context. The primary reason for undertaking a project,
In any system, 1s to achieve a specific goal, within a specific period and within
specific cost parameters. Therefore it 1S concerning that Fisher (2005: 6) quotes a
conversation with Forrester where he said:

“One of the consistent findings was particularly disturbing at first glance: the
problems of most companies were not brought on by competition or market
trends, but were the direct result of their own policies” .

Even though Forrester was not specifically talking about projects, this statement
effectively says that most problems that will be experienced in a project system will
come from within. Projects are guided by policies that are meant to effectively and
efficiently manage the three major parameters on which projects are measured.
These policies are further governed by other rules that are meant to manage
additional work and additional costs that arise in projects. The project management
fraternity has created generally accepted methods such as scope change requests in
a quest to try and manage unplanned work request and associated cost and time
1mpacts on the overall project.

The problem i1s that current thinking and approaches to project management, even
though systematic, are non-systemic and recent innovations present minimal
incremental 1mprovements. Project management tools and techniques have
challenges and while useful for planning do not represent reality and its built-in
complexity (Whitty & Maylor; 2009: 306 and Sterman; 1992: 7). The tools reduce
the problem into smaller and hopefully manageable tasks. Contemporary literature
on project management states that far too many projects do not meet their targets.
Sterman (2006: 505) says:

“Comp]exf[y hinders our ability to discover the delayed and distal impacts of
Interventions, generating unintended —“side effects” . Yet learning often fails
even when strong evidence is available: common mental models lead to erroneous
but self confirming inferences, allowing harmful beliefs and behaviors to persist
and undermining implementation of beneficial policies”

Service providers and clients alike fail to appreciate this point about complexity
until one of them faces financial ruin and then institutes legal action against the
other. In order to achieve any new meaningful improvements, a paradigm shift
would be required and the only way to initiate this shift would be by questioning
the way things are done with the primary aim of gaining new insights. I expect that
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there will be resistance to a drastic shift as people struggle to accept evidence that
invalidates all their beliefs. Meadows (1989: 70) says that:

“A paradigm is not only an assumption about how things are, it Is a
commitment. There is an emotional investment in a paradigm, because it defines
one’ s world and oneself. A paradigm is a set of deep concepts about the nature
of reality that shapes language, thought, and perceptions - and systems
structures.”

The Global Community (May 18, 2004) quotes Meadows as having said:

“For those who stake their identity on the role of omniscient congueror, the
uncertainty exposed by systems thinking is hard to take. If you can’ t understand,
predict, and control, what is there to do?”

At this stage I must acknowledge that I consciously accept the paradigm of
managing changes by filling out forms in a project. I do not seek to invalidate this
paradigm, what I seek to do is to reveal that policies guiding it are flawed and the
resulting cost estimates are inaccurate and risky to the client, the project and the
service provider.

1.10Research Goals

ontemporary thinking and teaching 1s informed by mechanistic and

scientific thinking which has reinforced some unspoken assumptions about

change being foreseeable and predictable. This approach has prevented
people from questioning the assumption that outcomes are more important than
process. In the project management fraternity nobody is actively challenging the
norm and saying that there could be a better way, if not totally different way, of
doing things. Sterman (2006: 505) reinforces my thinking and says:

“We have been trained to view our situation as the result of forces outside
ourselves, forces largely unpredictable and uncontrollable.”

In this research I will model previously completed projects using system dynamics
in order to fully understand and gain some insights to the cost and time dynamics
that were at play but were most probably never fully understood. I aim to develop a
systems archetype for a typical engineering project which will model the change
order processes. I expect that at the end the resulting system model will be made
available to interested parties to use as a tool to improve their internal systems.

The most important benefit of this model will be that people will know that they
are not victims of some outside random acts of nature, but they are part of the
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system that leads to that random act of nature and most importantly they can
minimize the negative effects of the random act.

1.11 Research Propositions

‘F f‘ y research propositions were that:
1.

Proposition 1: All parties in the project chain either gain or lose
revenue when a change order 1s requested by the client;

2. Proposition 2: Clients and service providers are oblivious to the true impact
of change orders on time and cost;

3. Proposition 3: Revealing the true nature of change orders will discourage
clients from requesting non-essential changes in projects;

4. Proposition 4: Revealing the true nature of change orders will make it
easier for service providers to justify seemingly disproportionate costs and
time claims even post project completion;

By undertaking this research I aimed to:

1. Model project management change order systems, on whose analyses I will
reveal the weaknesses of the current generally accepted approaches;

2. Gain nsights on the system structure and behavior of the systems modelled;

3. Review the robustness of current methods which are believed to be best
practices;

4. Use the model to inform the generation, assessment and approval of change
orders;

Additional to these aims I plan to answer the following questions:

1. What are the cost implications of adopting the system dynamics
methodology?

2. How does system dynamics modelling compare to other modelling
techniques?
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Meadows (1989: 76) advises that when challenging a paradigm you have to take an
incremental approach or else people will shut-off and not engage the perspective
being presented. My primary aim in this research is not to change people’ s minds
but to reveal that there is a different paradigm. Thereby letting people change their
own minds and worldviews. So 1n essence the model purpose will be to act as a

“management flight simulator’ . With the simulator model the research
participants can test different hypotheses and alter their worldviews. It is noted that
1t 1S 1important to test hypotheses, not randomly play around with variables, in order
to arrive at meaningful insights. If this is not done, the whole simulation becomes
just a fun filled game with no meaningful after effects or insights on the
participants. The overall aim 1S to arrive at a state where the participants can
intuitively foresee change order related problems before they even occur. With that
ability they can then convincingly argue their point of views with the client.

1.12 Summary

onkela (2005: 45) says:

“A trivial machine is characterized by one-to-one correspondence between its

nput’  (stimulus, cause) and its  ‘output’ -+ Non-trivial machines, however

are quite different creatures. Their input-output relationship is not invariant, but is
determined by the machines reaction.”

In essence trivial entities are those whose behavior are deterministic and will not
change. They are predictable, given a similar set of circumstances. While non-
trivial entities are the ones whose behavior is unpredictable and will react
differently almost every time, even if faced with similar circumstances. The
systems that will be studied are non-deterministic and dynamic. To validate this
point I will show that a set of relatively small change requests and delays in a
project can interact to lead to a rapid unbalanced situation (Forrester; 1991: 11)
resulting in major delays and cost increases either for the service provider or the
client. The research will show that change orders are non-trivial entities and
therefore should not be treated indifferently because they have a direct impact on
the financial outcome of the project.

In this chapter I have shown that the scientific method has helped the human race
achieve greatness and gain control over many difficult yet simple and linear
physical systems. I have shown that the method 1s structured and systematic and 1s
replicable and reducible. I have shown that as great as the method 1s, 1t falls short
n satisfying our desires to understand complex dynamic systems. I proceeded to
provide the characteristics that make it hard to control and grasp complex systems
by presenting the perspective of systems thinking and complexity sciences. I went
further and linked the complexity of dynamic systems and showed how they
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confound us by presenting the premise of bounded rationality. I then proceeded to
show that computer simulation has the ability to address the shortfall of each of
these concepts. This 1s because:

e computer simulation takes over when we become rationally bounded;
e computer simulation can reasonably represent complex systems;

e we are able to take risky decisions and see their impact without the fear of
“real world” retribution.

By using complexity sciences as a signpost, limitations of both the scientific
approach and the mind in complex and fast changing environments can be
discovered and navigated resulting in a better understanding and appreciation of the
relationships embedded in the system.

1.13 Report Structure

he rest of the report will be as follows:

e Chapter 2 will cover the literature review on system dynamics,
disruption and delay and project management;

e Chapter 3 will present a detailed research approach;

e Chapter 4 will present a detailed case to be studied to test and affirm my
propositions as made 1n this chapter;

e Chapter 5 will discuss the major project stages (engineering, fabrication and
installation). These stages are discussed with the aid of conceptual stock
and flow and causal loop diagrams;

e Chapter 6 will present the model building process, presented as fragments.
The dynamic understanding experiment and results are also discussed.
Lastly simulations are ran and discussed in order to answer the research
questions;

e Chapter 7 will be synthesized from the reflection chapter (6); this chapter
will cover issues that I believe will require further research. I will also
extract new knowledge; learning and value as assimilated during the
research process.



Chapter 2 - Literature Review

Akhanya
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2.1 Introduction

n the previous chapter I provided the background on the scientific method. I

further discussed complexity theory and explained how it 1s helping us

understand complex and dynamic systems. This discussion was followed up by
a discussion of bounded rationality and how it explains how we behave and make
decisions in complex systems. I further showed that we tend to rationalize decisions
that we have already made, even when we know they had been sub-optimal.

In the same chapter I made a proposition that in complex systems, where we are
rationally bounded by our cognitive limitations, it 1s advantageous to use complex
simulation methods to help us see the big picture” . In these situations, simulations
and computers act as extensions of our brains’  capacity to analyze.

I then proposed that the system dynamics methodology 1s a good way of countering
cognitive limitations.

2.2 Overview

n this chapter I will review the literature relevant for this research. I will

discuss project management with the view of showing that it is complex and

dynamic. I will then concisely discuss the system dynamics methodology and
why I propose it as a way of helping me understand the systems that will be
analyzed 1n this research. The three main aims of this literature review c