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Abstract 

 
 
An increasing number of companies are focusing their efforts on project management. Project 
management is frequently used as an enabler for meeting an uncertain and turbulent 
environment. Consequently, the overall effectiveness of the project management process is 
essential for long-term profitability. The aim and final effects of project management are to 
predict the outcome, i.e. cost, time and quality. However, uncertainty is inherent in the 
objectives of the project itself, as we use assumptions and expectations in defining and 
realizing the outcome of the project. A project’s ability to identify and react to uncertainty 
will influence the outcome of the project. Presently, risk management processes exist in 
several forms and are often used to manage uncertainty. However, it is frequently argued in 
academia as well as for the practitioner that risk management does not live up to expected 
results.  
 
The overall objective of this research is to improve the process for managing risks and 
opportunities within a project organization. The research starts from the single project view, 
followed by the strategic link to business strategy by including the project portfolio 
management perspective. Finally, the research focuses on opportunities and the ability of a 
project to realize them. Thus, the research questions addressed concern how risk is conceived 
in a theoretical global context and how this would assist in developing a methodology for risk 
management in an international project organization. They also involve how risk management 
within a project portfolio could be conducted and its effectiveness measured. Finally, the 
research questions also address how the management of opportunities could be improved. 
 
This research includes the development of four methodologies, based on industrial need. A 
holistic approach with a systems perspective has been used in order to handle the complexity 
of the research task. Both empirical and theoretical material has been used for developing the 
proposed methodologies. The developed methodologies for project risk management and the 
measures of its effectiveness have been tested and improved over a five-year period within the 
complete case company. Subsequently, two of them were implemented.  
 
The developed methodologies show that the risk management process in a single project does 
not foster learning and is not directly applicable within a portfolio of projects. Furthermore, 
the risk management process is not able to address all types of uncertainty. The project 
manager is a major factor in an effective management of uncertainty. When identifying and 
managing opportunity, having the ability to create a holistic view, to oversee both customer 
expectations, and to communicate project related information are important factors. 
Furthermore, the implementation also showed that it is actually possible, through the 
consistent use of a risk management process, to develop a cultural behavior within an 
organization that is much more preventive and proactive than before.  
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Sammanfattning 
 

 
Att hantera sin verksamhet i projektform blir allt vanligare i flertalet företag. Projektledning 
utnyttjas mer och mer för att möta den osäkerhet som kännetecknar en turbulent omgivning. 
Som följd är effektiviteten i projekt väsentlig för att uppnå långsiktig lönsamhet. Målet och 
det övergripande syftet med projekt och dess ledning är att kunna förutsäga resultat i form av 
tid, kvalitet och kostnad. I ett projekt existerar osäkerhet i själva projektmålen på grund av att 
vi använder oss av antaganden och förväntningar då vi definierar och utför våra projekt. Ett 
projekts förmåga att identifiera och reagera på osäkerheter har en direkt påverkan på dess 
resultat. Riskhantering existerar idag i flertalet former och är ofta använt för att hantera 
osäkerhet i projekt. Dock finns en gemensam syn bland både akademiker och praktiker att 
dagens riskhantering inte lever upp till ställda förväntningar. 
 
Det övergripande målet med denna forskning är att förbättra hanteringen av risk och möjlighet 
inom en projektorganisation. Forskningen startar i det enskilda projektet, via 
projektportföljhantering och den strategiska länken till affärsverksamheten. Slutligen 
fokuserar denna forskning på möjligheter och ett projekts förmåga att realisera dessa.  
 
Denna forskning presenterar utvecklingen av fyra metodiker, vilka baserar sig på ett 
industriellt behov. Ett övergripande synsätt med ett systemperspektiv har använts för att 
kunna hantera komplexiteten i forskningens uppgift. Både empiriskt och teoretiskt material 
har använts i utvecklingen av de föreslagna metodikerna för hantering av osäkerhet. Dessa har 
utvärderats och förbättrats under de fem år som de har studerats inom det aktuella företaget. 
Efter denna utvärdering har två av dessa sedan införts.  
 
De utvecklade metodikerna visar på att riskhantering bör vara en integrerad del inom 
projektledning, där samtliga medlemmar bidrar och påverkar riskexponeringen samtidigt som 
hanteringen inte ses som en administrativ aktivitet. Processen för hantering av risker och 
möjligheter i det enskilda projektet bidrar inte med kunskapsöverföring mellan olika projekt 
och är heller inte direkt applicerbar i en projektportfölj. Fortsättningsvis har processen för 
hantering av risker och möjligheter inte förmågan att hantera alla typer av osäkerhet. 
Projektledaren är en betydande faktor för effektiviteten att hantera osäkerhet. När man 
identifierar och hanterar möjligheter är faktorer som förmågan att skapa en översiktlig bild 
och att kunna förstå kundens förväntningar samt dess kommunikation väsentlig. 
Implementeringen visar på att det är möjligt att, genom konsekvent användande av en 
riskhanteringsprocess, kunna utveckla en organisationskultur som är mer förebyggande och 
proaktiv än tidigare. 
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Section I 
Problem Description and Research 

Methodology 

 
 

This section includes an introduction to the research and research methodology. 
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1. Introduction 

 
 
 
The development of most sectors of Western economies is shifting its focus from the 
traditional way of producing goods in a company and its more stable structures 
towards a more flexible, project-oriented way of doing business. Concurrently, 
today’s social climate and the pace at which we do things are increasingly becoming 
more and more hectic. This phenomenon is also reflected in industry where products 
become more complex and new technologies emerge with an increasing speed. In the 
midst of this more hectic and complex environment, the human being tries to interact. 
Although perhaps more educated than before, he/she still has the same biological 
prerequisites as before. As result of all this, uncertainties both within a project and 
outside the organization become more and more unmanageable and unpredictable. 
 
Generally, work can be categorized as either projects or operations, although they 
sometimes overlap. There are some characteristics that significantly differ between 
these two categories. The main difference is that operations are continuous and 
repetitive, existing in a lasting stable environment. There, change is primarily 
incremental and with a comparatively low level of uncertainty affecting the 
objectives. Projects, on the other hand, are temporary and unique, existing in a 
turbulent environment. In projects, change is the purpose of the project itself and 
uncertainty is inherent in the objectives of that project. 
 
We undertake projects because we cannot produce, or achieve the benefit, by doing 
routine things, and the expected benefits from doing the project outweigh the risks 
(Turner 1993). The very act of undertaking projects introduces change. Projects have 
traditionally been used by engineering contractors and consultancies, but are now 
being adopted, at least in part, by a majority of organizations.  
 
There are several methods, tools, and techniques for managing the five system 
objectives of projects (scope, organization, quality, cost, and time) (Turner 1993). 
Risks are inherent in each of the five objectives, since we use assumptions and 
expectations in defining and realizing the projects. Hence, assumptions and 
expectations introduce uncertainty into the project life-cycle.  
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Uncertainty exists in all areas of life, and humans react to it in various ways. Human 
behavior in the presence of uncertainty is not always rational. Nonetheless, efforts 
can be made to understand the possible range of such behavior so that it can be 
managed as appropriately as possible. Organizational efforts are needed to be able to 
reflect on such behavior in order to effectively be able to manage uncertainty faced. 
The management of these extraordinary, uncertain situations has become a discipline 
in its own right over the past decade, particularly in a business context, but 
increasingly also in a social setting (Hillson and Webster 2005).  
 
Since project management is becoming a more common way of managing business, 
the project team member’s ability to identify and react on uncertainties is imperative. 
Risk management is suggested to be part of every project, every function and within 
the organization as a whole. The overall objective of this research is to improve the 
management of risk and opportunity within a project organization. That 
management starts from the single project, the strategic link to business via project 
portfolio management and ends with the focus on opportunities and the ability of 
project team members to realize them. This research applies a combination of 
systems theory and an actors approach, with the aim of dealing with complex 
problems. 

1.1 The problem area for this research 

The core of the problem is mainly found in the social climate that is increasingly 
becoming more and more hectic, with an increased pace as a result. This is also 
reflected in industry where products become more complex and new technologies 
emerge with an increasing speed. In the midst of this increasing environment, the 
human being tries to interact. Although perhaps more educated than before, he/she 
still has the same biological prerequisites as before. Also the organizational setting in 
which we are working and the work methodologies reflect neither the present 
situation nor future situations. There is therefore a mismatch between the technology 
development on one hand and organizational settings and the ability of the human 
being on the other hand. We are not suited to react fast enough.  Furthermore, the 
complexity of the scenarios faced is so great that decision makers1 often cannot grasp 
the view required in order to make proper decisions. As result of all this, 
uncertainties both within a project and outside the organization become more and 
more unmanageable and unpredictable. 
 
Project management is a common way of managing business in organizations. Its 
ability to identify and react on uncertainties is imperative. Projects, compared to 
operations, are unique. Hence, they carry considerable uncertainty. The rationale of 
this research is that project organizations are able to gain benefits from having an 
                                                 
1 An individual, a group, a project or an organization can make decisions. 
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effective process for handling risks and opportunities. This is true not only for project 
by projects, but also from a project portfolio perspective, linking business objectives 
to managing risks and opportunities. This is especially important in projects seen as 
complex. Here, complexity may be considered in the meaning of project size, degree 
of international composition of the project team, the product itself or a combination 
thereof.  

1.2 Objectives and goals of the research 

The overall objective of this research project is to improve the management of risks 
and opportunities in large complex international project organizations. Research is a 
journey into the unknown. When knowledge has been gained, the studied situation 
may have changed or the result of the knowledge may have steered the researcher 
onto a path not intended at the start of the journey. As shown very clearly in this 
project, when research results have been reached, new goals have been formulated 
based on the knowledge gained during the previous steps.   
 
This research has had five objectives: 

1)  Develop a process to manage the uncertainties a project faces during its project 
lifecycle. 

2)  Identify the implications and benefits of implementing a risk management 
process concurrent to the implementation of the core business process. 

3)  Develop a process for multinational management of risks and opportunities, 
implementing and improving it during its period of existence. 

4)  Increase the effectiveness of risk management by developing and integrating a 
process for managing risk and opportunity into the portfolio management 
setting. 

5)  Provide training, guidelines and support to project members, managers and 
other personnel involved in project management.  

 
The initial expectation for the contribution of this research project was to develop a 
methodology for managing product development risk. Except for sporadic technical 
risk assessment, no structured methodology existed. Furthermore, the expectation on 
this research project was to reduce, through the development of a risk management 
methodology, recurrent errors and mistakes in design and project execution. As 
research could be considered a journey, the initial objectives of the research changed 
during the journey due to newly obtained knowledge and from the evolvement of 
the organization. The objectives themselves were somewhat broad and, thus, needed 
further definition. Therefore, the objectives are further discussed in the research 
questions section of the thesis. 
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The goal of this research is to develop the ability to manage uncertainty in projects 
and within the industrial company studied. Ability in this context includes methods, 
tools, and techniques in order to form the foundations for risk management as well 
as to conduct training, coaching, and motivating people in order to increase the risk 
management maturity of the company. The results in this thesis primarily address 
those senior managers, managers, project directors, managers, and personnel who 
are, or is expected to be, part of or responsible for projects.  
 
Finally, the theoretical goal of this research is to contribute to new scientific 
knowledge on how to manage uncertainty in a project organization. Further, the goal 
is also to develop insight into how the effectiveness of risk management can be 
improved in an industrial organization.  

1.3 Research Questions 

The following research questions pertain to a particular corporate setting consisting 
of complex high cost products, low series production and international project teams. 
The research questions also reflect the time before and after the acquisition of the 
company. The overall purpose of this research is to improve the handling of 
uncertainties in large international project organizations, thereby increasing the 
effectiveness in both a project and an organization. Thus formulating and answering 
the following comprehensive research question could define the overall purpose:  
 
How can improving the handling of uncertainties in large international project 
organizations increase the effectiveness of project management?  
 
In order to answer this research question, additional questions were formulated: 
  
Q1:  How is risk management perceived in a theoretical global context, and how 

does it relate to the handling of risks and opportunities from a project 
perspective?  

 
Based on this, further research questions were posed in order to investigate the 
handling of risks and opportunities when using the developed project risk and 
opportunity management methodology (PROM): 
  
Q2:  How does the PROM process help the handling of risks and opportunities in 

the organizational setting?  
 
Q3: What are the benefits and implications of implementing a parallel process for 

handling uncertainties in a single project perspective? 
 



7 

Based on the above research findings, the development of a new corporate risk 
management process was initiated. The new process was developed and 
implemented with the author in the role of the participatory action researcher. 
Theory, new risk management process and its implementation and its results were 
blended with the deliberate actions from the author, who sought to answer the 
question (previously stated above): 
 
Q4: How can improving the handling of uncertainties in large international 

project organizations increase the effectiveness of project management? 
 
As the process maturity increased, a study was conducted to verify both the senior 
management and project management’s view on the effectiveness of the process. 
This study resembles the previous research question (Q3). However, it was now 
considered imperative to have the risk management process included as a core 
process within the project management process. The study addressed the following 
research questions: 
 
Q5:   How can a project risk management process be developed to fit the need for 

managing risks and opportunities from a project portfolio perspective? 
 
Q6:  How can the management of the positive outcome of uncertainties 

(i.e. opportunities) be improved? 

1.4 Delimitations 

This research project focuses on projects and the management of uncertainties within 
an industrial setting. The common unit of analysis is the project and the project 
setting. As projects differ both organizationally and managerially, the focus has been 
on projects, which are temporarily organized in order to meet set requirements 
within a certain time, scope and cost. The project members within such a project 
consist of different functions necessary to achieve the objectives. The project manager 
has limited ability to influence the work done by the functions, nor is he/she always 
the one to which functions report as in a department. Although all functions interact, 
the main focus of this research project has been on the project as a phenomenon, 
rather than on the risk management activities necessary within the functions 
supporting the project. 
 
In a project-based company, the project management process is the main value 
adding process. Other processes involved in project management could be either 
value adding or supporting. Examples of value adding processes include 
procurement, engineering, and manufacturing. Examples of supporting processes 
include HR, IT, and finance. Supporting processes should not be confused with non-
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necessary processes. However, a distinction is made with those that do not directly 
generating value (i.e. processes and services that the customer does not pay for). It 
should be made very clear that such processes are vital for the organization as an 
entity. This research project does not include supporting processes. Instead, it is 
limited to project management process and other value added processes in 
conjunction with the project management process. 
 
Some project organizations group projects into portfolios. This is because of different 
reasons such as similarity of product, geographic location of projects, and differences 
in the project life cycle (for example bid, project realization, service and 
commissioning). With such a project portfolio, the need for risk management changes 
from the single-project perspective to the portfolio-perspective, thus including the 
requirement from the single project as well as the ones of the portfolio. As several 
portfolios can exist, requirements can be set for such handling of risk and 
opportunities. Combining such requirements with the management of risks in other 
functions than the project management and with the supporting processes 
constitutes what is usually called business- or enterprise risk management. This 
research project includes both the single-project perspective and the project portfolio 
perspective. However, it excludes the business/enterprise risk management 
perspective. This research project has been conducted both centrally at the group 
level at the company and in one specific division active in Northern Europe. Finally, 
this research has not included North America, South or Eastern Europe, Australia or 
Asia.  

1.5 Thesis Outline  

The overall structure of the thesis outline is described below. It is also depicted in 
Figure 1. The structure starts with an introduction of the research area, including the 
research questions. The methodological approach is then presented. The chapters 
that follow describe the research journey in the six steps conducted. To enable a 
better understanding of the journey, relevant theory, empiric data and results are 
summarized at each research step, instead of being described in summarized 
chapters. The results are then summarized and conclusions are described. In the end, 
appended papers are presented. 
 
As can be seen in below structure of the thesis outline, the start of the description of 
the research journey begins in part 1. First an introduction to the problem and the 
start of the research project is described. That is followed by risk management theory, 
empirical findings, and, finally, the results from this part of the journey.  
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Figure 1:  An illustrative overview of the thesis outline 
 
Part 2 starts with a portrayal of the changed industrial situation and how it altered 
the research focus, followed by additional related theory on risk management and 
project management. Then the result of the development and implementation of the 
new process and metric is explained. This chapter describes the process and metric in 
more depth (i.e. describing the result while not focusing on the actual process of 
development). 
 
Part 3 begins with a description of the shift in the company strategy from a single-
project perspective to a project portfolio perspective. This is followed by related 
theory on portfolio risk management. Further, despite all interaction changes done to 
the system in part 2, a case study was conducted with the aim of understanding the 
view of senior management and the project management community regarding the 
efficiency of the risk management process implemented. Finally, a methodology for 
managing risk in a project portfolio is described based on knowledge gained from 
preceding research and from the results from the case study. 
 
In part 4 related theory concerning efficiency and effectiveness metrics is recited 
followed by the case study, conducted with the aim of identifying the major concerns 
about the effectiveness of the existing risk management process. Further, the 
development of a metric for measuring the effectiveness of project risk management 
is represented. A description of the verification of the metric, along with the 
previously described methodology for managing portfolio risk, concludes the 
chapter. 
 
Part 5 starts with describing the somewhat lost focus on opportunities within the 
company. Furthermore this part describes the results of a case study conducted with 
the aim to find factors influencing a project’s ability to manage opportunities. 
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Finally, the connection between risk management and project success is pursued in 
part 6, preceded by relevant theory regarding project success and risk management. 
A case study with the aim of comparing the risk attitude from the beginning of the 
research and today is also described.  

1.6 The case company 

Except for one case study, this research has been conducted within one company. 
The author has been employed at the company since 1999 and conducted research 
there since 2000. The case company is an international provider of transportation 
solutions, serving a diversified customer base around the world. The company is a 
global leader within its segment, with a wide range of products (including vehicles) 
and total transport solutions (including design and manufacturing). 
 
The company entered the transportation market in 1974. It subsequently embarked 
on a dynamic growth strategy, which combines internally generated expansion with 
a focus on the acquisition of other companies that have proven designs, know-how 
and technologies.  
 
The company has different segments, one of which is the segment on which this 
research is conducted. In total, 58,800 people are employed within the corporation. 
The turnover for 2005 was 15.8 Billion USD. Twenty-eight thousand six hundred are 
employed in the studied segment. The segment has 42 production sites in 21 
countries. Its European presence constitutes 28 production sites in 14 countries. 
 
The segment is divided into several divisions, all of them responsible for several 
types of products or services. This research has been conducted in all divisions and 
for one division in particular. All divisions have a profit and loss responsibility and 
all functions necessary for conducting business. All divisions have functions such as 
sales, finance, engineering, procurement, manufacturing, and project management, 
human resources, quality, IT, and administration.  
 
The typical project duration is three to four years, involves 100 people, and has an 
order value of approximately 200 million U.S. dollars. The project manager or project 
director has a core team consisting of project engineering, procurement, planning, 
risk manager, product introduction, controller, quality and administration. 
Depending on the scope of the project, a deputy project manager could be assigned. 
A typical project core team could consist of 10-20 persons. These persons, except 
project management personnel, belong to functional organizations. In other words, 
the project manager does not employ them. Hence, the project manager has no direct 
responsibility over the personnel working in the project. The project core team 



11 

members are representatives of their respective functions. Additional resources are 
allocated to the project and coordinated via the different functions in the core team. 
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2. Research Methodology 

 

2.1 Research methodology 

Research2 could be described as the detailed study of a subject, especially in order to 
discover (new) information or reach a (new) understanding or practical application 
of such new or revised information or understanding. This chapter will describe the 
ontological and epistemological viewpoints that underlie the choice of research 
strategy and applied methods in this study. Furthermore this chapter will describe in 
more detail the methods used for this research. This chapter is concluded with a 
discussion on the quality of the conducted research.  

2.2 Introduction 

It is desirable that academic researchers, when writing reports, account for their 
personal values (Gummesson 1988). Personal values and beliefs play an important 
role in the researcher’s approach to science. Consideration has to be given to 
ontological (the way you as a researcher view the world) and epistemological (the 
way you as a researcher consider how new knowledge can be created) considerations. 
This thesis deals with applied research. The work has been carried out in 
collaboration with industry and academia, with an industrial PhD student 
performing the work. This implies a two faceted view: meeting the practical use for 
industrial application while, at the same time, achieve scientific relevance. The term 
risk management 3  and uncertainty management in this thesis will be used 
interchangeably to include the management of risk, opportunity and uncertainty.  

2.3 The applied world view 

The term paradigm, originally from Kuhn (see Kuhn (1970)), refers to the progress of 
scientific practice based on people’s philosophies and assumptions about the world 
and the nature of knowledge. In this context, paradigms state the boundaries of the 
view of how the research objectives are perceived in comparison to own beliefs, 
                                                 
2 The word research is derived from Old French recerchier, from re- + cerchier, meaning “to search”. 
3 Throughout the whole thesis, risk management implies project risk management, unless stated otherwise.  
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values and assumptions. The researcher’s personal ontological viewpoint could for 
instance consider the world as objective and external to the researcher or as socially 
constructed and only understood by examining the perceptions of the human actors. 
Generally, somewhat simplified, there are two main paradigms: the positivistic 
approach and the hermeneutic paradigm. The positivistic tradition is usually found 
in natural science. It stems as far back as to the French philosopher Henry-Saint 
Simon (1760-1825). He used the term positivism to indicate an emphasis on science; an 
emphasis on tested and systematic experience rather than on undisciplined 
speculations (Arbnor and Bjerke1997). In the positivistic tradition, the world around 
us is assumed to be objective and can be explained objectively with causal 
relationships. The hermeneutic tradition is more context-directed. By interpreting 
human “traces”, hermeneutics often tries to go beyond the observable in order to 
“read between the lines” (Gummesson 1988). Here, the hermeneutic tradition 
considers that there is no objective reality; thus, to be able to interpret such reality, a 
more holistic view is needed. Natural science has to do with physical entities in time 
and space, particles, atoms and molecules, and living systems at various levels, as the 
case may be. Social science has to do with human beings in their self-created universe 
of culture (Von Bertalanffy 1968). This research disagrees with the positivistic view 
that reality could be considered only from an objective perspective. Instead, it is 
accepted that human beings are part of reality and will therefore have an influence 
on the situations and systems in which they interact.  
 
As long as human beings are involved in the risk management process, there will 
always be a certain amount of uncertainty. This is because the core of the concept of 
risk management is uncertainty (i.e. lack of knowledge). This thesis takes the 
standpoint of accepting a systems approach where cause is followed by humanly 
interacted effect where human input is variable.  
 
Increased complexity stresses the need for models that can be used for teams to 
develop a shared understanding (Senge 1990). Therefore, the need to adopt a 
paradigm that deals with interaction complexity would enable the understanding of 
the complexity of systems while appreciating the human interaction to the system. 
Systems theory is a promising effort to deal with this problem. There, an 
understanding of a system cannot be based on knowledge of the parts alone 
(Fagerström 2004). The systems approach adopts an objective (or at least objectively 
accessible) reality, consisting of wholes. Their outstanding characteristic is synergy 
(Arbnor and Bjerke 1997). It is thereby accepted that the whole may be greater or 
lesser than the sum of the parts alone.  
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2.4 The applied knowledge view 

Science is a journey, not a destination. It is a continuing generation of theories, 
models, concepts, and categories (Gummesson 2000). Thus, describing how new 
knowledge is developed can be demanding. Science could be explained as the 
process of creating new knowledge. Argyris and Schön (1978) describe learning as 
single-loop learning where learning takes place within the existing paradigm. Double-
loop learning, they contend, requires that new theories-in-use have to be acknowledged 
and understood. This, in combination with Kolb’s learning cycle (see Kolb (1984)), 
reflects how the author’s personal knowledge has evolved during the research (see 
Figure 2). The researcher’s pre-understanding of a problem or a situation starts the 
process. Reflection on the obtained knowledge and experience leads to ideas about a 
new approach. The approach is then tested through experimentation and followed 
by new experience and knowledge. However, in this respect, experimentation does 
not mean to adopt a strict analytical approach. This knowledge is then used to 
determine if the espoused theory (the way we claim we think and operates) is in line 
with the theory-in use (the way we actually think and act). It is then possible to decide 
if more fundamental changes are needed (i.e. new theories-in-use) as a base for 
creating an increased pre-understanding of the context studied. 
 
 

 
 
Figure 2: Kolb’s learning cycle, modified with a double-loop (from Argyris and Schön 1978). 

This is an illustration of how knowledge is gained through experience, reflection and 
experimentation. Knowledge gained is then used to determine if espoused theory is in line 

with theory-in-use 
 
The positivistic paradigm is associated with monism (Helenius 1990), which assumes 
that there is only one correct system of logic, whereas pluralism assumes there are 
more than one correct system of logic. This is to be compared with instrumentalism, 
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which assumes there is no correct system of logic. The positivistic analytical 
approach seeks to find results that are generalizable in character and thus are a 
prerequisite of continuing research (Arbnor and Bjerke 1997). The aim is then often to 
further explore vertically. Research usually strives for this in order to gain increased 
knowledge about a phenomenon. On the other hand, given a specific context, 
increased knowledge can be further explored horizontally.  
 
During the course of increasing knowledge, as depicted in Figure 2 above, new 
relations may be found and other environmental aspects appear to affect the context 
in study. Thus adopting a more horizontal view is needed. Further, as this research 
will show, by expanding the view of the system studied, other relations and 
environmental aspects affect the system (as well as the aim of the system itself). This 
could arguably be called horizontal research. New theories-in-use increase the pre-
understanding of the system without increasing the level of detail (vertical 
exploration). Instead, they include additional relations and environmental factors 
within the same system (horizontal exploration). Although Gummesson (1988) uses 
the concepts positivism and hermeneutics, it should be borne in mind that these are 
not uniform and unambiguous. Nonetheless, it is reasonable to use these concepts 
since they shed light on distinctions between different scientific approaches. 
Furthermore, Gummesson does not consider these concepts as opposites that exclude 
one another, something they are often presented as being unfortunately. It is argued 
that knowledge is obtained not only by objective cause-effect relations, but also by 
accepting the interaction of human beings and their values and beliefs within a 
system. This research acknowledges the dialectic viewpoint, where the human being 
and the real world simultaneously influence each other and, therefore, should not be 
studied separately. 

2.5 Methodological approach 

The theory of science elaborates on the relationship between ultimate presumptions, i.e. 
the ontological and epistemological standpoint, and the methodological approach, i.e. 
how to create new knowledge. Arbnor and Bjerke (1997) propose three 
methodological approaches operating in business research: 
 

•  The analytical approach 
•  The systems approach 
•  The actors approach 

 
Ultimate presumptions direct the researcher towards a specific research 
methodology. This in turn decides the methodological procedures to be used 
depending on the nature of the context studied. Figure 3 describes the relationship 
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between the three different methodological approaches related to paradigmatic 
categories.  
 
Before exploring the three methodological approaches further, it is important to 
describe the researcher’s position. As described in the previous chapter, this research 
disagrees with the positivistic view. Instead, it accepts that human beings and their 
relations are part of reality. As such, this research applies a combination of systems 
approach and actors approach, with the aim of dealing with more complex problems. 
This requires the researcher to adopt a holistic view. 
 
 
 

Paradigm Positivism Hermeneutic

Description

Reality as 
concrete and 

conformable to 
law from a 
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independent of 
the observer

Reality as a 
concrete 

determining 
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fields of 
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world of 
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Method
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Knowledge
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THE ANALYTICAL APPROACH

THE SYSTEMS APPROACH
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Understanding KnowledgeExplanatory Knowledge

Research approach applied in this 
research 

 
Figure 3: Relationship between the three different methodological approaches related to 
paradigmatic categories and the selected research approach for this thesis, adapted from 

Arbnor and Bjerke (1997) 
 
Arbnor and Bjerke (1997) argue that there is a difference between explanatory creation 
of knowledge and an understanding one. The positivistic tradition on one hand denies 
the existence of a fundamental difference between natural and social science. The 
hermeneutic tradition claims there is a decisive difference between explaining nature 
and understanding culture. In this research, both explanatory and understanding 
knowledge have been created. Unless stated otherwise, the source of the description 
below is from Arbnor and Bjerke (1997). The description is not intended to be 
exhaustive, but rather to give an insight into the above- mentioned methodological 
approaches.  
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2.5.1 The analytical approach 

In the analytical approach, the goal is to explain objective reality as fully as possible. 
The approach is based on the assumption that reality is independent of its observers, 
i.e. the observer does not change the object of study. Explanations of this reality take 
the form of causal relations, which means seeking to explain some effect by finding 
the prior or current cause. In order to achieve an acceptable explanation of a certain 
effect, a sufficient number of causes are required. The way knowledge is attained is 
by studying each part, determining and understanding the function of the parts in 
the object and then reconstructing them (that is, the whole is a sum of its parts). By 
doing this, a complex world is simplified. Thus, the results of research using the 
analytical approach are seen as generally applicable. Finally, the analytical approach 
is often characterized by data collection and the creation of hypotheses, which can 
lead to models describing the object of analysis. 

2.5.2 The systems approach 

In the systems approach, a system is understood as a set of components or elements 
and the relation among them (Deming 1994). Like the analytical approach, the 
systems approach makes a distinction between objective reality and representations 
of this reality. The approach, different from the analytical approach, is that reality is 
arranged in such a way that the whole differs from the sum of it parts.  The 
researcher tries to seek finality relations, i.e. relations among purposeful forces and 
their negative or positive results. The relationships are not necessarily deterministic 
or stochastic. Furthermore, cause and effect are not always close in time (Senge 1990). 
The value of knowledge is equal to its practical use, typically associated with the 
systems approach, and is based on pragmatism. Theoretical knowledge becomes 
related to one or several types of systems or to specific systems phenomena, and 
therefore implies systems-dependant knowledge.  

2.5.3 The actors approach 

In the actors approach, reality is treated as a social construction. It is not independent 
of us, its observers. The objectivity is created by people and can therefore be 
questioned and changed. The way insight is gained is via provinces of meaning, 
which each individual possesses individually, and their overlaps are seen as reality. 
Reality is therefore understood through the individual actors’ pictures of reality. 
Knowledge about an entity is gained via the characteristics of the parts, i.e. the whole 
exists only as meanings of structures which are socially constructed. The aim of the 
researcher is thus to gain knowledge about individuals and their socially constructed 
reality.  
 
A systems approach has been adopted in this research. Since projects and the project 
environment are complex and constantly changing and uncertainty is somewhat 



19 

inherent, there is a need for adopting a holistic view. Knowledge is seen as being 
obtained by acknowledging not only causal cause-effect relations but also the 
interaction of human beings and their values and beliefs within a system. 
Furthermore, it is expected that new and influencing relations and environmental 
aspects will be visible when new knowledge has been obtained.  

 2.6 Definition of a system 

Fredrich Hegel (1770-1831) formulated the following statements concerning the 
nature of systems: 
 

•  The whole is more that the sum of parts. 
•  The whole defines the nature of the parts. 
•  The parts cannot be understood by studying the whole. 
•  The parts are dynamically interrelated or interdependent (Skyttner 2001). 

 
It is events rather than things that are structured, so that social structure is a dynamic 
rather than a static concept (Katz and Kahn 1978). Systems can be considered either 
structural or processual (Arbnor and Bjerke 1997). Processual systems are considered 
more dynamic, characterized by the continuous exchange with the environment and 
the flow of different components and relations over time. Furthermore, Skyttner 
(2001) finds a static system a structure that is not in itself performing any kind of 
activity. A dynamic system has both structural components and activity. System 
models are an abstraction of reality, and to indicate the position of all components 
and relations in a system in reality would be theoretically and practically impossible 
(Arbnor and Bjerke 1997). This research has mainly used open processual systems as 
illustrated in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



20 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 4: Definition of an open system, based on Fagerström (2004) 
 
System models can and should have different levels of detail. The magnifying level 
indicates the level of detail, where low means more details, e.g. individuals arriving 
and leaving work, and high means fewer details, e.g. a corporation or the view of 
several divisions together. Also, where the system boundary is defined will influence 
the level of magnitude since, as earlier mentioned, a system model cannot possibly 
include all components and relations. The decision of the system to be modeled is 
dependant on the level used and the definition of the system. This in turn is decided 
by the questions we ask, units of analysis, and what results are expected. It is also 
expected that the system be iteratively developed during the research process. 

2.7 Research process 

Research is a journey, not a destination; it is a continuous generation of theories, 
models, and categories (Gummesson 2000). This research started with an industrial 
problem: not being sufficiently able to manage risks in the product development 
process.  
 
An important distinction between the analytical approach and the systems approach 
lies in the way new knowledge is developed. Where the analytical approach creates 
theories from factual knowledge, i.e. induction, in the systems approach, the 
researcher develops a system analysis. The theories in the analytical approach then 
need to return to objective reality to verify the theories developed. This is achieved 
by trying to predict the outcome of reality via the theories (i.e. deduction). In the 
systems approach, instead, a systems construction would be designed, which could 
obtain its input from the system analysis. That would result in a new system model 
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then to be verified through application in reality. System analysis means building 
models of existing real systems in order to describe, explain, and understand them. 
Systems construction means developing a new system, that is, a systems model that 
the researcher also hopes to be able to construct in reality, i.e. a new combination in 
objective reality (Arbnor and Bjerke 1997). The systems approach is an iterative 
approach, where the preliminary system models are revised and further developed 
during the research process. Figure 5 shows the iterative research process. In it, the 
knowledge of the systems model is increased through continuous interaction.  
 
 
 

 
 

Figure 5: Research process, from Arbnor and Bjerke (1997) 

2.8 A brief overview of the research journey 

Figure 6 describes the process of the research conducted. Part 1 of this research 
started with a combination of experience and a literature survey in related risk 
management literature. This knowledge was then used to define a system upon 
which further research was based. This resulted in a descriptive process for 
managing uncertainty in the single-project perspective. Methods in use will further 
be described in Chapter 2.  

Determination 

of the 

real 

System 

Description of the problem 

Formation of possible  
Indicator-effects 

Planning and methods  
for data-collection 

Collect data 

Pleased with  
the obtained knowledge ? 

Revision of collected data  

Control of indicator effects  

Summary and report 

YES 

NO 



22 

 
 
 
 
 
 
 
 
 
 
 

Figure 6: The research process of the contents of this thesis 
 
Part 2 started when the company was acquired and thereby merged with its largest 
competitor. At this point, an engineering based company was merged with a 
production-based company, aiming to become a project-based company. Therefore, 
new corporation requirements shifted from product development processes to 
project management processes. A prescriptive methodology was developed through 
induction using knowledge gained from the results in part 1, existing project 
management theory and other segments of the corporation. The role of the researcher 
during the implementation shifted towards that of an actions researcher / internal 
consultant. During the implementation, a metric for measuring risk management 
maturity was developed and integrated into the company.  
 
In part 3, as implementation and training were considered complete and the 
continuous improvements effects became incremental, a case study was conducted. 
Despite all the interaction changes done to the system in part 2, the aim was to 
understand the view of senior management and the project management community 
regarding the efficiency of the risk management process implemented. The results 
from these two studies were translated into design requirements on portfolio4 risk 
management. During this part of the research, the system modeled initially, was once 
more changed, since the system environment changed from a single-project to a 
project portfolio perspective. A methodology for managing risk in a project portfolio 
was developed. 
 
In part 4, the results from the study made in part 3 were translated into design 
requirements placed on a methodology to measure the effectiveness of the risk 
management process. Although parts 3 and 4 were partly conducted in parallel, it is, 
for informative reasons, decided to separate this into two parts, 3 & 4, in the thesis. A 
metric was also developed for measuring the effectiveness of risk management. This 

                                                 
4 The term portfolio is to be understood as a collection of projects. Portfolio management, therefore, is to be 
understood as the management of several, a portfolio, of projects under the leadership of a portfolio manager. 
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was interrelated to the project portfolio risk management process developed. It 
should be noted that a difference occurred between what is meant by efficiency and 
effectiveness. Also included in part 4 is a pilot study consisting of 16 projects 
conducted with the aim of verifying the two developed methodologies.  
 
Part 5 relates to opportunity, i.e. the positive effect of uncertainty, where previous 
results indicate a low degree of opportunities identified compared to risks. A case 
study was conducted in eight different companies with the aim of understanding the 
components influencing the management of opportunities within a project.  
 
In part 6, the results from the preceding part indicated another change in the system. 
The introduction of a new component was needed for increased understanding of the 
system. In the case study conducted, there were two units of analysis: the cultural 
effect on risk management and project effectiveness. Fourteen people within the 
project management community who had been part of the same since the beginning 
of the research in 2000 answered a survey regarding risk management and how the 
change in risk management culture had influenced project effectiveness and success.  

2.9 Empirical data and the role of the researcher 

Knowledge in empirical research is created via different methods (i.e. data collection 
procedures). They establish data that reflects the different characteristics of the 
phenomena studied. The characteristics of such phenomena could be of either a 
quantitative or qualitative nature, and they are reflected in numerical (quantitative) 
or non-numerical (qualitative) data (Åsberg 2001)5.  Ways to collect data include 
documentation, archival records, interviews, direct observation, participant 
observation, and physical artifacts (Yin 1994, Kvale 1997, Westlander 2000, Hussey 
and Hussey 1997). Action research (Westlander 1999, Gummesson 2000) is another 
way of collecting data. The concept of action research is reserved for those situations 
in which researchers assume the role of change agents of the process and events they 
are simultaneously studying (Gummesson 2000). An important, but often diffuse and 
frequently argued, view is that there exist both quantitative and qualitative research 
methods. The methodology itself cannot be quantitative or qualitative. Here, an 
important distinction must be made: it is the data that is either quantitative or 
qualitative, not the methods used to collect it.  
 
 In this thesis data collection has been conducted through semi-structured interviews, 
surveys, informal discussions, secondary material, and participant observation. In 
addition, actions research has been the continuous method of collecting data through 
diary keeping and having the role as change agent. The role of the researcher has 
been complemented by actual employment within the company in study, except in 
                                                 
5 In Swedish, translated by the author.  



24 

one of the studies. A theory-in-use is not a “given”. It must be constructed from 
observations of the pattern of the action in question (Argyris and Schön 1996). 
 
In most cases, the collection of data has been made with semi-structured interviews. 
The interview is an important source for collecting data, and the interview may take 
several forms (Yin 1984).  However, in order to achieve quality in data collection, 
interviews must be carefully planned. Maxwell (1996) describes the following steps 
needed to be included: purpose, conceptual context, the forming of research 
questions, methods (including collection and analysis), and validity. Similarly, Kvale 
(1997) asserts that the following steps need to be included in an interview study: 
objectives, planning, interview, coding, analysis, verification and reporting. 
Somewhat similar, they both emphasize the importance of a structure and well 
thought-through methodology for conducting interviews. Furthermore, Kvale (1997) 
evaluates quality and the relevance of the interview by listing the following:  
 

•  The number of spontaneous, specific and relevant answers is important 
criteria for a good interview. 

•  Short interview questions and long answers could be treated positively. 
•  The degree of researcher’s involvement in clarifying answers from the 

respondent is important. 
•  An ideal interview should have a continuous interpretation during the 

interview. 
•  The researcher’s attempt to verify personal interpretations during the course 

of the interview is critical. 
•  The interview is self-communicated, a readable story. 

 
In the case of organizations, a theory-in-use must be constructed from observations 
of the patterns of interactive behavior produced by the organization’s individual 
members, insofar as their behavior is governed by formal or informal rules for 
collective decisions, delegation, and membership (Argyris and Schön 1996). There is 
an extensive and longstanding criticism involving the ability to generalize from 
interviews. This is especially true when qualitative data is used. However, as argued 
by Gummesson (1998), the possibilities of generalizing from one single case of 
interviews depends on the comprehensiveness of the measurements that make it 
possible to reach a fundamental understanding of the structure, process and driving forces, 
rather than a superficial establishment of correlations or cause-effect relationships. 
As Fagerström (2004) argues, it is assumed that knowledge is created jointly during 
the interview, between the interviewer and the respondent, and the interpretation of 
the interview is partly done as the interview progresses.  
 
It should be noted that in this research, different national cultures exist (see e.g. 
Hofstede (2001)). This is because many of the cases are derived from, or are a 
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combination from different countries. In parts 1-4 of this research process, the 
cultural effect was not part of the system of study. In part 5, the system component of 
culture was visible as a result. Finally, in part 6, the cultural aspect and project 
success are explicitly focused upon. Through the process of iteration, this component 
became significant for the effectiveness of managing uncertainties.  
  
However, the interviews should always be considered verbal reports only. As such, 
they are subject to the common problems of bias, poor recall, and poor or inaccurate 
articulation. Here again, the difference between espoused theory and theory-in-use 
should be noted. Again, a reasonable approach is to corroborate interview data with 
information from other sources, such as participant observation (Yin 1994). 
 
Data has also been collected through participant observations and action research in 
addition to interviews. Participant observation would then be aimed at gaining an 
inside view mostly during meetings. Meetings have been attended in various levels 
from top management meetings to the single engineering, or functional, meeting. 
Here, the data collection was focused from the more hermeneutic view, i.e. with the 
aim of finding more complex relations and behavioral aspects from within.  
 
Action research implies that the researcher is deeply involved. In this research, the 
conducted research has been made in real time. In other words, the phenomena have 
been studied as they happen. This is in comparison with historical action research, 
where phenomena have been studied retrospectively. The learning products of 
organizational inquiry may take many forms. All forms must include evidence of a 
change in organizational theory-in-use in order to qualify as learning (Argyris and 
Schön 1996, p.16). The real time approach has allowed the researcher to study the 
changes over time. However, as the researcher has been employed in the company 
where most studies have been performed, it is somewhat difficult to separate the two 
data collection approaches. Stated another way, when is it participant observation 
and when could it be called action research?  
 
Secondary material from the studied system has been extensively used during this 
research. Examples include minutes of meetings, statistics, and documents. 
Secondary material is a valuable, rather a stable source of information when studying 
historical development within the system of study. This material has mainly been 
used for collecting data of the system in study. However, it has also been used to 
collect information concerning the surrounding environment (i.e. factors that affect 
the system but which are not part of the system itself). The material can be of highly 
differing quality and character. The role of the action researcher ensures that these 
aspects are kept to the minimum of bias and disinformation. Being part of the reality, 
the material allows the researcher to “read between the lines” in the sense of learning 
the true message behind documentation and other sources of secondary material.  
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2.10 Case studies 

The purpose of case study research is usually systemic and holistic. It is to give a full 
and rich account of a network of relationships between a host of events and factors, 
not just to identify single cause and effect links or piecemeal models (Gummesson 
2000). The case study approach is especially relevant when facing dynamic and 
complex phenomena (Eisenhardt 1989; Arbnor and Bjerke 1997). In this research on 
project risk management, the case study approach is considered relevant since the 
effectiveness cannot easily be measured. That is because the mere application of risk 
management eliminates, or reduces, the phenomena in question; namely, the level of 
uncertainty in projects. In general, case studies are the preferred strategy when how 
or why questions are being posed, the investigator has little control over events, or 
the focus is on a contemporary phenomenon within some real-life context (Yin 1994).  
 
The criticism is frequently made that case research is inferior to methods based on 
random statistical samples of a large number of observations (Gummesson 2000). 
This refers especially to the validity and reliability of the findings. According to 
Fagerström (2004), it is argued that it is important to have a theoretical 
understanding of the background of the problem area before conducting case studies. 
On the one hand, a thorough pre-understanding, as discussed earlier, will improve 
the case study and the ability to state research objectives and research questions. In 
addition, when actually conducting the case study, the method or methods used are 
of great importance. They impact on the ability to evaluate reliability and validity, as 
well as on the ability to generalize from a case study, with its benefits and 
implications. Eisenhardt (1989) also argues this: in order to achieve the aims of a case 
study, several data collection methods are usually combined and the evidence may 
be qualitative, quantitative or both.  
 
As mentioned, generalization in case study research is also a subject of debate. That 
regards both case studies in general and qualitative data in particular. Yin (1994) 
finds it is possible to make analytical generalization from case studies, not statistical 
generalization. The systems approach chosen relates to the system and focuses on a 
holistic view of the system in study. That is, it focuses on the overall system and its 
performance, not on individual activities. It is thus possible that generalizations can 
be made on the system and its including components and relations from a holistic 
perspective, taking into account the surrounding environment. The aim of this 
research is to enrich and continuously add to theories, not primarily to develop new 
theories that can be generalized statistically. The real systems that the creator of 
knowledge aims to describe, explain, and understand are often complex both to 
grasp and to reproduce (Arbnor and Bjerke 1997). Thus, it is important to both 
describe the case carefully and continuously validate the results. The results should 
be validated throughout, not only at the end of the study.  
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The conducted case studies are presented below in Table 1. The case studies are 
further presented in the appended papers. The numbering of the case studies mirrors 
the research process (Figure 6). 
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Table 1: Overview of empirical case studies 
 

Process 
phase 

Objective Method Research 
question 

Object (s) Paper 

IV Study the benefits 
and implications of 
the developed 
model and 
methodology for 
managing project 
risk and 
opportunity. 

- Survey 
- Document 

analysis 
- Informal 

discussions 
- Participant 

observation 

RQ2 
RQ3 

25 persons 
4 projects 

 
A 

VI 
VII 

Develop and study 
the effectiveness of 
a new model and 
methodology for 
managing risk in a 
global project. 

- Document 
analysis 

- Action research 
- Implementation 

& follow up 
- Participant 

observation 

RQ4 Worldwide 
methodology 
Projects in 
seven 
countries 

 

VIII Investigate how risk 
management 
processes can be 
structured to 
manage risk and 
opportunity within 
a project portfolio. 
 

- Interview 
- Informal 

discussions 
- Action research 

RQ5 Seven 
management 
team 
members 
within the 
division 

B 

X Investigate how to 
measure the 
effectiveness of 
project risk 
management. 

- Interview 
- Informal 

discussions 
- Action research 

RQ5 Nine project 
managers 
/directors 
and two 
financial 
controllers 

C 

XIII Investigate key 
factors that 
influence the ability 
of a project to 
manage 
opportunities. 

- Interview RQ6 Eight 
companies 

D 

XIV Investigate the role 
of risk management 
culture and how it 
affects project 
effectiveness. 

- Survey RQ6 15 project 
managers 
working 
since 
beginning of 
research 

E 
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Furthermore, this research has included the development of several models and 
methodologies for managing uncertainty within projects. These method 
development approaches are described in Table 2. The numbering of the 
development approaches mirrors the research process (Figure 6). 
 
Table 2: Overview of method development approaches 
 

Process 
phase 

Objective Research 
question 

Object (s) 

II Develop a model and methodology for managing risk 
and opportunity in the single-project, in parallel with 
the business process 

RQ2 
RQ3 

Division 

VI Together with corporation representatives, develop a 
risk management process for international projects 

RQ4 Transportation 
segment 
 

IX Develop a methodology for managing risk within a 
project portfolio 

RQ5 Division 
(Divisions 
Europe) 

XI Develop a metric for measuring the effectiveness of 
risk management 

RQ5 Division 
(Divisions 
Europe) 

 
All but one research question is described above. The wide and often confused 
concept of risk management, stated in RQ1, was answered based on an extensive 
initial literature study. 

2.11 Units of analysis 

The unit of analysis in a study is the actual phenomenon you are measuring 
(Fagerström 2004). Adopting a systems approach, the holistic view emphasizes that 
the whole is not the sum of its parts. Consequently, the whole can only be 
understood by treating it as the central object of study (Gummesson 1988). The main 
unit of analysis of this research has been the project risk management process. If the 
work is related to previous studies performed by other researchers, similar units of 
analysis may be an advantage, as comparison is possible (Yin 1994, p. 25). To adopt a 
systems theory approach will enhance the possibility of finding similar units of 
analysis from similar systems. It is important before the study to define the unit of 
analysis, since the unit of analysis is related to the way the initial research questions 
have been defined (Yin 1994). As previously described, there are several research 
questions. In relation to that, the main units of analysis seem rather wide. Therefore, 
it important to further and more accurately describe the units of analysis used in this 
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research. The method developments described in Table 2 are prescriptive. Hence no 
research questions have been formed. As such, no unit of analysis has been formed 
either. The selected units of analysis for the conducted case studies are described in 
Table 3. 
 
Table 3: Overview of literature and empirical case studies and related units of analysis 
 

Process 
phase 

Objective Units of analysis Research 
question 

I Study all project risk management related 
literature primarily and learn more about 
risk management in general 

- Project risk 
management State-of-
the-art knowledge 

RQ1 

IV Study the benefits and implications of the 
developed model and methodology for 
managing project risk and opportunity. 

- Benefits of using model 
and methodology 

- Implications with 
developed model 

- Knowledge 

RQ2 
RQ3 

VI 
VII 

Develop and study the effectiveness of a 
new model and methodology for 
managing risk in a global project. 

- Stakeholder needs 
- Process efficiency 

RQ4 

VIII Investigate how a risk management 
process can be structured to manage risk 
and opportunity within a project portfolio. 

- Stakeholder needs 
- Requirements 
- Project portfolio 

management 

RQ5 

X Investigate how to measure the 
effectiveness of project risk management. 

- Stakeholder needs 
- Process effectiveness 

RQ5 

XIII Investigate key factors that influence the 
ability of a project to manage 
opportunities. 

- Factors influencing 
opportunity 
management 

- Risk management 
- Information 

RQ6 

XIV Investigate the role of risk management 
culture and how it affects project 
effectiveness. 

- Cultural aspects 
- Project effectiveness 

RQ6 

2.12 Estimating the quality of the conducted research 

There are different ways of estimating the quality of the research conducted. The 
most common criteria used are validity and reliability. Validity means to what degree 
a method used investigates what it is supposed to investigate. Reliability means the 
ability to produce the same results if the study is replicated. Measurements of quality, 
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in terms of validity and reliability, stem from the positivistic paradigm and natural 
science. There, such measures of quality are quite straightforward and logical. The 
established criteria are mainly rooted in the positivistic paradigm. They resemble the 
specifications used for the incoming inspection as a warehouse when a shipment of 
standardized mass-produced components is being checked (Gummesson 1988). 
However, for the selected systems approach these measurements need further 
clarification. A relevant argument from Gummesson (1988, p14) should be noted. 
There he states that the choice used to assess the quality of research is governed by 
the scientific paradigm.  
 
Knowledge developed by the systems approach does not become general in the same 
absolute way as knowledge developed by the analytical approach. Theoretical 
knowledge becomes related to one or several types of systems or to specific systems 
phenomena. As such, we can speak about systems-dependent knowledge (Arbnor 
and Bjerke 1997). The understanding of validity is thus that this research would be 
valid within similar contexts and systems. Systems are not always static. They will 
change construction based on empirical findings within the system, planned or 
unplanned changes within the system or in the surrounding environment. For 
example, when the studied company merged with its largest competitor in 2001, the 
surrounding environment of the system was changed in what Arbnor and Bjerke 
(1997) defines as a paradigmatic transformation.  
 
Because the systems approach is not as quantitatively oriented as the analytical 
approach, the result could be argued as not being reliable. However, such precision 
is also not considered worth aiming for. The important aspect is what a measurement 
can be used for, not the way a measurement was made or its precision (Arbnor and 
Bjerke 1997). In so stating, the two authors join forces with Juran (1982) who asserts 
that quality is fitness for use. 
 
Gummesson (1988) describes three important criteria to understand when 
conducting high quality business research: 

•  Access; refers to the opportunities available to obtain empirical data (real 
world data) and information. 

•  Pre-understanding; refers to the previously acquired insights into a specific 
problem and social environment. 

•  Methods; refers to which methods have been used (especially case study and 
action research are focused upon). 

 
By having the role of an industrial doctorate student while simultaneously being 
employed by the company in study (in all cases but one) the criteria of access has 
been addressed. Access to individuals within the system or outside in the 
surrounding environment, to meetings, to the system itself, to documentation 
confidential or open, and to senior and top management provides the required 
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prerequisites for access. Furthermore, the explicit interest in and requirement from 
the company itself regarding the result of the research create close to optimal 
conditions. In the case study in phase XIII, access was gained through the 
membership in a Swedish project management network. However, the individuals 
interviewed were not necessarily part of the network. Those who were a part 
ensured access to employees and open documentation. Furthermore, the respondents 
were aware of the researcher’s role and the relation to the network. As such, the 
respective company network member introduced the researcher to the respondent. 
  
Knowing conditions within a company, industry, market so on are all important 
aspects of pre-understanding. In the role of the industrial researcher, such aspects 
come naturally, since the researcher is a part of the company. However, if the 
research starts at the same time as the employment, the researcher will have the 
access but not necessarily the pre-understanding. In this case, the company already 
employed the researcher when the research started. Hence the pre-understanding 
could be considered high. For the case study in phase XIII, no pre-understanding of 
the respective companies was present. However, the pre-understanding of the 
problem and the system in study was extensive.  
 
The method of case study research has previously been presented. In action research, 
the researcher is expected to produce “usable research.” This is defined as research 
that may be applied to real life situations and be helpful to the practitioner 
(Gummesson 1988). Furthermore, the quality is assessed in relation to the way the 
research results are perceived as facilitating the solution of an actual problem 
(Gummesson 1988). In this research, four methods and methodologies were 
developed.  
 
The project risk management process developed in phase II was implemented in 
several projects within Europe. However, the merger took place during that time; 
hence the lack of feedback and empirical verification of the process in use. In phase 
VI, a worldwide process for managing risk and opportunity in international projects 
was both developed and implemented. The researcher’s role was to be both the 
expert in the field of risk management and the action researcher / internal consultant. 
Furthermore, the role of the researcher was to conduct training and hands-on 
implementation in several projects in seven European countries. Previously 
developed models, tools and methodologies were used as a base for further 
development. This process was later verified with a developed metric, Risk 
Management Maturity Index (RMMI).  
 
Models and methodologies and the effectiveness metric developed in phases IV and 
VI were verified through a pilot study of 16 European projects. None of the model, 
methodology, and the metric developed was further implemented into the division. 
However, other divisions within the transportation segment have adopted the 
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developed methods and metric. It is argued, however, that the existence of project 
portfolio management is an espoused theory. The theory-in-use resembles more a 
multi-project management focusing on a more consolidated financial understanding. 
A change in theory-in-use did not at the time fit the view of the division, since other 
areas of project management were considered more important to focus on.  
 
The action research method implies several challenges. On the positive side, you 
have full access to the system of study and its surrounding environment. You are 
seen as a friend not a threat. You are also seen as someone about whom complaints 
could be made on issues related or non-related to the system. You also become a 
person who individuals within or outside the system think is able to affect the 
situation of the individual. These attributes require the researcher to have the ability 
to interpret and create objective knowledge, to adopt a holistic view, and not react to 
strong individual requirements and suggestions. Instead, it is the role of the action 
researcher to find other objective reality systems that prove the same finality 
relations.  
 
In conclusion, achieving validity and reliability of case studies with a systems 
approach is a non-trivial task. The requirement cannot be solely seen in a positivistic 
view without accepting the more holistic view of the systems approach. The 
researcher tries to seek finality relations, i.e. relations among purposeful forces and 
their negative or positive results. The relationships are not necessarily deterministic 
or stochastic. Validity would be related to particular contexts and in similar systems. 
Reliability cannot be seen as important within a systems approach since the objective 
reality in business situations changes frequently. Thus, reliability would be difficult 
to achieve. Generalization is frequently argued as impossible for different types of 
systems and interaction patterns. However, the aim of a single case study is to reach 
a fundamental understanding of the structure, process and driving forces, rather 
than to establish correlations of cause-effect relationships (Gummesson 2000).  
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Section II 
The Research Journey 

 
 

This section presents the research journey traveled in this research. The research 
journey is described in six steps. In each step, the industrial situation and problem 
areas are described. The related research and conducted studies are then presented. 
When applicable, the development of methodologies is also described. For each step, 
the research results are summarized. 
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Part One 

 
 
 
In this chapter, the start of the research journey will be described. An introduction to 
the problem and the start of the research project are first described. Risk 
management theory and empirical findings are then portrayed. Finally, the results 
from this part of the journey are chartered. The structure in this chapter will be 
followed in all the following chapters when describing the research journey. Because 
this part, time wise, represents a substantial amount of the research project and that a 
comprehensive view of risk management from a theoretical perspective is needed to 
understand risk management, this chapter is more extensive compared to the 
succeeding chapters. 
 
Part 1 of this research started with a combination of experience and a literature 
survey regarding related risk management literature. The knowledge gained was 
then used to define a system upon which further research was based. This resulted in 
a descriptive process for managing uncertainty in the single-project perspective. 
 
The system of study was the developed risk and opportunity management process. 
This process was modeled in parallel with the platform development- and the 
bid/tender process used. The system is an open system studied in the context of its 
environment, as illustrated in Figure 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: The open system of study during part 1 of the research, where it is modeled in 
parallel with the environment 
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3. Risk Management in the single 
project 

 

3.1 The industrial situation  

This project was realized as a result of previous work handling risks and 
opportunities in projects. The previous work within the company showed that there 
was a lack of handling uncertainties within platform6-, tender- and order execution7 
projects. Although there were a few projects actively trying to handle risks and 
opportunities, there was no consistent and structured model in place. At the time of 
the start of the research project, the company was an international yet nationally 
controlled engineering company. In other words, it had strong focus on the 
engineering of products through the use of local and inherited national 
methodologies. Hence, there were two major processes: the product development 
process, above named the platform development process. This was the case since all 
products were considered platforms with features similar in each application but 
destined for different customers and for different operating conditions. The second 
process was a tender- and order execution process used for the commercial activities 
before the award of order and the succeeding project execution activities, which, 
since the product already was developed, was more of “putting the product 
together” (i.e. procurement and assembly).  
 
As the focus was on platform development, the need for ensuring a uniform and 
multi-purpose product platform was important since there was virtually no 
development during the execution phase. At the time, increased concern was raised 
from senior management that the cost of mistakes would severely reduce the 
competitiveness of the company. Several audits of development projects were 
undertaken, and the results were disappointing. Too many costly mistakes in 
platform, tender, and order execution projects called for a common process for 
handling uncertainties. The main concern was that platform, tender, and order 
                                                 
6 Platform is defined as a set of components shared by several product models. 
7 Tender and order project is the process used to define the commercial activities before an order is awarded and 
the realization of that order into a product for the customer. The terminology used in succeeding chapters of this 
thesis will be bid project and realization project. 
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execution projects were not able to handle all issues of uncertainty. Whether it 
concerns technical aspects or project management, customer related or 
manufacturing projects did not have a structured approach towards the handling of 
uncertainties. Such an approach was considered vital for the success of projects in the 
environment the company faced.  

3.2 Relation to research questions 

Based on the industrial situation and the problems experienced in product 
development projects and tender and order projects, the following research questions 
were formed: 
 
Q1:   How is risk management perceived in a global context and how does it relate 

to the handling of risk and opportunities from a project perspective? 
 
Q2:  How does the PROM process help the handling of risks and opportunities in 

the organizational setting?  
 
Q3:  What are the benefits and implications of implementing a parallel process for 

handling uncertainties in a single project perspective? 

3.3 Related theory of project risk management 

Entering the world of risk is a somewhat confusing experience. A short description of 
historical proportions is presented below, followed by the traditional way of viewing 
risk within an industrial environment and, specifically, within a project. Furthermore, 
such theory is included to give an overview of the focus on product development. 
Additional theoretical foundations will be described in each of the parts of the 
research journey as they form the base for the continuation of the journey. 

3.3.1 A historical journey of risk and uncertainty  

Risk has been present in our lives since the beginning of times. Although, they have 
not realized it as a risk, people have always found the presence of risk a part of daily 
life. Risk is related to uncertainty. Uncertainty has a long documented history, 
stemming back to the ancient Greeks where Socrates8 defined the Greek word eikos as 
“likeness to truth” (Bernstein 1996). During the last centuries, risk and uncertainty 
have been present as concepts, although sometimes described both widely and 
dispersedly. It was not until the last century that risk and uncertainty became 
concepts bound to economy and used ever since. After World War I, the use of the 
concept started to become really interesting. Frank Knight (1885-1972) was the 
                                                 
8 Socrates. Greek philosopher (470-399 B.C). 
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pioneer in the area of risk and uncertainty. In 1921, Knight published his doctoral 
dissertation, which deals explicitly with decision-making under conditions of 
uncertainty (Leroy and Singell 1987). Knight’s thesis is considered the foundation of 
modern thinking on risk and uncertainty. Furthermore, during that period, another 
pioneer was involved in these concepts. John Maynard Keynes came to similar 
conclusions on risk and uncertainty as Knight. Since his book entitled A Treatise on 
Probability, in which he states “Perception on probability, weight, and risk are all 
highly dependant on judgment” … “the basis of our degree of belief is part of the 
human outfit”, and his book titled The General Theory, Keynes and Knight have been 
considered pioneers in risk management (Bernstein 1996). However, Nobel Laureate 
Kenneth Arrow has conducted impressive research on the phenomenon of trying to 
cope with the uncertainties we face and the risks we take. Bernstein9 (1996) describes 
Arrow as the father of the concept of risk management as an explicit form of practical 
art. As the subsequent parts in the research journey will show, the modern concept of 
risk and risk management is wide and disperse.   

3.3.2 Risk and risk management – some relevant definitions 

The concept of risk management is widespread, having various meanings and 
disciplinary belongings. Definitions have different focus and are based on different 
assumptions and directions. Below, some definitions are described and discussed on 
the basis of the author’s perception of risk, opportunity, and risk management. 

3.3.3 Definitions of risk 

What is risk? There are numerous definitions of what risk is, what it involves, and 
who the carrier of risk is. Definitions of risk, focusing solely on definitions originated 
from the conceptual common area of industrial risk management, are described and 
discussed. 
 
Several researchers (e.g. Miles and Wilson 1998, Mullins et. al. 1999, and Williams 
1995) argue risk as being an exposure or a probability of the occurrence of a loss. This 
thereby defines risk as an adverse factor influencing the success of any situation 
where it is present. 
 
The general meaning of the word risk implies a negative attitude towards the 
environment in question, when put into context. Miles and Wilson (1998) define risk 
as a barrier to success. Hertz and Thomas (1984) argue that risk is related to concepts 
of chance such as the probability of loss or the probability of ruin. Sitkin and Pablo 
(1992) capture the definition of risk in three key dimensions: outcome uncertainty, 

                                                 
9 Although not based on scientific research, Peter L Bernstein (1996) has presented an excellent story of risk in 
his book Against the Gods.  
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outcome expectations, and outcome potential. When seen out of context, risk cannot 
be considered negative, nor be seen as a happening, an event or a state.  
 
On the other hand, risk is sometimes suggested to have another meaning, namely a 
positive effect. As well as being considered an adverse event or effect, Jaafari (2001) 
defines risk as exposure to loss/gain, or the probability of the occurrence of 
loss/gain multiplied by its respective magnitude. PMBOK (2000, 2004) defines risk as 
an uncertain event or condition that, if it occurs, has a positive or negative effect on a 
project's objectives. When put into context, it seems that risk can have a two-
dimensional meaning (namely, a negative as well as a positive implication). It is, not 
surprisingly, of great interest to be able to separate the meanings of risk. Since most 
definitions consider risk negative wording it is quite often proposed to separate the 
contradictory meanings of risk, allowing opportunity to be considered the positive 
wording of a positive implication. 
 
According to Hertz and Thomas (1984), risk means both uncertainty and the results 
of uncertainty. That is, risk refers to a lack of predictability about structure, outcomes 
or consequences in a decision or planning situation. This brings a whole new 
dimension into the definition of risk. Is there any difference between risk and 
uncertainty? Yeo (1995) argues that the terms "risk" and "uncertainty" are sometimes 
used interchangeably, meaning that there is sometimes no difference. Mullins et al. 
(1999) define risk as the degree of uncertainty and potential loss that may follow 
from a given behavior or set of behaviors. In classical decision theory, risk is most 
commonly conceived as reflecting variation in the distribution of possible outcomes, 
their likelihoods, and their subjective values (March and Shapira 1987). 
 
Thereby, it seems as if risk is considered the uncertain likelihood of something. Such 
an explanation might not be beneficial for most researchers or practitioners in the 
field of risk management; diffusion, confusion, and refutation are likely to follow. 
Therefore, it is suggested to view risk and opportunity as being derived from 
uncertainty. Uncertainty in a business situation is often expressed verbally in terms 
such as "it is likely", "it is probable", "the chances are", "possibly", etc. This is not 
always very helpful because the words themselves are only useful when they convey 
the same meaning to all parties (Doctor et al. 2001). As risk or opportunity is 
considered neither negative nor positive, nor seen as a happening, an event or a state, 
the only thing one can then conclude is that risk and opportunity is uncertain if not 
put into context. Therefore, the conclusion would be that risk and opportunity are 
uncertainties until they are set into context, such as is done when e.g. identifying or assessing 
risks and opportunities, for example, as illustrated in Figure 8. 
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Figure 8: Risk and opportunity are considered to derive from uncertainty. It is not until an 
uncertainty has been set into a specific context that you can see if it is to be treated as a risk or 

an opportunity 
 
Frank (1999) describes uncertainty as either 1) aleatory uncertainty (from the Latin 
alea, meaning die (pl. dice), i.e. having to do with chance) or 2) epistemic uncertainty 
(having to do with knowledge). Although separation of uncertainties into types has 
little theoretical underpinning, the advantage of separating aleatory from epistemic 
uncertainties, because they are treated differently in practice, appears to be 
recognized (Frank 1999). Following the two categories of uncertainty, illustrated in 
Figure 9, it could be concluded that risk and opportunity, out of context, can be seen 
as either aleatory or epistemic uncertainty.  
 
 
 
 
 
 
 
 
 

 
Figure 9: Differentiation between aleatory and epistemic uncertainty 

 
Sitkin and Weingardt (1995) define decision risk as “the extent to which there is 
uncertainty about whether potentially significant and/or disappointing outcomes of 
decisions will be realized”.  

In a general meaning, if you would ask anyone, the presumable reflection upon the 
concept of risk is that it is something that is threatening and may lead to a negative 
impact in some way.  
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3.3.4 Definition of risk management 

The management of risks differs as well as the definitions. Also, the meaning of 
management is portrayed in the context of risk, derived from different viewpoints. 
At the simplest level, risk management would be defined as the activity of taking 
care of, understanding, leading, handling, or being in charge of risk. Below, different 
researchers´ definitions and discussions about risk management are presented. 
Although the wording risk management is used, it is to be considered as a part of the 
author's conception of uncertainty management. Uher and Toakley (1999) define risk 
management as a procedure for controlling the level of risk and mitigating its effects. 
 
PMBOK (2000) defines risk management as the systematic process of identifying, 
analyzing, and responding to project risk. It includes maximizing the probability and 
consequences of positive events and minimizing the probability and consequences of 
events adverse to project objectives. This and other definitions now include a process 
for managing risks. Budgen (1999) views risk management as compassing a process 
of identifying potential challenges to an acceptable set of circumstances, evaluating 
the possible impact of those challenges, and then developing a strategy for managing 
or improving the situation. One distinction made by Budgen (1999) is that a strategy 
for managing or improving the situation should first be made, as stated, when 
potential challenges and their impact are evaluated, thus pointing at the needlessness 
of having a strategy for risk management from the start. Ward and Chapman (1995) 
clearly point out that as the project starts, risk management needs to be an on-going 
process - risk analysis alone is not sufficient. Smith (1999) argues that effective risk 
management in a project follows two principles: 1) Start on it at the very beginning of 
the project and 2) Go well beyond technical areas to capture anything that could 
impact on the success of the project. Contradictory to Budgen (1999), Smith (1999) 
advocates having a risk management process from the beginning of the project. 
Smith also points out an interesting issue: the widened scope of risk management. 
New product development processes are complex and involve a variety of 
environmental problems, including changes in technology, customer needs, 
competition and government legislation. These uncertainties lead to dependencies 
between and among different functional areas. They also require input and 
cooperation from different departments to accomplish individual and joint objectives 
(Song et al. 1998). Halman et al. (1999) argue that when risk analyses are performed, 
they often tend to have a one-side orientation toward exclusively technological, 
organizational or commercial factors. The success of a product innovation project, 
however, is determined by external influences as well as by internal circumstances in 
which technological, organizational and business risk factors interact. 
 
Several researchers (See, for example, Hartmann and Lakatos (1998), Jovanovic (1999), 
and Chapman et al. (2000)) have contributed to widening the scope of risk 
management in areas such as technology, investment and bidding processes, not 
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directly and intentionally widened the scope. However, their isolated research, when 
combined, contributed to doing so. Risk Management relates to the management of 
the company as a whole (Artto et al. 2000). 
 
Risk management, therefore, is suggested to include a process that starts considering 
risks and opportunities as early as possible, including cross-functional cooperation 
and the extended view. Since risks and opportunities can be considered as 
uncertainties when not put in context, an alternative way could be to name it the 
handling of uncertainties, or uncertainty management, rather than risk management. 
As the journey continues, the meaning of uncertainty management will become 
clearer. 

3.3.5 Product development 

The economic success of manufacturing firms depends on their ability to identify the 
needs of customers and quickly create products that meet these needs and be 
produced at low cost. Achieving these goals is not solely a marketing problem, nor is 
it solely a design problem or a manufacturing problem; it is a product development 
problem involving all of these functions (Ulrich and Eppinger 1995). Product 
development, therefore, is of vital interest for companies whether they produce 
products, services or software. Product development is comprised of the 
development of design of a new product in concert with the plans for its production, 
distribution and sales (Roosenberg and Eekels 1995). There are numerous models for 
developing products, many of which focus on the design procedure and are based on 
the development of complex engineered products. 
 
While the potential opportunities to be realized in developing new products and 
processes are exciting, making them happen is a demanding challenge. New product 
or process development entails a complex set of activities that cut across most 
functions in a business (Wheelright and Clark 1992). Ulrich and Eppinger (1995) 
define three functions that are almost always central to a product development 
project. They are marketing, design and manufacturing. As well as the complexity of 
product development and its cross-functional connection throughout functions 
within an organization, the forces driving product development are many. 
Wheelright and Clark (1992) pinpoint three driving forces as being particularly 
critical: 

•  Intense international competition. 
•  Fragmented, demanding markets. 
•  Diverse and rapidly changing technologies. 

 
It is important to find how a project risk management methodology can be effective 
in a product development project. To be able to find what constitutes effective 
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product development (PD), four investigations of key success drivers are summarized 
in Table 4. This gives an overview of what is considered important in successful PD.  
 
Table 4: Success drivers in PD (adapted from Beskow 2000) 
 
Griffin (1997) Wheelright and 

Clark (1992) 
Cooper (1993) Beskow (2000) 

•  Measure the 
performance 

•  Implement more 
sophisticated formal 
processes 

•  Start a product 
development process 
with a strategy-
setting activity that 
outlines goals and 
objectives for the 
project 

•  Have more front-end 
activities 

•  Drive the product 
development 
through specific 
strategies (start only 
the right projects) 

•  Use more multi-
functional teams in 
all types of projects 

•  Reward teams non-
financially both 
publicly and 
privately, in multiple 
ways 

•  Quickly implement 
new market research 
and engineering 
design tools 

•  Clear objectives 
and shared 
understanding 

•  Customer 
focus 

•  Focus on time 
to market 

•  Testing and 
validating 
designs before 
hard tooling 

•  Cross-
functional 
problem 
solving 

•  Strong 
leadership 

•  Market-driven and 
customer focused 
new product process 

•  International 
orientation in 
product design 

•  Large pre-
development work 

•  Sharp and early 
product definition 

•  Right organizational 
structure, design and 
climate 

•  Top management 
support 

•  Market attractiveness 
drives project 
selection 

•  Usage of winner 
product profile to 
sharpen project 
selection 

•  Emphasis on 
completeness, 
consistency, and 
quality of execution 

•  Resources in place 

•  A multistage, 
disciplined new 
product game plan 

•  A more holistic 
view in 
improving 
collaboration, 
where all 
dimensions and 
levels are 
considered 

•  Utilization of 
support tools 
which give 
obvious 
technical 
support that 
facilitates daily 
specific 
engineering 

•  An effective PD 
process should 
encompass eight 
areas of 
importance 

•  PD process must 
continuously be 
analyzed and 
adapted to ever-
changing 
conditions 

3.3.6 The process of product development  

The process of product development most often encompasses several steps, from the 
early beginning of ideas and missions to the very end of product realization and 
production. One way of looking upon the development process is as the initial 
creation of a wide set of alternative product concepts and then the subsequent 
narrowing of those alternatives and increasing specification of the product until the 
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product can be reliably and repeatable produced by the production system (Ulrich 
and Eppinger 1995).  
 
Different prerequisites within companies will affect the design of the product 
development process. Some organizations define and follow a precise and detailed 
development process, while others may not even be able to describe their process 
(Ulrich and Eppinger). However, there are similarities between the extensive bodies 
of prescriptive models for product development. Pahl and Beitz (1988) define the 
main phases in design work as being: clarification of task, conceptual design, 
embodiment design, and detailed design. In Figure 10, Ulrich and Eppinger (1995) 
describe a model that focuses on design related activities, where a sequential 
methodology of consequently narrowing design alternatives while increasing the 
detail of specifications is included. 
 
 

Mission
Statement

Product
Launch

Concept
Development

System-level
Design

Detailed
Design

Testing &
Refinement

Production
Ramp-up  

 
Figure 10: Product development process by Ulrich and Eppinger (1995) 

 
Adopting a wider perspective on product development, Andreasen and Hein (1987) 
describe a model with three different parallel tasks. In it, sales/marketing, design, 
and manufacturing work in parallel in a cross-functional teamwork, which increases 
the efficiency of product development. The model is described in Figure 11. 
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Figure 11: The integrated product development process by Andreasen and Hein (1987) 
 
Further, Andreasen and Hein (1987) argue that the differentiation in complex 
product development can be solved by an integrative approach. Five areas of 
integration are summarized in Table 5. Areas, when considered, would enhance the 
complex and increasingly difficult task of product development. 
 
Table 5: Five areas of integration, summarized from Andreasen and Hein (1987) 
 

Area Integration need 

Tasks Three types of activities - marketing, product design, and 
production should be performed concurrently. 

Time frames Three different time horizons should be taken into account 
simultaneously - long, middle, and short term. 

Management 
levels 

Three different management considerations have to support 
product development - strategic, project, and operational 

Projects Usually companies have several projects of varying size and 
objectives ongoing, and their interplay needs to be 

Development 
activities 

Continuous development of various activities and elements in 
a company must be focused on and controlled. 

3.3.7 Extension of the risk management process 

Several researchers argue the importance of risk management in early stages of 
product development or in the start-up of a project. Williams (1995) argues that 
beyond a certain size, the risks of projects increase exponentially, and that this can 
either be appreciated in the beginning or discovered at the end. Not having a proper 
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PD process in place or uncertainty management process integrated in the PD process 
(or within the organization) at early stages is considered risky in several senses. 
Hartman and Lakatos (1998) state that new and unproven technologies are 
inherently risky in the early stages of PD. The risks usually include a combination of 
technological, manufacturing, financial, and business factors. In industry today, there 
is a focus on separating the PD process and the preceding phases or activities. 
Instead of coping with all aspects of product development within the PD process, an 
increasing number of companies have a separate pre-development phase. It separates 
the development of the product from the necessary work that can be performed in 
advance. Smith (1999) asserts that one should identify risks early in the project - at 
the same time as you create the budget, schedule, and product specification - for two 
additional reasons: good risk management is proactive and the risk level is a basic 
criterion for whether to undertake the project or not. Therefore, risk management is 
suggested to be present so that information on risks and opportunities will form the 
basis for the project itself. 
 
If starting uncertainty management early, it is equally important to discuss how far 
the uncertainty management initiative should stretch. In literature, researchers are 
not discussing the full horizontal scope of uncertainty management - from the very 
early stages to the later concluding ones. Jovanovic (1999) argues that the majority of 
management related problems in an enterprise are experienced under uncertainty, 
with an absence of a priori information necessary for solving those problems. Artto et 
al. (2000) follow this reasoning by suggesting that even the most thorough and 
comprehensive analysis cannot identify all risks and probabilities correctly; rather, 
control and iterations are required, and changes are likely to occur anyway. 
 
Several researchers (See Uher and Toakley (1999), Smith (1999), Chapman et al. (2000) 
or Jafaari (2001), for example) have widened the scope of uncertainty management in 
areas such as technology, investment and bidding processes. In PD, cross-functional 
cooperation and collaboration are important. They extend the functional view to a 
more complete and extensive view, thereby increasing the efficiency. I addition, the 
uncertainty management process would benefit from including input from different 
functional areas. This is because of the extensive nature and the increasingly growing 
complexity of projects and organizations. The problem of uncertainty is largely due 
to the lack of clear problem definition, prior experience, knowledge and information. 
This lack contributes to ambiguity and the inability to predict future outcomes (Yeo 
1995). 
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3.4 Empirical findings from conducted research 

3.4.1 Case study methodology  

To get an overview of the scope of the concept of risk management, a wide approach 
of data collection was adopted, as illustrated in Figure 12. It started with the wide 
approach of collecting quantitative data and gradually, by qualitative analysis, 
narrowed the concept of risk management into conceptually common areas (CCA) 
and focus areas. Based on this approach, one focus area was selected and carefully 
analyzed. The focus area selected was industrial risks, the interest of this research. 
 
A data collection was used to quantitatively capture the extensive data from 
international research databases Elsevier Science Direct ®, IEEE Xplore and ISI Web 
of KnowledgeSM. The database searches were performed using the search term, Risk 
Management. Further, the search was restricted to titles, abstracts and keywords.  
 
Although the concept of risk management is considered wide and vast, a general 
search term such as risk management is considered useful for collecting such a scope. 
The search was conducted in journals only, excluding proceedings and books. This 
was done to gain more extensive literature that is often both peer-reviewed and 
forms the framework of relevant research in the area of risk management. Several 
duplicates were found in all three databases; therefore, the number of search hits will 
differ from the initial search and the later classification into CCAs. 
 
 

Conceptually common areas (CCA)

Focus areas

Industrial 
Risk Management

The wide concept
of risk management

 
 

Figure 12: The research approach used when narrowing the concept of risk management 
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The search criteria include the years from 1987 to 2003. Later, related literature was 
incorporated in the research journey but not summarized in the tables below.  
However, it is argued that the concept of risk management has not changed so 
significantly as to discount the result presented. Furthermore, it is not the intention 
to depict a full view of risk management as far as content is concerned; rather it is to 
reflect on the different concepts of risk management, how it is perceived in different 
industries or sectors, and the fact that different meanings of risk management 
depending on when, where and by whom it is understood. For further reviews of 
risk management, see Williams (1995), among others.  

3.4.2 Risk Management - a concept of various meanings 

Despite considerable research on the concept of risk, confusion over risk's multiple 
meanings has hindered the field's advancement (Palmer and Wiseman 1999). It is 
then natural to first create a view of the explosive development of risk management 
as a concept, to understand the emerging confusion it offers researchers and 
practitioners. Table 6 shows the increasing number of search hits received from three 
separate database searches. 
 
Table 6: The increased attention on the concept of risk management, as indicated from 
database searches. Three databases were used for the search, and the results are presented for 
each database. The search term was “Risk Management.” 

Title T,A,K
Year Elsevier ISI Elsevier ISI IEEE Total Total
1987 18 18 18 18
1988 21 21 5 26 26
1989 31 31 5 36 36
1990 32 32 5 37 37
1991 42 82 7 49 89
1992 31 79 10 41 89
1993 26 85 8 34 93
1994 42 116 9 51 125
1995 52 32 143 127 22 106 292
1996 29 53 124 193 19 101 336
1997 45 67 163 203 20 132 386
1998 30 59 159 218 22 111 399
1999 35 64 231 212 41 140 484
2000 36 132 123 272 31 199 426
2001 39 119 131 311 24 182 466
2002 36 145 139 366 36 217 541
2003 53 145 200 480 30 228 710

Title only Title, Abstract, Keyword
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There is a great increase in the number of articles written regarding risk management. 
The year 1994 to 1995 is of particular interest for two reasons. Firstly, there is a very 
distinctive fifty-seven percent increase in literature fitting the search criteria. 
Secondly, the database Elsevier Science Direct ® starts to include papers regarding 
risk management in 1995. So, it is quite clear that interest in the concept of risk 
management experienced an almost vertical trend during that period of time. 
Nevertheless, from 1995 to present that trend has continuously been in favor of the 
interest in risk management. Knowing the interest in the actual concept, one 
immediately finds oneself questioning the relevancy of these results. Is data 
presented above really relevant and could it really be the case? It is proposed that the 
distribution of the concept could be correlated to the increased number of 
appearances in journals. To get an understanding of the concept of risk management, 
one must first get an idea of how diversified the perception is. The suggested 
understanding of the risk management concept differs, depending on: 
 

(a) In which forum the term is used. 
(b) In which context the term is used,  
(c) In which situation the term is used, and  
(d) In which type of profession the term is used. 

 
In order to structure the information, the results were categorized into so-called 
Conceptually Common Areas (hereafter abbreviated as CCAs), as described in Table 
7. 
 

Table 7: The Table shows the number of hits sorted into the different conceptually common 
areas (CCAs) of Risk Management 

CCA Elsevier ISI IEEE Total
Safety & Health risks 298 367 44 709
Ecological & environmental risk 340 409 12 761
Medical risks 260 372 8 640
Economical & financial 254 326 40 620
Specific risks 133 133 94 360
Industrial risks 169 166 66 401
Security & facility risk 76 34 37 147
Food risks 43 88 0 131
Ergonomic risks 10 2 0 12

 
 
The CCAs in Table 7 provide a view of the risk management concept as a whole. As 
this research focuses on the industrial setting, the CCAs for industrial risks will be 
described. For a description of the other CCAs, see Olsson (2001). 
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Industrial risks  
(a) Industrial risks involve all aspects of risks derived from industrial activities, 

ranging from detailed risk techniques to the top management of risks. 
(b) They occur mainly in the context of software project and general risk 

management for industrial activities and there primarily in product 
development. 

(c) They are frequently used when describing methods for risk management in 
software development and in project management. Other frequent areas are 
analysis techniques and managing risks in business. 

(d) Finally, they are primarily used by software development engineers, risk 
analysts and for managing risks in a single project from a project management 
perspective. 

 
The complexity of the concept of risk management becomes evident when 
categorizing into different CCAs takes place. While there is an increasingly diverse 
perception among researchers, it is crucial to understand what the term risk 
management means. While considering the categories of CCAs, the interest of the 
author’s own research finds itself in industrial risks, initially in complex product 
development organizations. Hence, the conceptually common area of industrial risks 
was further explored so that a distinction could be made as to whether all or some 
areas contribute to that interest. As seen in Table 8, the CCAs include different areas 
of focus within the concept of industrial risks. The researcher has classified data on 
industrial risks CCAs into 13 focus areas. 
 
Table 8: Focus areas in Industrial risk CCAs. The Table shows the industrial risk 
management hits sorted into 13 different focus areas 

Focus areas in Industrial risk management Elsevier ISI IEEE Total
Software Risk Management 28 51 32 111
Project Risk Management 43 27 11 81
General Risk Management 20 24 8 52
Risk analysis techniques 13 19 9 41
Risk Management in Decision making 7 3 4 14
Business Risk Management 8 18 2 28
Risk Management in process/ manufacturing 8 8 1 17
Risk Management in Quality 4 2 6
Risk Management information/communication 3 5 1 9
Research and Development 6 11 3 20
Strategic Risk Management 5 8 13
Portfolio Risk Management 2 2 1 5
Political Risk Management 2 2 4

 
 
To gain more insight into these focus areas, a short description of each is given below. 
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Software risk management 
This is the management of risks, primarily when developing software for 
industrial and for other business use. Also computerized tools for both software 
risks and tools for managerial support is part of this focus area. 

 
Project risk management 

Shown mostly from a single project perspective, it is the management of project in 
terms of the handling of risks.  Methodologies, obstacles and success criteria are 
presented. 

 
General risk management 

Includes issues on risk not primarily related to projects. Instead, different views on 
managerial models, organizational issues and briefly risk management in 
decision-making are presented. 

 
Risk analysis techniques 

Describes different techniques, both qualitative and quantitative, for analyzing 
risks. Focuses on the process of analysis, the methodology, and different tools that 
can be used for analyzing risks. 
 

Risk management in decision-making 
Risk management mostly seen from a managerial and decision-making 
perspective. It describes how risks are seen in decision-making situations and how 
managers or decision-makers perceive risks. 
 

Business risk management 
Describes risk to the management of the business itself. Mostly it describes the 
risks in the complex business environment from a top manager's perspective. 

 
Risk Management in process/manufacturing 

Focusing solely on process and manufacturing. For processes, risk management 
is described for the physical process of manufacturing, which risks are present 
and how they can be anticipated. Risks associated with manufacturing 
equipment are included. 
 

Risk management in quality 
Mostly describes the risks related to quality aspects within an industrial or 
organizational setting, such as risks to quality theories and quality methodologies. 

 
Risk management in information and communication 

Mainly describes the importance of information and the communication of risks 
and risks as consequences of poor information and communication. 
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Research and development risk management 
Describes the importance and specifics of developing new technology products 
and products derived from the organization's own research. 

 
Strategic risk management 

Mostly describes the risks for specific strategies (how to include risks as a part of 
the corporate strategy). 
 

Portfolio risk management 
Describes the handling of risks when viewing the portfolio of projects within the 
organization. Also, this area regards risks in competitive environments. 

 
Political risk management 

Describes industry facing heavy governmental risks. As only one hit was 
accounted for in this area, it is difficult to explore the area as a whole. 

3.5 Research results – part 1 

3.5.1 Development of Project Risk and Opportunity Management (PROM) 

As the company studied was about to implement a new Business Process (BP) along 
with the Quality Gate methodology (QG) (see Figure 13), a structure for handling 
uncertainties more satisfactorily was found. The Quality Gate methodology offers a 
way of following up on issues or actions that previously have caused a negative 
impact, primarily in projects. The Quality Gate Review assesses those issues in a 
structured and effective manner.  A three-level result ensues, where red and yellow 
results are considered potential and/or real risks that have to be handled in a 
structured manner. This methodology resembles the stage gate methodology 
developed by Cooper (1996). However, as this BP only reviewed potential problems 
at the quality gates, the methodology of identifying and properly reacting to 
uncertainties time wise was not considered efficient. The general agreement was that 
if project uncertainties would be identified in the quality gates, it would require a 
much too detailed review. This would make the quality gate reviews too long in 
duration and cause a lack of overview of the project itself (e.g. overall objectives, 
design suggestions and solutions, project plans and budget).  
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Figure 13: The previous platform development process and the tender- and order execution 

process in the studied company 
 
To complement and in more detail manage the uncertainties faced by the project, a 
model for handling risks and opportunities in a single-project perspective was 
developed. The model was designed to interrelate to the existing product 
development process. Since the product development process is based on the use of a 
stage gate methodology, identified risks and opportunities serve as one of the inputs 
to the PROM process (see figure 14). 
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Figure 14: The input of red and yellow issues from Quality Gate Reviews into the PROM 
process as identified risks/opportunities 

 
The main focus of this methodology is to actively capture uncertainties (that is, issues 
not yet assessed) that could turn into risks and/or opportunities. These uncertainties 
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are not known in advance, as illustrated in Figure 15. If such uncertainties are known 
in advance, they will form the base of the Quality Gate checklist. However, for 
uncertainties that can arise anytime during the project progress, a model must exist 
along with a methodology to handle them effectively. The model, described in Figure 
16, was developed as a complete package, ready to use in any project within the 
company. 
 
 

• Changes in Business prerequisites
• Customer interactions difficulties
• Organizational interaction difficulties
• Co-operation, internally/externally
• Cultural disagreements 
• The limited ability to test, validate and build prototypes

Major uncertainties known in advanceUncertainties included in 
QG-checklists

Uncertainties not known 
in advance

 
 
Figure 15: The distribution between uncertainties known in advance and included in Quality 

Gate checklists and uncertainties not known in advance 
 
PROM serves as a means of capturing, identifying, analyzing, and responding to 
mitigating activities for risks and opportunities. Such uncertainty stems from two 
different sources: the project team (including the influences from external factors) 
and the stage gate methodology. Uncertainties from the project itself deriving from 
the more dynamic project environment are captured and handled. Uncertainties from 
the stage gate methodology derived from the assessment of pre-defined lists are used 
as an input to the PROM process.  
 
The interrelation with the product development process is suggested to have a 
positive impact on the overall handling of risks and opportunities in a single-project 
perspective. Project risk and opportunity management are administrative activities; 
therefore, the success of the handling depends on the approach of the project 
management team. However, if this model is developed in a manner similar to the 
way in which the existing product development process is done, thereby assisting in 
the administrative work, this model is suggested as having a positive impact on the 
handling of risks and opportunities. 
 
The interaction of risks and opportunities between the PROM process and the 
Quality Gate methodology works two ways. Firstly, Quality Gate Reviews inputs 
into the PROM process as already identified risks or opportunities. Secondly, the 
PROM process delivers a list of risks where action is in progress. For those, a 
monitoring function in the database automatically shows which risks and/or 
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opportunities would be suitable to include and assess in the forthcoming Quality 
Gate Reviews. 
 
At Quality Gate Reviews, deliverables and key deliverables are assessed regardless 
of whether they possess a threat, or opportunity, to the project result. As they are 
assessed in a three-stage result, the red and yellow results will call for further 
attention. The PROM methodology provides the attention required. It enables the 
proper storing, handling, action planning, monitoring and closing out of risks and 
opportunities. 
 
Input from the PROM process into the Quality Gate Review is based on the progress 
of already analyzed risks and opportunities. When risks and opportunities are 
identified, analyzed and when action to mitigate, eliminate risks and realize 
opportunities is identified, the risks and opportunities will be monitored by the 
monitoring functions within the database. Because they are shown as due dates for 
completion, they are easily tracked. Therefore, they can form input, if considered 
necessary, into the Quality Gate checklist for every review. Once included in the 
checklist, they will be assessed in terms of progress and residual risks, affecting the 
project result. As with other deliverables they will be treated as issues that need to be 
assessed. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Issues forming a complete package, ready to use in any project within the company, 

supporting the model for PROM 
 
The overall result of the research in the first stage of the journey is presented below: 
 

•  There is an instruction describing the methodology of handling project risks 
and opportunities. Responsibilities and the scope of the methodology are 
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described within this instruction. Furthermore, the methodology of handling 
risks and opportunities in a three-step model is described, along with the in-
depth descriptions for identifying, analyzing and mitigating risks and 
opportunities.  

 
•  To support the methodology and to make it easy to use, a database has been 

developed. In it, identification, analysis and mitigation of both risks and 
opportunities are handled. The database is designed in Lotus Notes and 
includes access regulations and security features suited for every possible 
project. 

 
•  The database also includes a Lotus Notes checklist of issues that have 

previously caused negative impact to projects. The checklist consists of 
questions that project members should ask themselves when entering the 
various steps in the Business Process and Quality Gate methodology. 

 
•  A manual for handling the database is developed for ease of use in projects. 

Simple descriptions and step-by-step instructions make the handling of the 
database easy. 

 
•  To conclude the package of this model, an educational program has been 

developed. The program describes the need and the methodology for 
handling risks and opportunities in a single project. 

3.5.2 Putting PROM to use 

The implementation of the developed model and methodology was implemented in 
four pilot projects within the company. The implementation was accompanied by a 
training session and the installation of the risk database, to be used by the project 
managers, or assigned person within the project. The implementation also included 
support through the first months of practice. Since experience from the pilot project 
was important, a case study was conducted to answer the following research 
questions:  
 
Q2:  How does the PROM process help the handling of risks and opportunities in 

the organizational setting?  
 
Q3:  What are the benefits and implications of implementing a parallel process for 

handling uncertainties in a single project perspective? 
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3.5.3 Case study 

The purpose of this case study was to investigate how the handling of risks and 
opportunities correlates to the Business Process and Quality Gate methodology and 
find out if and what would be required to integrate these processes. The secondary 
purpose was to collect and analyze the concerns and reactions to the implementation 
of the Business Process and Quality Gate methodology and also see what would 
make this implementation more efficient. Collecting such information and comparing 
it to today's routines within the company helped find an unbiased view of 
prerequisites. The result of the case study would form the basis for how to best 
improve the handling of risks and opportunities, primarily, in our projects. 

3.5.4 Case study methodology 

This investigation does not cover the contents of the Business Process and Quality 
Gate methodology. The contents and usefulness as a process were not questioned. It 
only reflects the handling of risks and opportunities and the needs and concerns for 
the use of it. The investigation covered five different areas all with the purpose of 
getting an overall picture of the needs and concerns regarding the handling of 
uncertainties within the company. It also reflected interface necessary for success, the 
interface of handling risks and opportunities between the line organization and the 
project organization as a whole. This interaction will further be investigated during 
the progress of the research project. 
 
The investigation was carried out as a semi-structured interview. The survey was 
sent to all respondents in advance. In most cases the interview took place over the 
phone. The respondents were selected with a stratified selection. The criteria was that 
the respondent should have some knowledge of the Business Process and Quality 
Gate methodology, have been working with the implementation of the methodology, 
or have been working in a project involved in implementing the Business Process 
and Quality Gate methodology. 
 
The data collection was conducted during May-June, 2000. In a few cases the answers 
were given by a filled in survey. In those cases, the investigator called if any 
unclarified issues came up. See enclosed pages for the complete survey.  
 
The survey consists of 35 questions. Fifteen of them were open (i.e. no answering 
alternatives were given). The survey was sent to 38 people within the company. Of 
those, 25 answered (roughly 66%). The functional belonging of the respondents is: 
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Engineering 10 
Project Management 4 
Quality Management 4 
Purchasing 2 
Supply Management 2 
Internal Audits 1 
Manufacturing 1 
Marketing and sales 1 
 
Fifteen of the respondents were working within a line organization and ten in a 
project. Twenty of the respondents were working on a managerial level. The 
geographical distribution covered four countries. The interview guide used was not 
changed throughout the interview series. However, as the respondent's experience, 
knowledge and interests varied, a different focus was gained from each interview. 
The interviews were directly transcribed in the respondent’s own words. The author 
and the industrial advisor then categorized and analyzed the texts. They tried to 
achieve an understanding beyond what is directly stated by the respondent, and 
based on that, develop structures and relationships that are not distinguished 
directly from the text. 

3.5.5 Case study results 

The handling of risks and opportunities 
Since 78% of the respondents considered that the handling of risks and opportunities 
was inadequate in the Business Process and Quality Gate methodology, it was quite 
clear that the PROM process must be further developed. However, respondents felt 
the PROM process to address risks and opportunities not discussed and/or 
identified during the quality gate reviews. 
 
Such a process must be starting at the same time as the Business Process and Quality 
Gate methodology starts (i.e. in the beginning of the tendering phase of a project). 
The handling of risks and opportunities in platform development should be obvious. 
The respondents considered that the process of handling risks and opportunities had 
to be an integrated part of the Business Process and Quality Gate methodology. 
 
Since 80% of the respondents felt that the Business Process and Quality Gate 
methodology does not handle risks and opportunities within the line organization to 
a satisfactory extent, the interaction towards the line organization must be further 
investigated. In addition, when analyzed, it should also be included in the process. 
The respondents also considered that the process would need to be able to handle 
any consequence that might arise when deciding acceptance criteria and also the 
deliverable itself. This means that this process should capture issues lost or 
disregarded. 
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Since all the respondents were not certain that the Business Process and Quality Gate 
methodology stresses "weak" spots, this process should be an instrument for 
capturing such issues (in other words, things that could go wrong particularly in the 
tendering phase or at the beginning of the project).  
 
The follow up and the inquiry regarding the results from this process must be 
clarified. What do we want out of this process? How could it be measured? The 
process of handling risks and opportunities should be adapted to the Business 
Process and Quality Gate methodology, and should not mean extra administration. 
Although there was a very high support for this initiative of the Business Process and 
Quality Gate methodology, the confusion of today should not be increased. 
 
The Business Process and Quality Gate methodology  
The Business Process and Quality Gate methodology must be defined and stabilized. 
Process descriptions must be made ready. Training programs and education agendas 
must be developed. Guidelines must be finalized and distributed. A greater focus of 
the QG deliverables in the tendering phase was considered necessary. Also, the 
opinion regarding how to assess a "red light" was confusing. It had to be either 
clarified or changed in some way so that a red light would not cause this freedom of 
individual interpretation.  
 
Furthermore, the handling of risks and opportunities must be integrated into the 
Business Process and Quality Gate methodology. A parallel handling of risks and 
opportunities is not acceptable if it is to be successful and beneficial to the 
organization. 
 
Though this methodology was well known and used to a various amount in projects 
some new findings regarding the execution of this approach were found: 
 

•  Uncertainties were often identified but not always managed perfectly. 

•  There must be a clear link between the active work of handling uncertainties 
and the management of it. 

•  It is difficult to know the benefits of the process until afterwards. 

•  The tendency for large projects is that facilitation is needed for success. 

•  The PROM process itself cannot be a parallel approach to ordinary 
development work.  

•  If a process for handling uncertainties becomes an administrative workload it 
will not be used. 
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3.6 Summary  

Part 1 of this thesis has examined the scope of risk management and narrowed it 
down to the conceptually common area of industrial risks. A model for handling 
risks and opportunities from a single project perspective has been developed and 
validated in four pilot projects. Furthermore, the benefits and implications of 
viewing uncertainty management from a single project perspective have been 
explored.  
 
The concept of risk management is vast and widely distributed. The meaning of risk 
management differs when used by the economist, the geologist, the physician or the 
engineer. The concept also differs within the engineering discipline to such an extent 
that it is difficult really to understand the meaning of risk and risk management. This 
could cause confusion and mistakes when using the concept differently in a common 
situation or context.  
 
The PROM approach is a methodology for handling uncertainties from the single 
project perspective. The methodology defines the strategy of creating a project based 
uncertainty management process, the sources for identification of uncertain events, 
the method of assessing uncertainties, the response planning, and the method of 
follow-up and control. A computerized program supports this methodology. The 
emphasis is on both risks and opportunities.  
 
A single-project view on uncertainties seems insufficient when handling them in a 
large complex project organization. It is necessary to extend existing theory both 
horizontally and vertically in order to capture uncertainties affecting the project 
outcome. This also implies that the functional line organization should be part of, 
and participate in, managing project risk. 
 
In addition, as the focus of risk management requirements within the company 
shifted during this part of the research journey --- from focusing on product 
development projects to the inclusion of tender and project execution projects --- the 
continuous research focus was on the latter process. 
 
Finally, as will be further described later, the company’s biggest competitor acquired 
the company at about the same time as the developed PROM was deployed. As a 
result, the implementation stopped and the development of a risk management 
process for international projects started.  
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Part Two 

 
 
 
In this chapter, both the change within the company with its altered strategic 
direction and the changed requirements on risk management will be described. The 
chapter begins by discussing the changed industrial situation and how that altered 
the research focus. Additional related theory follows. Furthermore, the result of the 
development and implementation of the new process and metric is portrayed. This 
chapter describes the process and metric in more depth, discussing the result while 
not focusing on the actual process of development. 
 
Part 2 started when the studied company was acquired and thereby merged with its 
largest competitor. At this point, an engineering-based company merged with a 
production-based company, aiming to become a project based company. This part of 
the thesis will reflect on these differences and how the management of uncertainty 
was affected. From knowledge gained from the results in part 1, existing project 
management theory and other sectors of the corporation, a prescriptive methodology 
was developed through induction. The role of the researcher during the 
implementation shifted towards the role of an actions researcher / internal 
consultant. During the implementation, a metric for measuring risk management 
maturity was developed and integrated into the company.  
 
The system of study (see figure 17) is the project risk and opportunity management 
process (ROMP) which is part of the project management framework within the 
company. This system has its output as the efficiency of the risk management process. 
This system is open, with environmental factors important to the system to consider 
but beyond its control. 
 
 
 
 
 
 
 
 

Figure 17: The project risk and opportunity management process as part of the project 
management framework 
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4. Risk management in international 
projects 

 

4.1 The radical change in the industrial situation 

In May 2001, the company merged with its largest competitor. At this point, the 
corporate structuring of the new company started. This led to a fundamental change 
in strategic direction for both companies. The company the research started to 
address was an international engineering-oriented company with strong national 
culture and procedures. The other company was a family owned international 
manufacturing-oriented company with several different segments of products – from 
transportation to aerospace and recreational vehicles. The new company embarked 
on an organizational fusion and cultural fusion. The strategic decisions led to the aim 
of building a project oriented organization with international projects being the value 
income stream.  
 
By the end of 2001, the work to develop a project-oriented company took place. As 
one major project management process, the risk management process was prioritized. 
Since the projects now became international, changed requirements on the risk 
management process were a fact. Hence, the research focus changed from product 
development projects to project realization, where incremental development and 
system adaptation is part of the project. 
  
The researcher became part of the development of a new and adapted process for 
risk management within the new company. Previous knowledge was to be used as a 
base for the development of this new risk management process.  

4.2 Problem statement  

Results from the previous chapter have shown that having a project view of 
uncertainties is not sufficient when handling them in a large complex product 
development organization. Instead, a wider perspective must be adopted. This can 
be described in two dimensions where an extension of existing theories is necessary, 
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both horizontally and vertically within the organization. Firstly, risk management 
should include at least all of the stages within in the product development process, 
meaning that risk management should start early and perhaps even before the start-
up of a product development project. In such a case, the initial outcome could be 
used as a base for the project prerequisites - from a product, project and business 
perspective. Secondly, a vertical extension is appropriate. This means the interaction 
between projects and between project and line organization should be included. 
Since a project is usually initiated, financed, and manned internally within the line 
organization, this perspective needs to be included when handling uncertainties.  

4.3 Relation to research questions 

Based on the radical change within the company, achieved results from conducted 
research, and the problem statement described above, the following research 
question was formed: 
 
Q4:  How can improving the handling of uncertainties in large 

international project organizations increase the effectiveness of 
project management? 

4.4 Related theory of risk management in projects  

Several researchers (e.g. Shen 1997, March and Shapira 1987, Uher and Toakley 1999, 
Pender 2001, Williams 1999) argue that today's risk management methodologies are 
not sufficient for industrial use. Due to limited understanding and expertise, 
quantitative analytical techniques are rarely used. This might also demonstrate that 
certain quantitative analytical techniques are not always appropriate in the 
construction industry (Shen 1997), or in existing risk management theories of today 
(Pender 2001). Risk management philosophy and framework must be capable of 
quickly re-evaluating the project's options when compared with surprise 
developments and provide a systematic basis for its re-structure (Jafaari 2001). Any 
risk management model, methodology, or philosophy must be adapted to the actual 
industry, having the ability to be flexible and support continuous learning.  
 
Experienced project managers, directors and executives intuitively balance project 
risks and opportunities. Therefore, it is considered very important that practical 
models and methods for risk management comply with this natural way of reasoning 
and decision-making (Kähkönen and Artto 2000). Following Kähkönen and Artto 
(2000), a model developed for use in industry must comply with the organization's 
needs and demands. It may at the time need to take into account the potential of 
having to develop an understanding in the organization in which such models and 
methods will be used. It is considered important to extend uncertainty management 
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both horizontally and vertically within a project in a PD organization context. Artto 
et al. (2000) describe the connection between the performance pyramid and the 
hierarchical organizational structure, as illustrated in Figure 18. 
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Figure 18: Extension of organizational structure by projects, where vertical arrows that link 
the project processes to the organization unit mark the project ownership, from Artto et al. 

(2000) 
 
The reality is that projects are subject to shifting forces and constant changes due to 
external factors, changing objectives and poor methods for project realization. So, the 
process of risk and uncertainty management must be continuous, holistic and 
conducted in real time to be of any value to project managers (Jafaari 2001). Despite 
differences in prerequisites, it seems as if risk management has not been as successful 
in industry as expected. Coppendale (1995) found that when respondents 
participating in a survey of UK based companies were asked how well they rated 
their organization's performance in managing project risk, more than 60% considered 
it to be "inadequate or poor". 
 
The focus on project risk management development has slightly turned from 
developing the quantitative side to developing an understanding of the risk 
management process. The risk management process and how it should be organized 
in a project or in a project organization will also be the focal point in the future (Artto 
et al. 2000).  
 
New product development processes are complex and involve a variety of 
environmental problems, including changes in technology, customer needs, 
competition and government legislation. These uncertainties lead to dependencies 
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between and among different functional areas. They also require inputs and 
cooperation from different departments to accomplish individual and joint objectives 
(Song et al. 1998). What is needed, then, are new ways of looking at modern, complex 
projects and new models and techniques for analyzing them. In fact, what are needed 
are new paradigms to underlie our approach to them (Williams 1999). 

4.5 Project Management 

4.5.1 A historical view of project management 

For thousands of years, participation in various kinds of projects has been a 
complement to the eternal struggle for food and a roof over one’s head. Constructing 
pyramids, discovering the New World, crowding the shores of Dunkirk with allied 
soldiers; the history books are full of unique, complex undertakings limited in time 
and scope (Packendorff 1995). In order to better understand the field of project 
management as it exists, it would be useful to understand how it has changed over 
time. As a professional field, project management regularly faces new challenges as 
the tools of, methods of,  and approaches to management that comprise the discipline 
are applied to different areas, for different ends, in different cultures (Crawford et al. 
2006). As an “emerging profession” (PMI 2004), the field continues to grow and 
adapt. The emergence of the professional field of project management has its origin 
in the 1950´s. However, some important theoretical work had been done before the 
Second World War. Around 1910, Frederick W. Taylor’s “disciple” Henry L. Gantt 
constructed the Gantt-chart, and in 1931 the Polish scientist Karol Adamiecki 
presented his network-like technique “Harmonogram” (Packendorff 1995). 
 
During the 1950´s, network analysis and planning techniques like PERT and CPM 
were in focus of development in project management. During the 1960´s, in the era of 
mass production, these techniques were still considered important in the 
construction industry. However, the preoccupation with planning techniques 
attracted some criticism, and project-related research concerning organization theory, 
human resource management and leadership was initiated. Furthermore, during the 
1960´s the Cost/Scheduling Control System Criteria (C/SCSC) gained interest within 
the defense and aerospace industries (Turner 1993). During the 1970´s, Stretton (1994) 
notes, there existed an emphasis on breakdown structures and systems concepts. 
During the 1980´s, the need for structuring the project management knowledge of 
researchers and practitioners became obvious (Packendorff 1995). The focus was on 
the project organization, project leadership, project risk, group dynamics, external 
influences to projects, computer-supported project management, and the initial work 
on the development of project management standards. In the 1990´s the focus was on 
project evaluation and improvement, while the focus from the 1980´s was consistent 
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for factors such as relationship management, resource management, and risk 
management (Crawford et al. 2006). 

4.5.2 Project management as a professional discipline  

Project management is a professional field, with professional associations such as the 
Project Management Institute (PMI) and the International Project Management Association 
(IPMA), its own journals (Project Management Journal and International Journal of 
Project Management) and its own conferences and symposia. These associations are 
not just known as organizers of conferences. They are renowned as promoters of the 
standardization of project management and certification programs for project 
managers and developers of project management standards. 
 
PMI (2004) provides the project manager with a Project management body of knowledge 
(PMBOK), which assumes that all knowledge concerning project management can be 
categorized under the following headings: (1) project integration management (2) 
project scope management, (3) project time management, (4) project cost 
management, (5) project quality management, (6) human resources management, (7) 
project communications management, (8) project risk management, and (7) project 
procurement management.  
 
We have here a field of professionals, virtually flourishing, that is attracting an 
increasing number of members. It seems as though those members require standards, 
techniques and certification programs for their professional development (Söderlund 
2004). 

4.5.3 Project management  

Modern organizations are evolving rapidly these days. Requirements and product 
complexity are increasing, development schedules are shrinking, and the competitive 
environment among customers and suppliers is on the rise. As a result, projects 
become more complex. In addition, higher demands are placed on the performance 
of projects both internally and externally. Expressed basically, project management is 
the process by which a project is completed successfully. However, there are several 
aspects of project management to consider. In order to better understand project 
management, it important to understand what a project is. Obviously, several 
definitions of a project exist. PMBOK (2004) defines project as a temporary endeavour 
undertaken to create a unique product, service, or result. A frequently referenced 
definition is the one of Turner (1993): 
 

An endeavor in which human, material and financial resources are organized in a novel way, to 
undertake a unique scope of work, of given specification, within constraints of cost and time, so 
as to deliver beneficial change defined by quantitative and qualitative objectives.   
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The definition states some characteristics that need to be further explained. First, the 
project is organized in a novel way, hereby implying that a project is not part of the 
original organizational setting. The project is set up for the limited period of time 
necessary to achieve the set objectives of the project. Second, the scope is stated to be 
unique. This is understood to mean that one project is not easily compared to another. 
The scope of a project differs depending on the objectives to be met. Furthermore, 
because the project is unique, it involves a level of uncertainty. Finally, the project 
should deliver beneficial change. Here, a clear distinction is made between the 
temporary project and the more standard operations. We undertake projects because 
we cannot produce, or achieve the benefit, by doing routine things, and the expected 
benefits from doing the project outweigh the risk (Turner 1993). 
 
PMBOK describes an objective as something toward which work is to be directed, a 
strategic position to be obtained, or a purpose to be achieved, a result to be obtained, a product 
to be produces, or a service to be performed. The objective of a project can be described in 
different ways. The most common manner is by using the iron triangle of time, 
quality and cost. Turner (1993) defines five project objectives: 

•  managing scope 
•  managing organization 
•  managing quality 
•  managing cost 
•  managing time 

 
Further, Turner (1993) states three fundamental levels at which each objective is 
managed: 

Level 1: the integrative level 
Level 2: the strategic level 
Level 3: the tactical level. 

 
For scope management the project is integrated into the business at level 1, by defining 
how the project’s purpose meets the business objectives. At level 2, a strategy for 
achieving the purpose is derived. Finally, a tactical plan is developed at level 3 for 
achieving each element of the strategic plan (Turner 1993). 
 
There are several types of projects, and project management literature fall into two 
categories: single projects and multiple projects. Here, the foundations of single 
project management will further be described. Multiple project management will be 
described in part 3. The overwhelming number of projects presented in the literature 
as well as most of the practical and theoretical developments on projects is centered 
on single projects (Evaristo and van Fenema 1999). Furthermore, standards regarding 
the management of projects (such as the PMBOK (2004)) also base their prescriptive 
approaches on the single project. As shown in the above definition of a project, its 
uniqueness emphasizes the differences in projects and the management of them. 
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Knowledge regarding the management of projects is heavily based on the 
construction industry. Several researchers argue the origin of the knowledge of the 
management of projects. Turner (1993) mentioned that the current knowledge base 
on the management of projects emanates from large capital construction projects 
responsible for only 10% of projects. Regardless of the “true” breakdown of project 
management among all industry sectors, it is clear that project management practice 
is heavily influenced by research emanating from the construction industry 
(Crawford et al. 2006). Therefore, standards on the management of projects should be 
viewed in the same way, keeping in mind that the research is a framework. The level 
of detail to be used varies depending on the project to be managed. One attempt to 
describe different features of a project is presented by Evaristo and van Fenema (1999) 
in Figure 19. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19: Illustration of a project typology, from Evaristo and van Fenema (1999) 
 
Here, the project is differentiated into managing a single project and multiple 
projects. There is also a differentiation in the location of a project: single or multiple 
locations. The complexity of managing projects increases when going from a single to 
a program management of projects, as well as when going from single to multiple 
locations. From a single project perspective, the traditional project has been described 
above. A single project can also be managed in multiple locations (here described as 
distributed project). Here, project team members are spread geographically and are 
conducting the work dispersed (i.e. on their own but as a part of the project). Co-
located program is the definition of multiple concurrent projects, all of them 
operationally co-located in a single geographical place. Multiple co-located projects 
means the management of several programs co-located in a single geographical place. 
Multiple distributed projects can be separated into discrete locations and shared 
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locations. Discrete locations occur when the same project manager manages many 
distributed projects (i.e. a single project manager manages several projects which are 
geographically distributed). Shared locations are the same as for discrete locations but 
with one difference: some project team members work locally and in more than one 
of the projects. 

4.6 Research results – part 2 

4.6.1 Development of ROMP (Project Risk and Opportunity Management 
Process) 

Since the company decided to become a project oriented-company, the first aim was 
to find professional institutes of project management. The Project Management 
Institute (PMI) was found to be the most developed and appropriate. The author’s 
previous research results, together with other segments’ experience with best 
practice risk management, and the PMBOK (2000), formed the base for the 
development of the risk management process.  
 

4.6.2 The risk management process 

The developed risk management process is based on a five-step approach: 
•  Risk and opportunity identification 
•  Risk and opportunity assessment 
•  Risk and opportunity response planning 
•  Risk and opportunity response implementation 
•  Tracking and reporting 

 
The process is shown in Figure 20. The five steps will briefly be described below.   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: An illustration of the company risk management process 

Risk 
Assessment

Risk Closure

Tracking and
reporting

Risk Response
Implementation

Risk Response 
Planning

The 
Project

Risk Identification

☺
New Risk or
Opportunity

Risk 
Assessment

Risk 
Assessment

Risk ClosureRisk Closure

Tracking and
reporting

Tracking and
reporting

Risk Response
Implementation

Risk Response 
Planning

Risk Response 
Planning

The 
Project

The 
Project

Risk IdentificationRisk Identification

☺
New Risk or
Opportunity

☺
New Risk or
Opportunity

☺☺
New Risk or
Opportunity



75 

Risk identification is done in several ways. Figure 21 shows two ways: risk and 
opportunity workshops and periodic risk reviews. The risk and opportunity 
workshop is usually a two - three day workshop led by a trained facilitator. All 
functions involved in any way in the realization of the project are also participants in 
the workshop. Furthermore, external experts (for example, experienced project 
managers who have previously conducted a similar project) are used to initiate the 
identification of risk and opportunity. These workshops are mandatory in the bid 
phase and during the hand over phase between bid team and project realization team. 
Also periodic risk reviews are conducted. The process requires project teams to 
conduct risk meetings monthly in order to identify, assess, and track progress on risk 
and opportunity response implementation. Furthermore, as part of the process, all 
project meetings are required to have risk management on the agenda throughout 
both the bid- and realization project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21:  An illustrative view of risk activities, input and output, during the bid and 
realization project 

 
As realized during the previous phase, risk management needs to start early, 
preferably before any project has been started. As a result, the new process 
emphasizes the early stages of the business process according to Figure 22, thereby 
ensuring the early identification of uncertainties. This approach implies that 
uncertainties are identified and preliminary assessed even before the decision to start 
the bid project. If risks to a large extend surmount potential opportunities, this would 
complement the more commercial information as far as whether to pursue the project 
or not.  
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Figure 22: The focus on early risk management where activities are started early in the 
process 

 
Risk and opportunity assessment is done both qualitatively and quantitatively. The 
first estimate is done quantitatively by assessing the consequences and probability. 
The assessment of the data available to conduct the risk and opportunity assessment 
is also done (i.e. how confident could you be on the data used for the assessment). 
Consequences are based on cost, schedule, performance of the product and quality. 
An illustration of the qualitative assessment is shown in Figure 23. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 23: Qualitative risk assessment where impact, probability and precision are assessed 

 
The quantitative assessment is based on two parts: the cost of the mitigation action 
and the residual risk cost and its probability. The same assessment applies to the 
assessment of opportunity. The major difference is that the total impact of the risk or 
opportunity is not quantified. Instead, it is believed that the mitigation actions will be 
successful, at least where they are possible to perform. Therefore, such quantification 
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is not used. Instead, the cost of the actions planned to be taken are included in the 
assessment. Furthermore, the residual cost is assessed, i.e. how much of the risk will 
the mitigation action reduce probability or impact. The probability of the residual 
risk is then assessed. The sum of the cost of action and residual risk equals the 
quantitative assessment of the risk. The same assessment is applied to opportunities. 
 
Risk response planning is the step in which the selected approach is decided. 
According to the process, four different approaches exist: 
 

•  Avoid: to make decisions that would steer the project away from the risk or 
towards the opportunity. 

•  Transfer: to change the accountability of the risk to a third party, e.g. an 
insurance company, hedging or to customer.  

•  Mitigate: is the deliberate actions to either reduce the probability or reduce the 
impact if the risk occurs. For opportunity it is to increase the probability or to 
increase the impact of the enhancement. 

•  Accept: when nothing either can be done to respond to the risk or opportunity 
or when the cost exceeds the benefit of conducting the response. 

 
Risk response planning is related to who will do the job of responding to the risk or 
opportunity. Until now, the risk management process is considered to have minor 
effect on the project objectives since the process has mostly consumed resources and 
not produced any result whatsoever. This is illustrated in Figure 24. 
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Figure 24: The risk management process - a cost benefit illustration 
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The first three steps in the process - identification, assessment and risk response 
planning - are conducted in all projects. However, as illustrated below, such activities 
will not generate any reduction in either the magnitude of uncertainties or total risk 
exposure. The next two steps are the most important steps; namely, to implement the 
response and to track and report progress and status. Naturally, the closing of risk or 
realizing of opportunity is the point at which the financial effect will occur.  
 
The results from previous research indicate that the process needs to be widened in 
scope both horizontally and vertically within the organization. The horizontal 
extension is described above by the left shift of focus. Vertical extension means the 
inclusion and collaboration with other functions within the company. In projects, 
functional representatives together with the project manager form the project core 
team. These are the people who have the accountability to meet set project objectives. 
Within the risk management process, these functions are equally important. An 
example of a project risk management organization is described in Figure 25. The 
project manager is responsible for risk management. Functional risk and opportunity 
coordinators are assigned to assist in managing risk and opportunity. The risk and 
opportunity coordinator is assigned for every function involved in the project in any 
way. The project manager may pass the ownership of risk and opportunities to the 
functional coordinator, to manage on his or her behalf. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 25: Illustrative example of a project risk management organization 
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may want to pass ownership to a specific engineer within the engineering 
department.  
 
Tracking and reporting is the step in the process where response plans are reviewed 
and followed-up. The reporting to project manager and senior management is also a 
major part. The tracking of progress and also reporting is done via the risk and 
opportunity portfolio (ROP) database. The ROP was developed from previous 
research and described in the previous chapter. However, as part of the development 
of the process, the ROP has been further developed as well. The ROP is a Lotus Notes 
based database designed to store identified risk and opportunity, to qualitatively and 
quantitatively assess risk and opportunity, to plan responses, to follow progress, and 
to report the progress of risk and opportunity management. The tracking of progress 
is usually done in the monthly risk management meetings. Response development 
takes place, as described, at project meetings. All risk and opportunity owners and 
risk and opportunity coordinators report to the project manager. He/she in turn 
reports the project status of risk and opportunity to monthly operation meetings, as 
illustrated in Figure 26. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 26: An illustrative description of the tracking and progress of risk and opportunity 
 
The closing of risk and realization of opportunity can be done if: 
 

•  It has become an issue or benefit 
•  It can no longer occur (it did not happen) 
•  It is a duplicate of another risk or opportunity 

 
At this point, the estimates of financial impact can be verified and adjusted so the 
correct impact is reflected in the project financials. 
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4.6.3 Implementation of ROMP 

At the time of writing, 615 bid projects and 552 realization projects use the ROP and 
the company risk management process. The implementation consisted of several 
parts. The first part was training, which was conducted for the project team, 
including all relevant functions. Then a two and a half day workshop was conducted 
for both bid- and realization projects. The researcher, in the role of the risk manager 
for one specific division, had the responsibility for training, implementation, audits 
and support for all projects. An example of an implementation plan can be seen in 
Figure 27. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 27: Example of a previous plan for training and implementation of project risk 
management in one division of the company 

4.6.4 Development of RMMI (Risk Management Maturity Index) 

Another result from the research was the development of a metric for measuring the 
maturity of the implementation and the efficiency of the risk management process. 
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Why: 
Measure the maturity to evolve risk & opportunity management 

•  Align risk and opportunity activities 
•  Raise awareness in the organization  
•  Benchmark between projects 

 
How: 
Based on three basic categories of implementation 

•  Database 
•  Management 
•  Reporting 

 
This metric would provide a measurement of the efficiency of the risk and 
opportunity management process in a project as a qualitative measure. RMMI 
highlights some major parts of the process (see below) and measures the project as 
far as compliance to the risk and opportunity management process as illustrated in 
Figure 28. 
 
Database 

•  Risks identified, assessed and actions planned. 
•  Accountable risk owner assigned for each risk. 
•  Risk action deadline date for all risks. 
•  Accountable actionee per mitigation plan. 

 
Management 

•  Project risk management organization in place and, 
•  Regular risk management meetings executed. 
•  Risk action deadline dates flagged in detailed project schedule (DPS). 

 
Reporting 

•  Estimated at completion (EAC) risk provision mapped against entries in risk 
and opportunity portfolio database. 

•  Risk and opportunity action cost and residual risk cost / enhancement benefit. 
•  Ability to produce a complete integrated risk assessment report (IRAR).  
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 RMMI = 100(∑ Database, Management, Reporting) = Value 0-100 

 
Figure 28: Risk Management Maturity Index, measuring the efficiency of project risk 
management in three basic categories of implementation: database, management, and 

reporting 
 

This metric can be further detailed and the percentage of completion in all the criteria 
changed. For example, the number of participants attending a risk and opportunity 
workshop versus the number invited can be added, or to have risk and opportunity 
management on the agenda of project meetings. 
 
This metric has proven valuable when implementing a risk and opportunity 
management process. However, the use of the metric ends when projects reach an 
RMMI value of 100 (a maturity of 100%).   

4.7 Summary  

Part 2 of this thesis has described the development of a company specific process for 
managing risk and opportunity within international projects, ROMP. Furthermore, a 
metric for measuring the efficiency and maturity of project risk management has 
been developed, RMMI. Both the risk management process and the metric have been 
implemented in all projects within the division and now form an integral part of 
project management. No verification of the process has been done in this part of the 
research journey. 
 
The previous research results address some issues that a newly developed process 
needs to include. The issues, how they have been addressed, and to what extend they 
have been incorporated in the ROMP will be described below. 

Database Management Reporting 

 High speed 3 Yes  Yes Yes 
 High speed 2 Yes Yes Yes 
 Inter city 2+3 Yes  Yes Yes 
 Zurich 4/5 Yes  Yes Yes 
 Inter city Sweden 2nd series Yes Yes Yes 
 Low floor 2003 Yes Yes No 
 IC Paris Yes Yes No 
 Inter regional II l No No No 
 CCBM Yes No No 
 Viper TBB Yes No No 
 Viper TESW Yes Yes No 
 IR B3S No No No 
 IR B3S No No No 
 JTRON 1st series No No No 
 GT 2000 Yes Yes No 
 GT 3000 Yes Yes No 
 Inter city ABW No No No 

Project 
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4.7.1 The process of risk management 

One previous finding was that any risk management process should not be modeled 
in parallel with the business process used. Rather, it should be integrated. This was 
addressed in the development of this phase. However, it could be argued that since 
the companies merged and the new strategic direction was to become a project 
management organization, this concern was not considered a problem. The project 
risk management methodology includes a process for risk management. Hence, it is 
implied that risk management is an integral part of project management.  
 
Previous model and methodology for risk management lacked the ability to measure 
risk management efficiency, i.e. what use do we have for this process? In the 
development of ROMP, the RMMI metric was developed for measuring the maturity 
of the implementation and the efficiency of the risk management process. Also, it 
addressed the issue of not knowing the benefit of the process until afterwards. 
However, that proved not to be enough, as will be shown in succeeding chapters. 
  
Another finding was that if the risk management process became an administrative 
burden, it would not be used by projects. When developing the process, measures 
were taken to reduce the administrative part of risk management. As the 
development progressed and in order to develop an effective process, administrative 
work was seen as an inevitable part of the risk management process. Instead, the 
project risk management organization was focused on. Instead of leaving the project 
manager with both the accountability of the results of risk and opportunity and all 
the work, the functional risk coordinator became part of the risk management 
organization for every project. 

4.7.2 Management of risk and opportunity 

The tendency in large projects is that facilitation is needed. However, a project 
management office was formed that was not part of this research. These people were 
experts on project management and served as facilitators in training and workshops. 
Furthermore, each division had a risk manager who supported projects and 
facilitates workshops in both bid and realization projects. 

The previous finding, that uncertainties are often identified but not always managed 
perfectly was a key requirement when developing the new process. This was 
addressed in two ways. First the risk management organization enables the 
delegation of responsibility. Thus, the project manager does not need to be the only 
person managing the project risk or opportunity. Second, the active requirement 
from senior management as far as risk and opportunity progress and results forces 
project managers and the functional risk coordinators to deliver on expectations. 
Stated another way, when dead line dates for workshops, assignments of ownership, 
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response planning dates, and the closure of risk were set, these were actively 
followed-up.  
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Part Three 

 
 
 
In this chapter, the strategic direction towards the management of project portfolios 
and its changed requirements on risk management will be described. First the risk 
management maturity of the company is explained, followed by a reflection on the 
previously implemented research results. This is followed by additional related 
theory and a description of the conducted case study and its results. Finally, the 
result of the development of a methodology of analyzing portfolio risk is described. 
 
In part 3, as implementation and training were considered complete and the 
continuous improvements effects became incremental, a case study was conducted 
with the aim of, despite all interaction changes done to the system in part 2, 
understanding the view of senior management and the project management 
community concerning the efficiency of the risk management process implemented. 
The results from these two studies were translated into design requirements for 
portfolio risk management. During this part of the research, the system modeled 
initially once more changed, since the system environment changed from a single-
project to a project portfolio perspective. A methodology for managing risk in a 
project portfolio was developed. The systems model, illustrated in Figure 29, 
incorporates several projects in a portfolio that are included within the systems 
boundary. Also, this system includes interrelations between the projects as well as 
the environmental factors.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29: An illustration of the systems model for project portfolio and the project portfolio 

risk management, where the output is project and portfolio efficiency 
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5. When projects are organized in 
portfolios 

 

5.1 The industrial situation 

Having managed risks and opportunities in a structured manner for several years 
(the last years based on the PMBOK (2000) methodology), the experience of project 
managers, directors and senior management is substantial. In general, the process is 
applied throughout every project within the company and managed according to 
internal procedures. Naturally, the maturity of application and experience differs 
between projects. A normal project life cycle is between two and three years, and 
involves a high degree of technology and complexity. Following Evaristo and von 
Fenema (1999), the project typology would correspond to multiple distributed 
projects with both shared and discrete locations. They are multiple in the sense that a 
portfolio manager usually manages around 20 projects simultaneously. The projects 
are distributed in the sense that some projects are managed from different locations, 
parts of teams are located elsewhere, or both distributions exist in another country. 
The risk management situation within the company could be described as: 
 

•  risks and opportunities within a project that can be managed by project 
management; 

•  risks and opportunities within a project that can be managed by other 
functions (e.g. supply management, engineering, and quality); 

•  risks and opportunities within a project that cannot be managed by project 
management or other functions; 

•  risks and opportunities, originated from outside of the project scope but which 
affect the project and that can be managed by project management or other 
functions; 

•  risks and opportunities, originated from outside of the project scope that affect 
the project and that cannot be managed by project management or other 
functions;  

•  similar risks and opportunities, or issues, between projects; 
•  uncertainties that cannot be managed (i.e. surprises). 
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5.2 Problem statement  

Results from the previous chapter developed and introduced the ROMP and RMMI 
metric. Due to changes in the organizational structure, all projects would now to be 
considered part of a project portfolio. Project managers and directors managed 
projects as before. The difference now was that there should be a more direct focus 
on the management of the portfolio of projects. The responsible for the portfolio of 
projects is the portfolio managers’, who were part of the division’s senior 
management team. The somewhat complex project environment called for changes in 
the management of projects. At the same time, risk management should be able to 
reflect such change (going from single-project risk management to portfolio risk 
management).  
 
Several improvement suggestions and criticism were addressed to the researcher 
during the implementation and from experience in management of the ROMP 
process. The collective view of this information initiated a case study that found 
additional development needs placed on the existing risk management process when 
managing project portfolios.  
 
Existing theories on risk and opportunity management processes have been 
developed over many years. They are, in general, considered sufficient for any 
project organization. Quite naturally, the focus has been on the single project 
perspective and its relationship to the organization. Following Pellegrini (1997), there 
are six major advantages when using portfolio management. A comparison with the 
risk and opportunity management process within the company to these advantages 
is shown in Table 9. 
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Table 9: Comparison of portfolio management benefits and the ability of the company’s 
existing risk management process to support them (potential benefits from Pellegrini 1997) 
 

Potential benefits of portfolio 
management 

Supported by single 
project perspective risk 
and opportunity 
process? 

Possibility for 
portfolio risk and 
opportunity process 
to support? 

 
Greater visibility to senior 
management  No Yes 

Better prioritization of projects  No Yes 

More efficient and appropriate use 
of resources  No Yes 

Projects driven by business needs  No No 

Better planning and coordination  No Yes 

Explicit recognition and 
understanding of dependencies No Yes 

 
As there is potential to further support portfolio management beyond the capability 
of the existing process, it is argued that there are three major areas that need further 
improvement in today's process: 

•  do not foster learning; 
•  support no interaction between projects; and 
•  cannot measure effectiveness (in other words, what are the benefits of risk and 

opportunity management, and in which project do we need to improve our 
performance?) 

 
When analyzing the organizational requirements with the existing process, there are 
three particular areas for which any process improvement should be based. They are, 
namely, the ability to: 

•  show the influence of poor effectiveness on the portfolio margin; 
•  learn from previous mistakes; and, 
•  provide senior management with unbiased information on performance and 

improvement areas. 

5.3 Relation to research questions 

Based on the achieved results from conducted research and the problem statement 
described above, the following research question was formed: 
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Q5:   How can a project risk management process be developed to fit the need for 
managing risks and opportunity from a project portfolio perspective? 

5.4 Related theory of portfolio risk management 

5.4.1 Introduction 

Project management is today a well-established approach for affecting a wide range 
of changes (see, for example, PMBOK (2004) and Pellegrini (1997)). How well one can 
plan, execute, and control the tasks and how well one can manage the relationships 
with all the stakeholders involved in the project constitutes the success or failure of 
the carrying out of a project (Sandhu 2004). Project risk management is a natural part 
of project management. Regarding project risk, there are different risks when 
viewing different perspectives of different stakeholders. In today’s highly complex 
project environment, there is clearly a need for better understanding of how projects 
are related and what the implications may be of their interrelationships. Different 
process steps may have multiple interactions that are difficult to understand. This is 
interaction complexity which refers to the fact that the different process steps cannot 
be separated without affecting overall process performance (Sandhu 2004).  
 
This widespread use of projects, in some cases becoming the preferred or dominant 
business process, and their use in realizing strategic or complex change have also 
resulted in the need to marshal project-based activity in some coherent, beneficial 
way (Pellegrini 1997). PMBOK (2004) defines a project as a temporary endeavor 
undertaken to create a unique product, service or result.  

5.4.2 Problem of managing risk and opportunity in a project portfolio 

Lycett et al. (2004) and Pellegrini (1997) describe program risk management as 
focusing more on strategic issues for a portfolio of projects and the ability to achieve 
strategic objectives. Clearly there is a need for a shift in focus for risk management in 
a portfolio environment. Hillson (2004) and Ward and Chapman (2003) also highlight 
the importance of including the management of opportunities in any risk 
management process. It is suggested that two areas are of importance when 
describing the implications for today’s management of risk and opportunities in a 
project organization when handling several projects simultaneously. The first 
implication regards the existing risk management processes, and the second 
implication regards the wider scope of project portfolio management than that of 
single project management. 
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5.4.3 The process of project risk management  

Most of the existing project processes are not developed to handle a portfolio of 
projects when handling risks and opportunities. This is due to the fact that the 
process structure does not assist in handling a portfolio of projects. When using these 
single project processes, it is up to the experience of the organization and foremost 
project managers to find links between projects. In addition, existing risk 
management processes do not usually include functional risk management. Recent 
development in the field has enabled better understanding of the overall risk 
management concept by introducing risk management processes of e.g. nine 
(Chapman 1997), or five (Tummala and Burchett 1999) phases instead of the three 
phases introduced some ten to fifteen years ago. Moreover, the development has also 
gone into a more detailed level in identifying, estimating, and responding phases 
(Artto et al. 2000).   
 
Risk management discussions in project contexts have mostly focused on managing 
risks in single projects. Managing projects in a multi-project environment refers to 
the management of project portfolios and not just the management of single projects 
separately (Artto et al. 2000). Further, as illustrated in Figure 30, viewing the project 
process at the lowest operational level of the hierarchy implies a single project 
perspective. In contrast, the appropriate view of considering projects at higher 
operational levels requires that a project portfolio perspective be adopted. 
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Figure 30: Organizational model for risk management showing a model with the purpose of 
explaining the positioning of different risk management disciplines and related practices to 

different organizational levels, (from: Artto et al. 2000) 
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Results from previous research have shown that having a project view of 
uncertainties is not sufficient when handling them in a large, complex project-
oriented organization. Instead, a wider perspective must be adopted. As argued, the 
scope of a single project perspective seems insufficient, and a more holistic and 
business oriented perspective should prevail. Therefore, existing risk management 
processes are considered insufficient due to the focus on a single project. Artto et al. 
(2000) has found that risk management discussions in project contexts have mostly 
focused on managing risks in single projects. Managing projects in a multi-project 
environment automatically refers to the management of project portfolios - and not 
simply the management of single projects separately. Therefore, in project oriented 
organizations, risk and opportunity management must be considered an 
organizational issue and not an isolated project responsibility. Ward and Chapman 
(1995) bolster this. They suggest that when considering the risks associated with a 
project, attention is often focused on risks specific to the physical nature of the 
project. However, many key project risks are associated with the project management 
process itself. Adopting a wide business-oriented perspective on the project process 
is essential in any project company (Artto et al. 2000). 

5.4.4 Portfolio versus program management  

Definitions of portfolio management are wide and diverse. Several names for the 
same understanding of portfolio management exist, and acronyms as program 
management and multi-project management are frequently used. Portfolio 
management is a discipline where combined projects, to a certain extent, utilize the 
same management, where issues stretch beyond the scope of the project, and where 
interdependencies not manageable by a single project are to be managed by a 
portfolio head or “boss of projects”. To clarify the author’s perception of portfolio 
management, a short review of the conceptual differences is needed.  
 
Program management is not the same as multi-project management. The nature and 
practice of program management is far more encompassing than common resource 
management (Pellegrini 1997). Pellegrini further defines programme management as 
a framework for grouping existing projects or defining new projects and for focusing 
all the activities required to achieve a set of major benefits. Lycett et al. (2004) define 
programme management as the integration and management of a group of related 
projects with the intent of achieving benefits that would not be realized if they were 
managed independently. PMBOK (2004) defines program management as the 
centralized, coordinated management of a group of projects to achieve the program’s 
strategic objectives and benefits. Portfolio management is defined as a collection of 
projects and programs and other work that are grouped to facilitate effective 
management of that work to meet strategic business objectives. As seen above, 
portfolio management means a wider scope than program management, and it 
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includes the link to strategic objectives. Turner (1993) divides project management 
into three levels: 
 

1) Integrative level, where the business unit and the objective of the project are put 
in-line; 

2) Strategic and administrative level, where a project strategy and objectives are 
defined; and, 

3) Tactical or operational level, where intermediate objectives and milestones of a 
project are set and responsibilities are allocated. 

 
Quite similarly, Pellegrini (1997) argues there are three primary configurations to 
programme managements; Portfolio, goal-oriented and heartbeat. Here he argues 
portfolio management as being part of program management. He then continues by 
suggesting that multi-project as a discipline has the management of resources as a 
key challenge and that program management is not the same thing since the nature 
and practice of program management are far more encompassing than common 
resource management. This discussion might shed some light on the many 
definitions of multi-project, portfolio and program management as described above.  
Definitions of portfolio management (See, e.g., Elonen and Artto (2003), Archer and 
Ghasemzadeh (1999), and Engwall and Jerbrant (2003)) and programme management 
(Lycett et al. (2004), and Van der Merwe (1997)) are in some cases considered similar 
and/or include parts of scope as a common denominator. 
 
Finally, the author acknowledges the broad view of Elonen and Artto (2003), that 
portfolio management includes aspects of both portfolio and program management. 
This broad view includes the management of interfaces between projects, the co-
ordination of the collection of projects, the management of resources and other 
constraints, and the link to strategic objectives.   

5.5 Case study  

The purpose of the case study was to identify the major concerns regarding the 
effectiveness of the existing risk management process. Furthermore, the case study 
aimed at finding the requirements from senior management placed on risk 
management from a project portfolio perspective. The results from the first part of 
this case study indicated the need for the measurement of effectiveness. If the project 
manager, project director or project vice president was ordered to manage risk and 
opportunity in a specific way, they needed the rational behind such use of their 
resources. The case study described applies to the succeeding chapter as well since 
the studies were conducted simultaneously but with a separate focus on portfolio 
risk management and the risk management effectiveness metric.  
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The primary observations and the introduction of the case study were based on the 
extensive action research conducted by the researcher described in the previous two 
chapters. 

5.5.1 Case study methodology 

From experiences from implementing ROMP and from informal discussions with 
risk managers, project managers and with senior management, the need to improve 
the ROMP became apparent. Since risk management at that time was considered an 
integral part of project management and risk reporting was a focal point in reviews 
on every hierarchical level, project managers needed improvement in order to 
maximize the effects on resources spent. Furthermore, group risk management had 
considered the risk management process to be fit for use (no further development 
would be initiated and driven centrally by the company). Instead, initiatives and 
further developments should be initiated by the divisions, tested, verified, and 
presented for other divisions for testing and further acceptance as a company specific 
methodology. Because the researcher was working as the risk manager for a specific 
division, the role of development remained there. As a result, a case study was 
designed to answer the research question: How can a project risk management process be 
developed to fit the need of managing risks and opportunity from a project portfolio 
perspective? 
 
The case study focused upon the requirements put upon people responsible for 
project management from two ways. First, the views of the project manager were 
explored, aiming at finding problems and requirements from that view. Secondly, 
the division’s senior management was interviewed to find their view of and 
requirements on portfolio risk management.  
 
The case study was based on interviews involving project management professionals 
such as project managers, project directors, and portfolio managers. Functional 
senior management and the project management office director were also involved. 
The researcher had a substantial pre-understanding of the work in the projects, the 
risk management process and its applicability. The first part of the case study was 
towards the project managers. The researcher did not try to understand how they 
applied the risk management process and how they manage uncertainties. Instead, 
he focused on finding the problem areas with existing processes when faced with 
new requirements in portfolio management. The second part of the case study was to 
identify senior management requirements placed on portfolio management in 
general and the risk management process in particular. This focus was adopted in 
order to uncover the perception of how portfolio managers discern their assignment 
and how that would change the requirements on the risk management process.  
 



95 

In the first part of the case study, eight project managers, all of whom had personal 
responsibility for a realization project, and the director for the project management 
office were interviewed. In the second part of the case study, all five project portfolio 
managers within the division were interviewed. Furthermore, the senior managers 
for product development and the introduction of the product to the customer were 
interviewed. All the respondents in the second part of the study were part of the 
senior management team within the division. 
  
The duration of the interviews was usually approximately one hour. The researcher’s 
role in the interview was what is usually called direct observation, where interactions 
with the respondents are part of the methodology. During analysis, the approach 
was to seek and evaluate similarities and differences between the different 
respondents. This involves selecting categories, categorizing each response and 
looking for similarities and differences within and between projects and projects. 
Responses were written directly by the researcher and later analyzed. Finally, the 
results from the analysis were then translated into design requirements.  

5.5.2 Case study results 

There were some major implications within the company environment described 
above that influenced the effectiveness of risk and opportunity management both 
from a project and an organizational perspective. Examples of this include the 
following: 
 

•  It is considered that the ability to manage the methodology of risk and 
opportunity management is sufficient. Project management and the project 
core team both have the expected knowledge in understanding and using the 
process. However, there is a clear view that if functions such as engineering, 
supply management, or operations manage risks within their own function, 
project risk management will benefit. This is because there is no incentive for 
functions to manage project risks, as their results are not inquired from 
outside the project; 

•  Cross-functional risk and opportunity management must be improved. The 
process cannot be seen as only a project management process, but rather as an 
organizational process; 

•  The existing risk and opportunity management process does not foster 
learning other than within a project; 

•  Commonalities and trends are hard to find due to time pressure. It is up to 
project management to find commonalities; 

•  The focus has to be equally on opportunities as well, not only managing risks; 
•  Financially, risk and opportunity management is more like a claim 

management process. The ability to see the financial influence of risk and 
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opportunity management must be established. If risks and opportunities are 
managed well, how can then the financial result be acknowledged; 

•  Risks and opportunities should also be managed in the senior management 
team. It is crucial that a consolidated view is enabled so that a balance 
between risks, opportunities and issues is established; 

•  Sometimes the risk identification is too weak. There must be a possibility to 
identify risks and opportunities for focus areas (for example, system-by-
system, car area-by-car area, or supplier-by-supplier. 

5.6 Research results – part 3 

5.6.1 Development of portfolio risk analysis methodology 

This research suggests a methodology for analyzing portfolio risks in which the 
analysis is based on occurred issues (see Olsson (2005)). An issue is understood as a 
risk with a 100% probability of occurrence. In other words, it has gone from a risk to 
a reality. This methodology considers the adverse effects of uncertainty, i.e. risk, as 
the unit of analysis. However, it is argued that this methodology also includes 
opportunities in two aspects. First, a risk in one project could mean an opportunity 
for other projects that are in an earlier stage of the project life cycle. If the result 
shows a common risk or a trend, for a particular risk, actions and experiences can be 
focused towards projects which could face the same risk. Second, analysis results that 
from a single project perspective might be seen as a one-time event or state could 
from a portfolio perspective be seen as a trend or a portfolio common risk. Hence a 
consolidated action would be possible to reduce the portfolio exposure, turning risk 
into opportunity. The possibility of analyzing the risk exposure within the portfolio 
and proactively managing uncertainties is mainly determined by the maturity of 
handling risks and opportunities in the projects and within the organization. 
  
Analyzing risks with a portfolio perspective, 
  

•  reveals uncertainties in the close proximity of the project environment as well 
as between projects; 

•  visualizes risks common to a number of projects within a portfolio; and, 
•  identifies risk trends towards a specific area. 

 
Analysis preparation 
Analysis of the portfolio risk exposure requires the following three prerequisites: 
 

1. Availability of data: The basis is knowledge. This is available in the form of 
project data, risk and opportunity portfolio (ROP) data, and issues lists. 
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2. Ability to handle and search data. Today this is managed via MS Excel spread 
sheets and the ROP database, since an analysis tool has not yet been designed. 

3. Possibility to analyze the data. This is to be performed by a person with broad 
experience in risk and opportunity management and extensive 
product/project knowledge. The analysis ability is limited to the possibility of 
searching and handling large amounts of data. Today this is done manually, 
limiting the number of projects and the range of the search. 

 
Availability of data 
The following data is needed to perform a portfolio analysis:  
 
Project data 

•  List of occurred issues (i.e.  consolidated list of the portfolio’s top issues); 
•  Predicted/ actual cost per issue; and, 
•  The financial controller. 
 

Risk data for the project 
•  Risks (3Cs – condition, cause, and consequence); 
•  Description of mitigation action; 
•  Mitigation action cost; and, 
•  Mitigation action success probability. 
 

Project data for the identification of similar and comparable projects 
•  Product vehicle type (e.g. single deck, double deck,  locomotives, coaches); 
•  Propulsion system (e.g. electric, diesel electric, diesel hydraulic/ mechanic); 
•  Other relevant technical systems; 
•  The site at which the product is manufactured; and, 
•  Other relevant project and product specific characteristics required for the 

analysis. 
 
 
Ability to handle and search data 
In the pilot analysis, MS Excel has been used for the analysis in combination with the 
risk register (ROP, a Lotus Notes based database), where all project data is available 
for all projects within the company. However, this approach requires a substantial 
amount of manual work in analyzing the massive amount of data; therefore, it is 
imperative that the analyst be quite experienced.  
 
Possibility to analyze the data 
This analysis methodology advocates the use of a single expert rather than the 
collective assessment usually conducted within a project risk and opportunity 
assessment session. The amount of information gathered cannot easily be shared 
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between people in the analysis stage. However, a review with project managers and 
project controllers is always conducted on the results as quality assurance of the 
analysis. 
 
The process of portfolio risk analysis 
Analysis preparation needs to be based on reliable and unbiased data. As illustrated 
in Figure 31, finding commonalities and trends in the available data requires 
analyzing in three steps: 
 

1. project issues between the projects; 
2. one project’s issues with all ROP data from all projects (repeat for all projects); 

and, 
3. ROP data from all projects in the analysis. 

 
The people involved in the portfolio risk analysis are the project manager, the project 
financial controller, and the risk and opportunity analyst. However, compared to 
existing risk management process, the portfolio risk analysis methodology requires 
the addition of an additional resource; namely, the risk and opportunity analyst. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 31: Process flow on portfolio risk analysis with its three steps: (1) analyzing issues 
between projects, (2) analyzing one project’s issues with the risk register of other projects in 

the portfolio and (3) the analysis of hypotheses 
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Analyzing project issues between the projects 
The first step in the analysis methodology is to analyze all issues for the selected 
projects. This step is often the least time consuming because of the small amount of 
data to be analyzed. It is essential to understand the issues here since the portfolio is 
analyzed issue by issue. This analysis step will reveal two things. First, it will show if 
there are any common issues within the portfolio and if such common issues affect 
parts of or the whole portfolio. Second, it will reveal if potential improvements 
within or outside of the portfolio have an effect on the projects within. This part of 
the analysis will provide any improvement program with potential projects, whether 
they involve project common or organizational opportunities for improvement. 
 
As an example, there are three projects that have similar types of issues. A common 
denominator seems to be one production site. The example indicates that further 
investigation regarding, for example, Logistics, and SM/ PM activities at the site can 
be made that will impact on several projects.  
 
Analyzing one project’s issues with all the projects ROP data (repeat for all projects) 
The purpose of this step is to compare issues with extracts from the project’s ROP 
database. This increases the level of complexity. The amount of data increases, and 
sometimes the identified risks in the used 3C format do not completely and 
accurately describe the occurred issue. Thus, an experienced analyst is critical. Firstly, 
the issues of projects in the portfolio are selected one by one. They are then compared 
with the ROP of the other projects. This will reveal if one project has any issues that, 
for other projects, are identified as risks. If such projects are separated in the project 
life cycle stage, the result could be used to avoid risks and/ or identify opportunities.  
 
As an example, there are two projects facing the same issue. A third project has brake 
related uncertainties identified. There seems to be a correlation within the product 
BR 42X family. This example indicates that further investigation regarding for 
example brake design, environmental impact on specifications should be conducted. 
It will have an impact on several projects. 
 
Including ROP data from all projects into the analysis 
The last step in the analysis methodology is to compare ROP data from different 
projects. This analysis is the most time consuming analysis, mainly because of the 
large amount of data. This part of the analysis requires a common starting point. Here, 
the product/project configuration would come into use since this stage is based on 
stated hypotheses. For example, there is always a problem with supplier Alfa, and 
the level of quality at production site Bravo is always lower than the one of the other 
sites. Input and suggestions regarding hypothesis selection would be 1) internal 
product and project specific, 2) external customer, supplier and country specific, 3) 
general concerns from projects and organization, and 4) from analysis step 1. To gain 
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higher reliability of the results, additional portfolios could be included in the analysis. 
However, the limiting factor is the ability to search and handle data. 
 
As an example, the analysis points to a common denominator in the supplier of 
gearboxes. There is an indication that the company needs to take measures in dealing 
with supplier FZ. Two different projects are having problems with FZ. 
 
Analysis review 
This methodology acknowledges the importance of reviewing the results of the 
analysis with the respective project manager and the financial controller having the 
detailed knowledge. In addition to validating the results, this review would reduce 
the “not-invented-here” syndrome. Therefore, it would increase the acceptance of the 
analysis, its results, and responses necessary. The review on analysis result regarding 
should include: 
 

•  Project risk and opportunity performance. Review of relevancy and accuracy; 
are the interpretation of the issue and the risk descriptions correct? 

•  Cost exposure. Evaluation of costs related to issue and mitigation action cost. 
Also, evaluate probability to close risk with mitigation action. 

•  Risk trends and commonalities within the project.  Evaluate if a 
commonality or trend is found and how to respond to it. 

•  Effectiveness of the mitigation action. Compare probability of mitigation 
action and evaluate what went wrong 

5.7 Portfolio risk analysis benefit 

The benefits of the analysis can be viewed in three levels: 
 
1. Improvement of project risk and opportunity effectiveness: 

•  Reflect/ adopt mitigation actions; 
•  Identified common focus areas (e.g. site, product, function); 
•  Feedback and experience from other projects and their mitigations; 
 

2. Portfolio analysis review: 
•  Portfolio common risks; 
•  Portfolio risk trends; 
•  Focus areas to improve (e.g. site-, product specific). In other words, identify 

performance optimization improvement projects; 
•  Performance metric on portfolio risk and opportunity effectiveness; 
 

3. Organizational review: 
•  Common risks within all portfolios; 
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•  Non-project-specific common portfolio risks; 
•  RIRR metric10 on organizational risk and opportunity effectiveness. 

5.7.1 Pilot testing of methodology 

Because the pilot test was conducted together with the developed metric, this will be 
described in more detail in the next part of the research journey.  

5.8 Summary 

Part 3 of this thesis has described the development of a methodology for managing 
project portfolio risks.  The methodology is developed to provide an overview of the 
risks within the portfolio. Still, this methodology explicitly emphasizes that project 
related risks are still managed according to the process described in the previous 
chapter. However, as there are too many risks to be overviewed, this methodology 
provides the holistic view of trends and commonalities within the portfolio of 
projects.  
 
The analysis methodology explicitly focuses on project issues and risks. However, it 
is implied that opportunities are also identified in two ways. First, a risk in one 
project could mean an opportunity for other projects in earlier stages of the project 
life cycle. If the result shows a common risk or a trend toward a particular risk, 
actions and experiences can be focused towards projects that could face the same risk. 
Second, analysis results that from a single project perspective might be seen as a one-
time event or state could from a portfolio perspective be seen as a trend or a portfolio 
common risk. Hence a consolidated action would be possible to reduce the portfolio 
exposure, turning the risk into opportunity. 
 
However, this methodology requires additional resources to be invested since the 
analysis depends on an experienced risk analyst not part of the risk management 
organization of today.  In addition, and not part of this research, software must be 
developed that is able to sort and analyze according to the methodology described. 
Furthermore, as project portfolio management implies a link to the business in the 
form of strategy and the correlation to business results (one major factor in portfolio 
management), this methodology only acknowledges and supports the first of them. 
The financial link will be described further in the next chapter.   

                                                 
10 The RIRR metric will be described in the next chapter. 
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Part Four 

 
 
 
In this chapter, the implications on the measurement of risk management 
effectiveness are presented based on the industrial situation presented in the 
previous chapter. First, the previously developed metric RMMI is discussed followed 
by related theory on risk management effectiveness metrics and its implications. The 
conducted case study is then described, followed by the result and pilot study of the 
developed metric.  
 
In part 4, the results from the study made in part 3 were translated into design 
requirements for a methodology to measure the effectiveness of the risk management 
process. Although parts 3 and 4 were partly conducted in parallel, they are separated 
into two parts, parts 3 and 4, in the thesis for informative reasons. Also, a metric was 
developed for measuring the effectiveness of risk management. It is interrelated to 
the project portfolio risk management process developed. It should be noted that a 
difference exists between what is meant by efficiency and effectiveness. Also 
included in part 4 is a pilot study conducted consisting of 16 projects with the aim of 
verifying the two developed methodologies.  
 
The systems model (see Figure 32) is the same as in the previous part. However, the 
output of the system is the effectiveness of the risk management process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 32: An illustration of the systems model for project portfolio and the project portfolio 

risk management, where the output is project and portfolio effectiveness 
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6. Measurement of risk management 
effectiveness 

 

6.1 The industrial situation 

As this part of the research took place simultaneously with the previous chapter’s 
research, the industrial situation previously described would naturally be the same 
as here. However, as also described, the findings implied the need for a metric to 
justify the overall investment in project risk management and the need to verify the 
effectiveness of the process applied in each project. 

6.2 Problem statement  

There might be a need for different metrics for the risk and opportunity management 
process depending on organizational and project maturity. When the concept of risk 
and opportunity management is to be introduced in an organization or if it is to be 
introduced to a novel project organization, it might not be that performance is the 
major metric to measure. Instead, if we could divide the metric into at least two parts 
(implementation of the process and the process as an integral part of project 
management), we would at a minimum need two different metrics. When 
implementing the risk and opportunity management process, the main objective 
would be to gain an understanding of and acceptance for the process. In such a stage, 
an implementation, or a maturity metric as described in the previous chapter is 
suggested as being suitable. However, as the process is implemented and used by 
projects, another metric could be needed. This is because the previously developed 
metric loses its use when the RMMI metric is achieved (when the efficiency score 
reaches 100). 
 
The RMMI has been considered a very good metric from a project and in the senior 
management view, in two ways 
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1) It describes the implementation status, i.e. if the risk management functions 
are assigned, if workshops are conducted, if risk management is on the agenda 
at project meetings etc.  

 
2) It describes the efficiency of the process, i.e. how well projects are applying the 

developed processes in their daily PM work 
 
This metric has proven valuable when implementing a risk and opportunity 
management process. However, the use of the metric ends when projects reach an 
RMMI value of 100 (a maturity of 100%).   

6.2.1 Comparing the situation within the company with some initial theory 

Definitions of the word “mature” often include the theory of having reached a state 
of full maturity and maximum development.  If the concept of maturity is applied to 
an organization, it might refer to a state where the organization is in perfect shape to 
achieve its objectives. (Andersen and Jessen 2002). Even if it is argued that this metric 
has some features necessary for measuring process efficiency in the implementation 
of the process, it still lacks some major indicators for measuring process effectiveness. 
If a project reaches an RMMI of 100, how effective is the process? This metric reflects 
how well a project applies basic elements of the risk and opportunity management 
process. Andersen and Jessen (2002) adopt a broad definition of maturity that 
includes both behavior and competence. The view is that maturity within the 
business community is best explained as the sum of action (ability to act and decide), 
attitude (willingness to be involved), and knowledge (an understanding of the impact 
of willingness and action). Compared with the RMMI, this metric would not answer 
these questions. Thus, there is a need for an additional metric assessing the 
performance of the process. Another important aspect of a metric is its ability to 
reflect financial benefit. Introducing and managing a risk and opportunity 
management process requires resources that arguably could be used elsewhere to 
create value to the project. Thus, the effectiveness of the risk and opportunity 
management process should be able to be shown financially.   

6.3 Relation to research questions 

Research question 5 was formed based on the results achieved from conducted 
research and the problem statement described above. Part 3 and 4 were partly 
conducted in parallel, and provide complementary answers to the same research 
question.  
 
Q5:   How can a project risk management process be developed to fit the 

need of managing risks and opportunity from a project portfolio 
perspective? 
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6.4 Related theory of effectiveness measurement 

Measurement of performance has a deep meaning within every community. How 
else can we compare our efforts and results with others? Mankind has always tried to 
measure the effects and performance of their actions. This originated with the ancient 
Greeks, who started to measure primarily as a way of reflecting on the probability of 
chance (Bernstein 1996). Athletics constantly measure their performance to know 
who the “best-in-class” performer is. In every day life we are constantly measured, 
and measures others, on performance, whether it regards your tennis partner, 
workmate, or neighbor. However, one major implication is that any measurement 
should be able to be compared to another metric, a benchmark or “best-in-class” 
performance. For instance, if a process has 500 defects per million opportunities, is 
that good or bad?  
 
In organizations, project and process metrics are measured and acted upon. Since 
some activities are far too complex to measure, processes, models and other 
simplifications provide the possibility to measure performance. Often performance is 
perceived primarily in terms of dimensions that can be measured, such as time and 
cost, or particular aspects of quality (Chapman and Ward 1997). But how can an 
organization know whether its projects and processes are adequate? 
 
Nowadays, many companies have identified a number of key processes to ensure 
success in achieving project objectives. Project management involves several 
processes utilized to achieve the best possible management of a project. Different 
objectives of processes, both transactional (strategy processes and risk and 
opportunity management for example) and operational (manufacturing for one), 
imply differences in difficulty to measure their performance. Although most 
processes have some type of metric to measure performance, their interaction on the 
overall project performance would be difficult to measure.  The basis of the process 
view is embodied in the following principle: for organizations to be more efficient 
and effective, the various functional areas need to work together towards a common 
goal (Sandhu 2004). Since both transactional11 and operational processes interact and 
support the project management process, several sources of uncertainty are present 
which would influence the project outcome. The successful business will be the one 
that manages its projects most effectively, maximizing competitive benefits while 
minimizing the inevitable uncertainty (Hillson 2003). 
 
The outcome of these processes depends on their ability to appreciate the presence of 
risk and opportunity. Measurements of the performance of a risk and opportunity 
management process are associated with some implications. This is mainly due to the 

                                                 
11 A transactional process is an administrative process resulting in a service or increased knowledge rather than 
in a physical product. 
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reason that the process itself does not have a business related value (i.e. the outcome 
of the process cannot easily be defined in terms of time, cost and quality). It is not the 
objective to discuss definitions of risk and opportunity management and its scope. 
Risk and opportunity management is seen as the structured process of managing 
uncertainties in a single project as well as in the business itself, including project 
portfolio, supporting functions and senior management. 
 
When discussing metrics and measurement, it is important to clarify the difference 
between efficiency and effectiveness. This thesis understands efficiency as: how well 
the process utilizes input to create value as output, or how well the input is used to produce 
an output (i.e. doing it the “right way”). Effectiveness is understood as: how well a 
process brings value to the organization (i.e. doing the “right thing”). Deleryd (1998) also 
supports this view.  

6.4.1 Implications on risk and opportunity process effectiveness metric 

The project management process involves a lot of processes that, in combination with 
other supporting processes, provide the pre-requisite for the overall project 
management process to be successful. One of the most important processes is the risk 
and opportunity management process. From a measurement point of view, it is very 
difficult to measure the effectiveness, since the risk and opportunity management 
process itself does not produce any concrete deliverable. Culp (2001) describes an 
organization’s view of risk management as being perceived as a cost center whose 
primary purpose is the reduction of financial risks seen to be undesirable virtually a 
priori. Although the narrow view of risks, and not opportunities, is as their being 
financial, which in the end they ultimately are, the perception of the process as being 
a cost rather than value adding is interesting. Instead, it could be argued that the risk 
and opportunity management process helps to solve potential problems or enable 
enhancements in the other processes necessary for realizing a project. Depending on 
the maturity of the company this process could include both the project’s own 
processes and other major key processes in a company. Examples of such processes 
are: supply management, financing, logistics as well as HR processes, IT processes, 
and travel management processes.  
 
If we look at an example it is shown that for the specific company there can be up to 
120 main processes that should perform and, in various degrees, interact with one 
another. Many companies see the risk and opportunity management process as one 
of the most important ones. Still, it is quite difficult to measure the impact. For 
operational processes, such as an assembly line or a machine, it is easy to find metrics 
on performance. However, for transactional processes, such as the risk and 
opportunity management process, it is very difficult since the process in question 
interacts with other soft processes that could be difficult to measure themselves.  
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Process implications 
The essential purpose of risk management is to improve project performance via 
systematic identification, appraisal, and management of project-related risk 
(Chapman and Ward 1997). All in all, the risk and opportunity management process 
does not in itself as a process bring value to the project. However, it assists other 
processes to bring value to the project management process. Nonetheless, one could 
argue that it brings value to the project objectives and success in terms of reducing 
the risk provision in the project (in other words, increasing the profit margin). The 
author can agree with this argument only if it could be made sure without any doubt 
that it is the risk and opportunity process that brings such value. But how can we be 
sure that this is the case? What effect on the reduction of risk provision was 
originated from the risk and opportunity management process, and how much was 
the result of other processes involved? It is then implied that such other processes 
could easily be measured since they themselves bring value and, hence, they are 
measurable. Usually these processes have their origin within the line functions (for 
example, engineering, supply management, manufacturing. Therefore, as a process, 
it is possible to measure them through the use of time, quality and cost.  
 
Most measurement occurs at the process level where the transformation from input 
(resources applied) to output (goods and services) takes place (Skogstad 2004). 
According to Skogstad there are four main categories for assessing performance at 
the process level: 

•  Cost effectiveness (e.g. $ 6.22 per invoice); 

•  Staff productivity (e.g. 93 invoices processed per FTE); 

•  Process efficiency (e.g. an 11.2 percent error rate); and, 

•  Cycle time (e.g. a processing time of 3.8 days). 

Trying to apply the same approach to the risk and opportunity management process 
would be rather difficult. This is especially visible in the following example, where 
above performance categories are used for the risk and opportunity management 
process:  

Cost effectiveness: could be measured as how much the risk process cost or how much 
money was spent on mitigating the risk – perhaps in comparison with the total risk 
cost in the project. 

Staff productivity: how many risks and opportunities does a risk or opportunity 
owner have, and how many of them are successfully closed in time?  

Process efficiency: a qualitative measure of, for instance, if a project applies all aspects 
of the process correctly. Stated another way, did the project conduct a risk and 
opportunity identification workshop, do all risks and opportunities have an owner 
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assigned, a percentage of risks turned into opportunities, a percentage of first 
estimate of risk versus final cost of mitigated risk etc. 

 Cycle time: one could measure lead-time beginning from when a risk is identified 
until it is assessed and a risk owner has started the response, or it could be the time 
from risk owner assignment to successfully closing a risk.  

Outcome recognition of broader project performance measures beyond the usual 
time, cost, and quality used for control monitoring clearly needs to be addressed 
(Szymczak and Walker 2003). Compared to the basic metrics of time, quality and cost, 
the comparison appears simple. However, it is suggested that the examples only 
reflect on the efficiency of the process rather than the effectiveness. Thus, 
acknowledged process metrics cannot easily be used for measuring risk and 
opportunity process effectiveness.  

Metric implications 

The role of risk and opportunity management in managing projects is mostly well 
recognized and understood. Despite this sustained interest, most organizations and 
project managers would agree that risk management is not producing the expected 
and promised benefits (Hillson 2004). Many metrics lack a baseline. In other words, 
how good is good? What if the quality is higher in one project than the other – how 
does that affect the project outcome? Or is it good or bad if the cost of risk and 
opportunity management is lower in one project. 
 
Every metric should have, at the very least, a rule that defines where the comparison 
value can be identified, how to assess the information, when to act, and what type of 
action is required (Robson 2004). Since the prerequisites for projects sometimes differ 
substantially within the same company when it comes to for instance customer, 
scope, degree of technology, resources, duration, comparing between projects could 
portray a biased view.  
 
However, when comparing projects, if differences between low performing and 
“best-in-class” performing projects were analyzed at the same time, a general 
improvement incentive could be reached. Robson (2004) argues that measurement 
has become such an accepted approach within organizations that considerable effort 
is expended on trying to identify “what” can be measured and “How” to measure it. 
However, few people genuinely challenge “Why” they should measure in the first 
place. This reflects the dilemma of trying to measure the performance of risk and 
opportunity management as a process and how that performance impacts on the 
overall performance of a project.  
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6.5 Case study 

The purpose of the case study was to identify the major concerns concerning the 
effectiveness of the existing risk management process. The intermediate results from 
the first part of the case study indicated the need for a metric to measure the 
effectiveness of the process. The second part of the case study was then added with a 
focus on how to measure the effectiveness of the risk management process. The 
research methodology applied is described in the previous chapter.  
 
In addition, the senior financial manager and one financial manager were 
interviewed regarding the financial aspects of the effectiveness metric. Furthermore, 
since one of the portfolio managers had a background in project financial 
management, a deeper interview with that person was conducted. The interview 
revolved around the link between risk management effectiveness and financial 
reporting. 

6.5.1 Case study results 

As previously described, the respondents considered the existing risk management 
process insufficient for the management of project portfolios. The main finding was 
the lack of an overview of the risk and opportunities within the portfolio. Since the 
portfolio manager also has the financial responsibility for the portfolio, it was 
considered important to have a similar overview of the magnitude of risk and 
opportunity impact. A portfolio manager continuously balances the project risks and 
opportunities within the portfolio, provides resources to respond to risk, and tries to 
reduce the total impact of risk to the portfolio.  
 
Some projects seemed to take risk management lightly. They did not apply the 
process as required but rather intuitively managed risk and opportunity. 
Furthermore, it seemed as if some of those projects were better at successfully 
maintaining the project margin. This implied a dilemma for portfolio managers: 
should they invest more resources into a project in order to reduce the risk impact? 
The general consensus among the portfolio managers was that they could not know 
if the risk management process used in their projects was good enough to meet the 
project requirements on time, quality and cost. Project risk management affects all 
these project metrics, but to what extent and to what effectiveness could not be said.  
 
As previously described, the RMMI metric used could not answer such questions 
regarding the effectiveness of the process (how effective are the results of risk 
management in the projects?). The measurement of risk management is very difficult; 
not until the closing of the project can effectiveness be judged. On the other hand, it 
would be very hard to determine if it was due to the result of risk management that a 
project became successful or if it was other factors influencing the project success. It 
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is beneficial here to view the project as a system in which there are relations between 
different elements and activities and there are additional external influences from 
outside of the system boundaries that the effect the objective of the system. This 
provides the dilemma in measuring risk management: is the result of the system 
(project or portfolio) due to the effectiveness of risk management or is it because of 
other influences (either within or outside the system) affecting the result of the 
system? 
 
The major finding from the case study regarding the measurement of risk 
management effectiveness was that it had to show a financial benefit. Until now, the 
financial measurement of risk has been the quantitative risk and opportunity 
assessment. Such financial measure only provides an indication of a potential future 
impact. Such impact can only be verified once the risk or opportunity has been closed.  
Furthermore, such measurement can only, based on the RMMI, measure the cost of 
response cost compared to the anticipated risk cost or opportunity benefit. Stated 
more simply, it is based on assumptions.  
 
As a complementary result not part of this case study, the researcher has also made 
“post-mortem” reviews on closed projects to review previous risk management 
performance. This review was achieved by comparing the initial risk and 
opportunity costs to the project financial margin. The review was then conducted 
when the project was closed, aiming to reveal if: 1) the initial risk cost assessment 
was correct; 2) the project margin was kept; and, 3) if not, could any indications be 
seen in the risk management performance. The information gained is not included as 
a part of this thesis as it concerns project and company financials not suitable to 
reveal. However, the results have been used to gain increased knowledge that, in 
turn, has been used along the research journey. 

6.6 Research results – part 4 

It is suggested that a new metric for risk and opportunity management process 
performance would provide benefits not only from a measurement perspective, but 
also as increased general acknowledgment and acceptance of the process itself 
(Olsson 2005). This metric will isolate the risk and opportunity management process 
from other processes, and will provide an unbiased view of the performance of the 
process. Furthermore, this metric will show the financial benefit of applying the 
process to a project or a portfolio of projects. 
 
Bearing in mind the three components of maturity (action, attitude and knowledge), the 
Risk and Issue Reconciliation Register (RIRR) is introduced. As discussed earlier, the 
basic measurement of process compliance and basic metric as time, cost and quality 
does not give an objective measure of the effectiveness of the risk and opportunity 
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management process. Instead, this metric has project problems as a starting point. In 
project reviews, major problems, hereby called top issues, are presented and 
discussed. As a reminder, an issue is understood here to be a risk with a 100% 
probability, i.e. a real problem. Using these top issues and comparing them with 
identified risks and their responses has helped developed a metric for risk 
management effectiveness.  
 
The RIRR metric consists of four parts: 

1. Comparing top issues with previously identified risks, answering the question: 
has this top issue previously been identified as a risk? This measures the 
effectiveness of risk identification. 

2. Comparing top issues with mitigation actions, answering the question: have 
there been any previous actions to reduce or eliminate the risk before it 
became a top issue? This measures the effectiveness of risk response planning 
and risk response outcome. 

3. Analysis of the nature of the uncertainty in the two categories, epistemic 
(based on knowledge or lack of knowledge – could this top issue previously 
have been predicted?) or aleatory (top issue appearing without the possibility 
of being predicted) 

4. Cost of top issues. How much cost has it incurred / will it incur?  
 
Whether it is a single project to be measured or if projects are clustered into 
portfolios, this metric will provide an effectiveness measurement, where the result 
can be used to increase risk and opportunity management effectiveness. Part 1-2 
measures the effectiveness in managing risk and can be benchmarked against other 
projects. Part 3 analyses the risk of whether the project should have been able to 
foresee it. Finally, part 4 details the financial link to project financials.  
 
RIRR part 1 - how effective is our risk identification? Measuring the relationship 
between the number of issues and the number of identified risks will give us a 
measure on our ability to identify the correct risks, i.e. risk identification 
effectiveness. The rationale is that risks could have been identified before they turned 
into issues (see Figure 33). 
 
The formula used is: 100 x (Number of corresponding risks/ Number of issues). 
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Figure 33: Illustration of RIRR being used for assessing the effectiveness of risk identification 
 
RIRR part 2 - how effective is our risk response? Measuring the relationship between 
the number of issues and the number of identified mitigation actions will give us an 
indication of our ability to understand the risk and identify and execute actions. In 
other words, it will provide us with an indication of our effectiveness in 1) planning 
the correct response plans and 2) finalizing the plans. 
 
The formula used is: 100 x (Number of risks with response action/ Number of issues). 
 
Part of this analysis is to reflect on the result. In other words, when the risk response 
is insufficient and the issue occurs, it should be analyzed why the risk could not fully 
be removed. An example is illustrated in Figure 34.   
 

•  Was the risk vaguely described? 
•  The assumed probability of success 
•  Was the risk response put into action? 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 34: Illustration of RIRR as being used for assessing the effectiveness of risk response 

planning and risk response action 

Total number of issues per 
project

Total number of risks previously 
identified for the issues

Project name
# of 

issues
# of ID 
risks

# of 
mitigation 

actions

RIRR 
(Risk)

RIRR
(Mitigation 

Action)
# Epistemic # Aleatory Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93

Total number of issues per 
project

Total number of risks previously 
identified for the issues

Project name
# of 

issues
# of ID 
risks

# of 
RIRR 
(Risk)

RIRR
Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93

Total number of issues per 
project

Total number of risks previously 
identified for the issues

Project name
# of 

issues
# of ID 
risks

# of 
mitigation 

actions

RIRR 
(Risk)

RIRR
(Mitigation 

Action)
# Epistemic # Aleatory Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93

Total number of issues per 
project

Total number of risks previously 
identified for the issues

Project name
# of 

issues
# of ID 
risks

# of 
RIRR 
(Risk)

RIRR
Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93

Total number of issues 
per project

Total number of mitigation 
actions per issue

Project name
# of 

issues
# of ID 
risks

# of 
mitigation 

actions

RIRR 
(Risk)

RIRR
(Mitigation 

Action)
# Epistemic # Aleatory Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93

Total number of issues 
per project

Total number of mitigation 
actions per issue

Project name
# of 

issues
# of ID 
risks

# of 
RIRR 
(Risk)

RIRR
Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93

Total number of issues 
per project

Total number of mitigation 
actions per issue

Project name
# of 

issues
# of ID 
risks

# of 
mitigation 

actions

RIRR 
(Risk)

RIRR
(Mitigation 

Action)
# Epistemic # Aleatory Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93

Total number of issues 
per project

Total number of mitigation 
actions per issue

Project name
# of 

issues
# of ID 
risks

# of 
RIRR 
(Risk)

RIRR
Cost

(MEURO)

Project 1 5 0 0 0 0 5 0 x,9
Project 2 3 2 2 67 67 2 1 x,65
Project 16 3 2 2 67 67 3 0 x,68

Sum Project Portfolio 
(16 projects) 47 21 20 45 43 43 4 x,93



115 

RIRR parts 3 and 4 - In order to make this metric more accepted and used as a means 
for improvement, it is important to review the metric with the respective project 
manager and project controller having the detailed knowledge, i.e. attitude and 
knowledge. Part of this metric would then be to review and agree/ update analysis 
result regarding: 

•  Project RIRR index.  
•  Relevancy and accuracy. Is the interpretation of the issue and risk descriptions 

correct? 
•  The nature of the uncertainty (epistemic or aleatory).  
•  Cost exposure. Evaluation of costs related to issue and action cost.  
•  Effectiveness of the response action. 
•  Compare probability of response action and evaluate what went wrong. 

 
Figure 35 illustrates an example of the overall RIRR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 35: Illustration of RIRR being used for a single project (top explanations) and as a 
metric for a project portfolio (bottom explanations) 
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link to the project profit margin. It is further proposed that the effectiveness of risk 
and opportunity management process has a direct effect on the project objectives, 
and one could see the benefits of increasing the effectiveness of risk and opportunity 
management as a means of affecting a positive financial result. 

6.6.1 Pilot testing of portfolio risk analysis methodology and of effectiveness 
metric 

A pilot study was conducted to verify the methodology of portfolio risk analysis and 
the RIRR metric. One of the project portfolios in the division was selected. The 
portfolio consisted of 16 order realization projects. The pilot analysis was conducted 
according to the process described above. The researcher and an associate took the 
roles of risk analyst both for the portfolio risk analysis and for the RIRR metric. The 
results from the pilot analysis were presented for the portfolio manager and the 
senior management team of the division of study. There was a disagreement in the 
decision not to further pursue the proposed methodology.  
 
The model and methodology as well as the metric developed were not further 
implemented into the division. However, other divisions within the company have 
adopted the developed methods and metric. It is argued however, that the existence 
of project portfolio management is an espoused theory. The theory-in-use resembles 
more a multi-project management focusing on a more consolidated financial 
understanding. A change in theory-in-use did not at the time fit the view of the 
division, since other areas of project management were considered more important to 
focus on.  

6.7 Summary 

Part 4 of this thesis has described the development of a metric for measuring the 
effectiveness of project risk management. This metric shows the effectiveness of 
project or portfolio risk identification, risk planning, and actions. It also differentiates 
between foreseeable and unforeseeable risks in order to allow an unbiased view of 
the prerequisites for risk and opportunity management. Furthermore this metric 
links the effectiveness of risk and opportunity management with project financials, 
showing that an increased effectiveness would reduce the risk costs often not 
budgeted. As the case study is verified for 16 projects within a portfolio, general 
conclusions cannot easily be made, especially regarding the correlation between the 
metric and the correlation to financial figures. The study has indicated that a 
correlation exists between RIRR index and the margin slippage of the project or 
portfolio. However, the number of projects within the portfolio is insufficient for 
establishing the correlation. Continuous research with longitudinal studies for 
several project portfolios needs to be made to verify the correlation. 
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Part Five 

 
 
 
In this chapter, aspects of opportunity management are discussed since opportunity 
is an important aspect affecting the project performance. The chapter starts with the 
industrial situation and its relationship to opportunity, followed by additional 
related theory on opportunity and uncertainty. Further, a description of the 
conducted case study and its results is presented. 
 
Part five relates to opportunity, i.e. the positive effect of uncertainty, where previous 
results indicate a low degree of opportunities identified compared to risks.  A case 
study was conducted in eight different companies with the aim of understanding the 
components influencing the management of opportunities within a project. 
 
The system is modeled with the project as a systems boundary. As previously 
presented in this research, the management of opportunities is considered 
inadequate. The aim of this part is to increase the level of detail in the system, as 
illustrated in Figure 36.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 36: An illustration on the systems model for a project where some potential factors for 

affecting the management of opportunity is sought within this part of the research 
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7. Opportunities as a part of risk 
management 

 

7.1 The industrial situation 

Having managed risk and opportunity in a structured way for several years, the risk 
management maturity among projects has increased considerably. Project managers 
see risk management as an integral part of project management. The application and 
effectiveness of project risk management differs between different projects, countries, 
and prerequisites for different projects. A repeat order to the same customer would 
not apply the same rigorous process or risk management as a project with a novel 
product, complex relations and unclear requirements from a new customer in a 
country not accustomed to doing business with.  
 
Since projects become more complex and delivery schedules shrink, new demands 
are put on realization projects. In a competitive environment, profit margins are low 
and the battle for winning a bid is fierce. Such conditions make it even more 
important to manage the project effectively and to deliver to set objectives and goals. 
From the smallest supplier to the last screw mounted on the product, everything 
must perform as planned.  

7.2 Problem statement  

One major factor influencing the project ability to see, understand, and act upon 
uncertainties is the project risk management process. Project risk management 
provides a realization project with an initial cost impact of the risks and 
opportunities based on the work in the bid project and initial risk activities in the 
realization project. However, risks identified during the project life cycle are usually 
not included in the project financial calculation. By managing the risks and 
opportunities identified in the bid project or early in the realization projects, the 
anticipated risk cost impact will result as calculated in the financial calculations. 
However, as the aim is to improve the project situation, other improvements are 
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needed to improve the profit margin. That would balance the unidentified 
uncertainties that most likely will affect the project during its life cycle.  
 
To identify and realize opportunities during the realization project is one way of 
increasing the project financials. Opportunities, as previously described, is part of the 
project risk management process. However, the focus on risks has been greater than 
on opportunities. Early in the research project described in part 1, the researcher 
compared the relation between identified risks and opportunities. The situation at 
that time was in favor for identified risks with 85% of the total identified 
uncertainties. Recently, the same comparison revealed that risks stand for 90% of the 
total uncertainties. There might be several reasons for this skewed focus, but all can 
agree that the present project status is improved by exploiting opportunities. If 
compared with the situation described above, it indicates that the focus on 
opportunities needs to be improved. Stated another way, the company needed to 
find positive uncertainties that would enhance the expected situation 
 
The most interesting question is, then, the following: where lie the major barriers to 
improving the management of opportunities? The result could then assist in 
directing risk management research focus towards areas that would have the most 
beneficial effect in turning risk management into risk and opportunity management, 
rather than arguing which process or tools to use. However, before attempting to 
answer such a question it is necessary to find the view on how projects perceive 
uncertainty and opportunity and where it is felt that they can be found. 

7.3 Relation to research questions 

Research question 6 was formed based on the results achieved from conducted 
research and the problem statement described above. Results from parts 5 and part 6 
provide complementary answers to this research question. 
 
Q6:  How can the management of the positive outcome of uncertainties 

(i.e. opportunities) be improved? 

7.4 Related theory of opportunity management 

7.4.1 The view of opportunity 

Risk has traditionally been seen as an adverse factor or event, hindering a project 
from achieving set objectives to meet budget and time requirements. However, some 
definitions incorporate risk as being a positive or negative outcome of uncertainty 
(See e.g., Hillson, 2002, Ramgopal, 2003, or PMBOK, 2004). Whether definitions of 
risk include positive and negative outcomes, some researchers argue the need to 
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improve the risk management process to incorporate opportunity (See e.g., Pender, 
2001, Jafaari 2001, or Ward and Chapman, 2003). However, not until recently 
challenges towards existing risk management processes have been raised (See e.g., 
Ward and Chapman 2003, Hillson 2004, Holt 2005, and Chapman 2006). Such 
challenges focus on the risk management process itself, the suitability within an 
organization, other aspects influencing the effectiveness of risk management, tools 
and techniques for enhancing the management of uncertainties, and the acceptance 
and enhancement of opportunity management.  
 
As previously described, some researchers argue that the risk management process is 
capable of managing both risk and opportunity. Defining risk would make it easier 
to understand the rationale behind the development of such processes and would 
enhance the ability to verify its applicability.  As an example, Hillson (2004) gives a 
general but quite useful definition of risk as any uncertainty that, if it occurs, would 
affect one or more project objectives. Defining risk as an uncertainty, it would be equally 
the same case for opportunity. This definition would apply to opportunity since it, 
too, is derived from uncertainty. However, ultimately the lack of certainty is what 
matters when related to specific project objectives.  

7.4.2 The view of uncertainty 

Then what is uncertainty? It is not an easy question to answer. However, it is 
apparent that uncertainty exists in everyday life, in organizations, and in projects. 
There are several attempts to classify what uncertainty is. Frank (1999) describes 
uncertainties as either aleatory or epistemic. Aleatory uncertainty cannot be foreseen 
(from the Latin alea, meaning die (pl. dice), having to do with chance). Epistemic 
uncertainty, on the other hand, is defined from a lack of knowledge (could have been 
foreseen given more knowledge). Hillson and Murray-Webster (2005) assert that the 
two aspects of uncertainty are variability and ambiguity. Here, variability means 
when a measurable factor can have one of a range of possible values.  
 
Such uncertainty is, as described by Frank above, known as aleatory. The event is 
defined but the outcome is uncertain because it is variable. Ambiguity, on the other 
hand, is defined as uncertainty of meaning. It can be applied to whether or not a 
particular event will happen at all, or whether something else unforeseen might 
occur. Also here, this type is described as epistemic uncertainty since there is 
incomplete knowledge about the situation under consideration. Pender (2001) argues 
that uncertainty applies when there is no prior knowledge of replicability and future 
occurrences defy categorization (i.e. aleatory uncertainty). In decision modeling, 
uncertainty is defined as the amount of lacking information that can become 
knowledge (i.e. epistemic uncertainty). It is not possible to see the link between 
uncertainty, risk, and opportunity from this. Instead Hillson (2004) attempts to link 
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risk with uncertainty based on the distinction between aleatory and epistemic 
uncertainty in the following couplet: 
 
 Risk is measurable uncertainty; 
 Uncertainty is unmeasurable risk. 
 
This implies that an uncertainty is to be considered a risk when measurable. 
However, Hillson considers risk as having both positive and negative consequences 
on project objectives. This also follows Lefley (1997), who argues that although risk 
results from uncertainty, risk and uncertainty are theoretically not synonymous. Risk 
involves situations where the probability of outcome is known. Uncertainty is when 
the probability of outcome is unknown. It is obvious that different opinions exist 
regarding what to consider as uncertainty, risk and opportunity. Regardless of one’s 
opinion on how to define risk and opportunity in relation to uncertainty, the aim of 
this part is to focus on opportunities, which most researchers agree is the positive 
effect uncertainty has on project objectives.  
 
Holt (2004) argues that many aspects of risk remain unacknowledged. He attributes 
this to two factors: risk has been seen largely in terms of technical, means-end 
reasoning, and the solutions offered under a condition of reflexive modernity remain 
oriented to a rational calculus. Thus, a wider view of risk management is needed 
when describing the risk management process to adopt more than simply “tame” 
problems, i.e. those that are seen as mechanical, consisting of parts that when broken 
down attract fixed, linear, and/or optimal solutions.  By describing “messes” and 
“wicked problems” Holt argues that the ability to manage problems extends beyond 
problems defined as “tame”. “Messes” is described as arising from systems 
interdependency and “wicked problems,” which result from the dynamic complexity 
of interdependent systems and from human cognition and behavior. “Wicked 
messes” are a combination of the two. The description of classes of problems and its 
relationship to complexity is summarized in Table 10.  
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Table 10: Problem types adapted from Holt (2004) 
 

Problem type Complexity Solution strategy Managed in 
today’s Risk 
Management 
processes? 

Tame Dynamic and 
structural 
complexity 

Analytical or 
algorithmic solution 

Yes, in systems 
functioning of 
multiple 
viewpoints  

Messes High dynamic 
complexity  

Commitment to 
understanding how 
things interact 

Often fail in 
contemplating 
influence of people 
in and between 
systems 

Wicked problems High behavioral 
complexity 

Emphasis on 
resolution between 
different solutions 
and the dissolution 
of confusions 

No 

Wicked messes High dynamic and 
behavioral 
complexity 

The 
acknowledgement 
that problems 
cannot be solved 

No 

 
This view is interesting to understand when considering the effectiveness of existing 
risk management processes. It also gives some suggestions on the rationale behind 
the reasoning regarding why opportunities are less regarded than risks. Problems in 
this case imply that both risks opportunities could be managed in the same way. 
However, it could be argued that the scope of risk management processes should not 
encompass behavioral aspects of project management. Rather, such aspects could just 
as well be part of organization theory or behavioral science. The findings of this 
study will be compared with the arguments of Holt.  

7.5 Case study 

The aim of this study was to find empirical evidence addressing the general opinion 
that risk management in practice is focuses mainly on risk, as opposed to 
opportunity. Also the opinion that existing risk management processes are not fully 
able to handle opportunities is also part of this topic. If this is not the case, it should 
be visible that there is a link and adherence to the company specific risk management 
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process when opportunities are managed or when an identified risk has been turned 
into an opportunity.  
 
Therefore, it is important to find which factors affect the ability to handle or manage 
opportunities in a project. The factors could be internal in a project or external in the 
organization or outside. Equally important is it to find commonalities of viewpoints 
between the different project managers and their way of approaching uncertainty 
within a project. Is it possible to find a generic step approach? 
 
A case study with experienced project managers from eight different companies has 
been performed to answer these questions. The studied companies were active in 
different industries and had different products, strategies and customers. Common 
for these companies was that they are well known for being proactive in project 
management and they are members of project management professional networks, 
trying to improve the management of projects.  
 
This case study will analyze how different projects handle and manage opportunities, 
how uncertainty and opportunity is defined and interlinked, how risk is perceived in 
different projects, and, finally, which effect different factors have on the ability to 
realize opportunities within the project. The case study methodology is further 
described in the appended paper D.  

7.5.1 Case study results 

In general, all the respondents consider risk management a very important part of 
project management. However, the understanding and application of the concept of 
risk management is widely dispersed. Most respondents include opportunity when 
talking about risk management. However, there is a difference between discussing 
risk and opportunity management and actually managing it, especially when it 
comes to opportunities. Opportunities are usually part of the risk management 
vocabulary for the respondents but when it comes to management, risk activities and 
mentality prevail. 
 
The results indicate that projects differentiate risk management in three different 
phases. 

•  In the tendering / bid proposal phase, where risk and opportunity 
identification mostly is originated from the company itself. Examples abound, 
including type of customer, technology, the ability to successfully achieve the 
customer expectations, and customer solidity. This is traditional business risk. 
Some projects estimate the risks and opportunities in terms of cost by 
functions. They then summarize and add an overall risk and sometimes 
opportunity contingency. Respondents found the tendering / bid proposal 
phase the most common for identifying opportunities.  



125 

•  In the project, where risk and opportunity owners are identified and assigned. 
These are actions conducted according to the contingency available to 
minimize the risk and realize the opportunity. Several tools and techniques 
were used but respondents usually have well defined procedures for forming 
a judgment.  

•  For the product, where the product was scrutinized to identify potential 
design or application risks. The adherence to the risk management process 
was apparent. Here, a clear distinction was found for projects in which the 
product is a medical device or used medically. For such products, patient risk 
is a key factor for the whole project, superseding other aspects of risk. In 
addition, opportunities were not clearly a part of the concept of risk 
management.  

Approach to manage uncertainty 

In the bid/tender phase of the project, the respondents use the risk management 
process. This activity can either be part of the business process or the risk 
management process. Whatever process used, the result could usually be called 
commercial risk identification and assessment. Formulated another way, it is the risk 
for the business itself in terms of customer credibility and degree of technology 
available versus requirements. Two distinctions could be made on the use of the risk 
management process as part of the project management process. Risk meetings and 
follow-up meetings were held according to existing process or to the overall project 
management meetings adopted by the company. Secondly, the results of project risk 
management varied between the projects. 
 
The tracking and reporting of uncertainty varied. Some projects found a strong 
requirement and interest in the follow-up of uncertainties. Others did not show 
interest in project uncertainties as long as the “iron triangle” (time, cost, and quality) 
was kept. However, the distinction between risk and opportunity was not 
unanimous. For projects where dominant governmental or other approval bodies 
dictate procedures, opportunities were not part of the normal project management 
vocabulary. Also, the planning of risk responses and making them happen was up to 
the project manager in conjunction with the functional representatives within the 
project.  
 
The management of opportunities in the project execution phase did not follow any 
formal risk management process in any of the projects. When opportunities were 
identified, it was due to other causes. Even if some of the projects included 
opportunities as part of the risk management scope, respondents did not make use of 
that when managing opportunities. Instead, respondents found that opportunities 
were identified because of other reasons. Those reasons included superior 
knowledge, chance, by having a holistic view and, determined work and dedication.  
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Perception of uncertainty and opportunity 
The respondents consider risk to be a negative outcome of uncertainty. All but one 
respondent sees uncertainty as the somewhat pragmatic view of being “something 
that you cannot foresee”, “… when you do not know what will happen …” The 
respondents felt that uncertainty usually stems from a combination of different 
variables. They include the surrounding environment and the attention of the 
surrounding world, the internal environment and the people that the project consists 
of, and the design and use of the product to fulfill customer expectation.   
 
All the respondents see opportunity as positive in several senses. Results indicate 
that opportunity stems from uncertainty, and opportunity is considered the positive 
perception of uncertainty. Opportunity also seems to be restricted to the lifecycle of 
the project. In other words, opportunity is a positive effect of uncertainty which can 
be managed during the life cycle of the project. One respondent argued: “… as soon 
as you talk about risk, it is the negative effect [of uncertainty] you are talking about 
and then you always miss out on opportunities. Instead, we talk about uncertainties 
and probabilities…” 
 
An important finding was that the more holistic view project members have on scope, 
constraints, project goals, and customer expectations, among other things, the easier 
is it to reflect on opportunities. Results indicate that one major difference between 
uncertainty and opportunity is the fact that when considering uncertainty a lack of 
holistic view was apparent Thus, the contrary existed when considering opportunity. 
Project managers reflecting on uncertainties have as a lack of an overall holistic view 
on events affecting the project and its efficiency in the execution and effectiveness in 
the organization and towards the customer.  

Factors influencing opportunity management 

This study finds several factors influencing a project’s ability to manage 
opportunities. These could be categorized into project internal and project external 
factors. In general, respondents view the internal factors as more influential in terms 
of improving the management of opportunities when considering the number of 
factors mentioned during the interview.  
 
Three factors are identified as major internal factors:  

•  Competence  
•  Team spirit  
•  Internal communication.  

 
Two factors are identified as major external factors:  

•  The ability to communicate with the customer and other functional disciplines  
•  The understanding of the customer view on project results.  
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Communication is mentioned in both internal and external factors. In the external 
factors, it is also implied in the other factor of customer view on project results. These 
two factors have in common the creation of a holistic view, a view of seeing the 
project from above and in doing so, being able to both oversee customer expectations 
and to communicate project related information (e.g. problems, expectations and 
assumptions) with the customer. 
 
Respondents also stated the importance of external information within the 
organization, with other functional disciplines as well as with stakeholders and 
steering groups. This communication would enhance the project manager’s 
understanding of other internal requirements expressed and unexpressed.   

7.6 Research results – part 5 

Three distinctions were visible when managing risk and opportunity. They were in 
the Bid/sales phase, project execution, and for the product. These distinctions are 
compared with what Holt (2004) describes as “tame”, “messes”, and “wicked 
problems”. “Tame” problems are convergent by definition; a solution is always 
assumed. Messes are convergent if we agree on what overlaps, on appropriate 
strategies, and on the kind of “climate” we wish to maintain. “Wicked problems” are 
divergent if no ethic or overriding social theory exist (Holt 2004). Based on this 
reasoning the findings in the case study are compared. Although respondents 
considered risk management as a very important part of project management its 
applicability differed depending on when it was used. 

7.6.1 “Tame” type of risks and opportunities 

Generally, “tame” types of uncertainties were found in the bid/sales phase and for 
the product. These uncertainties were the ones being managed through the business 
process or the risk management process used within the project.  In the bid/sales 
phase and for the product, the risk management process was used to the greatest 
extent. Risk management focus in bid/sales can be exemplified by the following: 
type of customer, available versus required technology, degree of innovation, the 
company’s ability to achieve customer expectation, customer solidity, knowledge of 
product, and type of project. Opportunities were identified in the bid/sale phase by 
using the risk management and/or the business process (the sales process). This 
phase was considered the major area for identifying opportunities. 
 
For the product, the use of risk management process was more obvious when the 
requirements from regulatory and approval bodies were apparent. There, the risk 
management focus was on product compliance, safety aspects of the product and 
production, and the end user perspective. Product opportunities were not identified 
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systematically according to a risk management process, and the frequency of 
opportunities was considered low.  
 
For “tame” types of uncertainty, overall activities can be broken down into parts. The 
components understood and the probability of known sequences of components in 
conjunction could be analyzed in terms of the possibility of a risk or opportunity 
occurring. In the areas suggested to be considered “tame”, the risk management 
process is able to identify, assess, and manage uncertainties. Bid/sales phase is 
considered as an area with structural complexity and analytical and algorithmic 
reasoning can solve uncertainties. Product related uncertainty may also be dynamic 
and behaviorally complex, since a product might contain human interaction by the 
customer or system interaction. 

7.6.2 “Messes” type of risks and opportunities 

The “messes” type of uncertainties is characterized by high complexity, and cannot 
be solved by component solving in isolation. Such problems are suggested to be 
present in an organization and in the project environment. Bid/sales and product 
uncertainties are considered the “tame” type of uncertainties. However, the bid/sales 
interaction with customers and/or other external stakeholders could imply a 
“messes” type of problem. Here the risk management process is suggested as not 
being able to manage uncertainties since the nature of the problems is more dynamic 
and behaviorally complex. The same applies to the product when interacting with a 
customer. Detailed requirement specifications, oral or written, would then be 
associated to “tame” uncertainties. Conceptual problems, where the customer 
requirements are not clearly defined, would then be associated to “messes” type of 
uncertainty. “Messes” type of uncertainties would then have to be solved by 
communication and discussion. 
 
Existing risk management process can to a degree cover dynamic and structural 
complexity problems. That would not however be the case with behavioral 
complexity. Organizations and projects have different stakeholders and different 
requirements and objectives. Thus, they demand a commitment to understanding 
how things going on “here and now” interact with other things going on “there and 
later”. The result of this study finds communication as an important factor in 
managing opportunity.  
 
However, managing opportunity for the “messes” type of uncertainty could not 
easily be done since it requires a holistic view of both organizational and customer 
expectations. Such expectations are not necessarily the same. Furthermore, 
opportunities and risk, if considered negative, most certainly require a systems view 
of activities. Two factors emerge here. First, in order to identify an opportunity one 
must be able to have a holistic view of objectives. Second, the secondary effects of 
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realizing the opportunity must be visible. In other words, what are the effects on 
objectives if the opportunity is realized?  

7.6.3 “Wicked problem” types of risks and opportunities 

“Wicked” problems cannot be solved. They can only be contained. This requires full 
acknowledgement that they are conditioning influences of fortune and necessity 
(Holt 2004). Such uncertainties are found within the organization and within a 
project. Pursuant to this statement, existing risk management processes, with its 
logical and convergent manner of dealing with uncertainty cannot fully manage 
“wicked problems”.  
 
Instead, another approach needs to be adopted. Holt argues the emphasis should be 
as much on resolution between alternative solutions and the dissolution of 
confusions, as on the pursuit of optimal solutions. This relates within as well as 
outside of the organization. The results of this study show that the understanding of 
customer view of project result is an important factor for enhanced opportunity 
management. This can be classified as a “wicked problem,” in that it is an 
uncertainty that might not be solved. It requires interaction and communication with 
the customer. In addition, it is by no means certain that the solution is achieved since 
it involves behavioral complexity. As one respondent said: “…if the business goes 
well for the customer we will get more work…” Here the customer expectations on 
the projects are unknown, based on the projects results on the customer’s success. 
This reasoning also is suggested by Kutch and Hall (2005) for whom it seems that 
ignorance of risk arises for two reasons. Firstly, project teams are unable to predict 
risk because of contextual conditions such as complexity and dynamics. Secondly, 
the teams are unwilling to look for risks outside their defined scope of project 
management skills. 

7.7 Summary 

Part 5 of this thesis has described the results of a case study conducted with the aim 
to find factors influencing a project’s ability to manage opportunities. The results 
indicate that projects usually have a risk management process that is used somewhat 
differently depending on when it is used. Risk is managed in all three phases 
identified. For certain projects, under rigorous requirements from governmental 
and/or approval bodies, product risk management was the most important process 
to apply. In the bid/ tender phase either the risk management process or the specific 
business process is used for identifying opportunities. In the realization project, 
several projects include opportunities in the vocabulary but rarely manage them 
satisfactorily. For products, risk management meant to respond to risks for the 
product itself. For medical companies, patient risk was the supreme importance from 
a risk management perspective.  
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The case study found several factors influencing the ability to manage opportunities. 
The common denominator for the project internal factors is the project manager since 
it is within her/his mandate and responsibility to enable good communication and to 
create the team spirit. He/she achieves this by understanding of the project 
objectives as well as the requirements from the organization and the customer. The 
common denominator for the project external factors is the creation of a holistic view, 
a view of seeing the project from above and, in doing so, being able to oversee 
customer expectations and communicate project related information (e.g. problems, 
expectations and assumptions) with the customer. 
 
The types of uncertainty within a project and its organization were compared to 
different types of problems: “tame”, “messes” and “wicked problem” types. When 
compared, a reason for why opportunity might and might not be identified and 
managed within the different phases found in the case study: the organization, the 
bid/sales phase, the project phase, and for the product. It is suggested that the risk 
management process is able to identify “tame” types of uncertainty, most often 
found in bid/sales phase and for the product. For “messes” type of uncertainties, the 
risk management process is suggested as not being able to identify opportunities 
since the nature of the problems is more dynamic and behaviorally complex. Instead, 
“messes” types of uncertainties would then have to be solved by communication and 
discussion. “Wicked problems” type of uncertainties cannot be solved, only 
contained. Instead, it is suggested that the emphasis should be on resolution between 
alternative solutions and the dissolution of confusions. Finally, “wicked messes” 
types of uncertainties require interaction and communication with the customer, and 
it is by no means certain that the solution is achieved since it involves behavioral 
complexity. 
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Part Six 

 
 
 
This chapter reflects on the differences in project risk management effectiveness from 
the start of the research until today. Furthermore, the link between project risk 
management culture and project performance is explored. The chapter begins with 
the industrial situation. It is then followed by additional related theory on project 
culture and project performance. The chapter concludes with a presentation of a 
description of the conducted case study and its results.  
 
In part 6, the results from the preceding parts indicated another change in the system; 
namely, the introduction of new components needed for increased understanding of 
the system. In the case study conducted, there were two units of analysis: the cultural 
effect on risk management and project effectiveness. Fourteen people within the 
project management community that were part of the same since the beginning of 
the research (in 2000) answered a survey regarding risk management and how the 
change in risk management culture has influenced project effectiveness.  
 
The system of study is the comparison of the system developed in 2001 and the 
existing system, where the system boundary is the single project.  During the 
research journey, the system has been developed, new components have been 
included and the level of detail has increased, as described in Figure 37. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 37: Illustration of the evolution of the systems during the research journey 
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8. The effect on project effectiveness 
from risk management culture 

 

8.1 The industrial situation 

The risk management process has developed during the research journey, starting 
somewhat six years ago. From the initial method and methodology for managing risk 
and opportunity described in part 1, it has evolved to analyzing portfolio risk and 
measuring effectiveness until today. The risk management process is considered as 
mature and effective as the company sees fit to have it be for assisting in delivering 
projects. Project management has become the preferred way to do business. In other 
words, the company has become the strategically decided project based organization. 
The company has downsized the number of manufacturing facilities and employees 
in order to streamline the organization and to increase the coefficient of efficiency. 
Therefore, even higher demands are placed on bid and realization projects.  

8.2 Problem statement  

The results from the previous part puts forward three major factors needed for 
managing opportunities: the ability of the project manager to develop a holistic view 
within the project, the organizational support and interest, and the ability to 
understand how other organizations affect the project objectives. These factors would 
possibly also increase the project management effectiveness. As project management 
effectiveness becomes more important, it is also needed to see how risk management 
affects and supports effectiveness. In previous parts, the use and benefits of 
introducing a project risk management process as part of the project management 
framework has been described. Such framework could be described as more “hard” 
aspects (process oriented in the way projects are run, managed and controlled). As 
people are the most important asset in project risk management, such factors should 
also influence the effectiveness of the process and ultimately the project effectiveness. 
Project success and effectiveness is in some way dependent on much more softer 
aspects. One may call them cultural aspects. How open is the atmosphere within the 
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project? Do the project members work as a team or are they more individually driven? 
Facts like this that affects the likelihood of project success, rather than project failure. 
 
Therefore, the change in project culture by introducing and sustaining a project risk 
management process must be understood. Has the project risk management process 
changed project culture in any way, and does that change affect project effectiveness?  

8.3 Relation to research questions 

Based on the results achieved from conducted research and the problem statement 
described above, the following research question was formed: 
 
Q6:  How can the management of the positive outcome of uncertainties 

(i.e. opportunities) be improved? 

8.4 Related theory of effectiveness measurement 

8.4.1 Project management success  

The success of carrying out a project is the outcome of how well one can plan, 
execute and control the tasks and how well one can manage the relationships with all 
the stakeholders involved with the project (Sandhu 2004). So what is project success 
and how do we realize it in a project and an organization? De Wit (1988) 
distinguishes between project success (measured in comparison with the overall 
objectives of the project) and project management success (measured in comparison 
with the widespread and traditional measures of performance against cost, time, and 
quality). The second distinction is also important. It is the difference between success 
criteria (the measures by which success or failure of a project or business will be 
judged) and success factors (those inputs to the management system that lead directly 
or indirectly to the success of the project or business) (Cooke-Davies 2002). Gray 
(2001) differentiates between Organizational Climate and Project Success. 
Organizational climate may be summed-up very succinctly as “what it feels like to 
work here”. A measurement of success that compares specification with outturn is 
likely to be grossly simplistic. Both elements are variables, and criteria such as 
budget, schedule or technical specification are often quite subjectively based. Instead, 
Gray (2001) argues that project success is to be assessed as a broad overview, taking 
account of performance in comparison with budget, schedule and technical 
specification, and stakeholder opinion.  
 
Cooke-Davies (2002) establishes that “real” success factors are derived from both 
“hard” data and “softer” evidence. Even if those factors are not explicitly concerned 
with “human factors”, Cooke-Davies argues that it is becoming accepted wisdom 
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that it is people who deliver projects, not processes and systems. Thus, the “people” 
side of the success factors is woven into their very fabric.  
 
By focusing on the softer or “people” factors involved in project success, there are a 
few yet interesting factors that is argued as influencing project success. This research 
in no way suggests that these factors are exhaustive in terms of achieving project 
success. Instead, the factors are argued as influencing organizational and/or project 
culture and as being important from such a perspective.  
 
Loo (2002) also distinguishes between “technical” and “people” factors when 
summarizing a study of Canadian project managers.  By viewing the “people” factors 
from Loo, it was found that on achieving “best PM practice” four themes emerged: 
high caliber project teams; stakeholder participation; effective communications 
within teams; and customer satisfaction.  Hyväri (2006) found the characteristics of a 
project manager’s influence on project effectiveness to be his/her ability to excel in 
planning/organizing, networking and informing. Gray (2001) found factors such as 
the following: scrutiny and interest by top management, organizational climate (low 
threat), participants having maximum involvement in defining their own targets and 
goals, and participants possibility to feel free to question, challenge, and contribute to 
decisions made by senior management.  
 
Of those mentioned, there are some factors that influence project effectiveness and 
success and also could be argued as influencing or being influenced by 
organizational and/or project culture. For this research, the following success factors 
will form the basis: 

•  Stakeholder participation. 
•  Effective communication within teams and externally. 
•  Organizational climate (i.e. low threat). 
•  Project participant’s involvement in defining their own targets and goals. 
•  Participants possibility to feel free to question, challenge and contribute to 

decisions made by senior management.  

8.4.2 Cultural aspects on project management 

As previously discussed, projects may be considered more or less successful when 
expected cost, time and quality targets are not met, expected objectives are not 
realized, or stakeholders are not satisfied with an aspect of  the process employed or 
outcome. Several factors influence project success. However, one area researchers are 
increasingly becoming aware of is project culture. Due to uncertainty and other 
aspects argued as not being sufficiently covered within the scope of existing project 
management processes, a different view point must be studied in order to increase 
project effectiveness. In a recent literary review Henrie and Sousa-Poza (2005) found 
that there is a lack of leading project management culture literature that provides 
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challenges for the project management researcher and busy project manager. Several 
researchers argue the need to adopt, adapt, and overcome the cultural aspects 
influencing project performance.  
 
Culture must be acknowledged in national culture (Hofstede 2001), and in the project 
management organization (Eriksson et al. 2002 and Biggs and Smith 2003), whether 
in large-scale science projects (Shore and Cross 2003) or when managing projects 
between different countries or continents (Milosevic 2002).  
 
The aspect of culture is wide and dispersed and this paper makes no intention to 
cover all aspects of culture. Rather, it seeks to increase the view that cultural aspects 
are and will become more important to understand in the project environment. The 
reason it is so difficult to link culture directly to project outcomes is because so many 
other factors are involved. What becomes apparent, however, is that culture does 
affect behavior. The extent to which it then influences outcomes is unclear (Shore and 
Cross 2005). Several examples are found in which any striving to improve 
organization and project success finds culture as a key factor needed in 
organizational (Palmer 2002) and project (Szymczak and Walker 2003) performance 
to deliver benefits to the business.  

8.4.3 Project risk management put into a new perspective 

Risk management is a key process within the discipline of project management. Very 
loosely defined, risk management can be said to focus on uncertainty, aiming at 
identifying and reacting to such uncertainty that could have a positive or negative 
effect on project objectives. As previously described, there are open discussions on 
the effectiveness of risk management, its ability to identify all uncertainty that 
matters, its application in industry, and the effect it has on project performance. 
Hillson (2003) argues, with the Project Management Maturity Model (ProMMM) as a 
base, that when measuring project maturity, a number of attributes matter. One of 
these attributes is culture in the sense that organizational culture (how we think). By 
organizational culture, it is meant that which covers the mindset, ethos and belief 
structure of the organization, which in turn drive instinctive assumptions and 
reactions.  
 
Furthermore, Hillson states that a project-based culture drives the organization into 
proactive project management, seeking to gain the full advantages of the changing 
business environment. In another study, Kwak and LaPlace (2005) argue that project 
success will depend on the agreeable level of risk tolerance and support of 
compensation policies, corporate culture, performance reviews, and early risk 
management planning. Clearly, the need to expand the basis on which present risk 
management processes lie is obvious. Seemingly, both internal uncertainty (Barber 
2005) and external uncertainty (Chapman 2006, Kutsch and Hall 2005) or a 
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combination of them (e.g. Ward and Chapman 2003, Gray 2001, Chapman and Ward 
2004) influences project performance. Risk management should be effective against 
this. Ramaprasad and Prakash (2003) argue that it is cultural differences that may 
manifest themselves in the project personnel’s punctuality, deference to authority, 
non-verbal behavior, and the work ethnic. Thus, there exists a need for new cognitive 
and behavioral skills. The practice of risk management should encompass such 
aspects as well. Holt (2004) summarizes that risk management would be better able 
to absorb ideas of rapid change and uncertainty by supplementing its employment of 
technical frameworks (rooted in the probabilistic reasoning of experts) with an 
awareness of how whim, perception, trickery, vision and humility affect the future.  

8.5 Case study 

The aim of this study was to find empirical evidence on how the risk attitude has 
changed within the case company since the start of the research six years ago. 
Furthermore, based on recent theory, the aim was also to find a link between the 
improvements in risk attitude and the effectiveness of a project to achieve its 
objectives.  

8.5.1 Case study methodology  

The purpose of the study was to investigate the organizational effect of the 
introduction of a rigorous process for how to manage risks and opportunities within 
projects. Of special interest was to study how the softer aspects, such as project and 
organizational culture, have been affected by the introduction of the harder, more 
rigorous process of risk and opportunity management. Since the implementation and 
usage of project risk management within the company has been ongoing for more 
than five years it was decided to try to capture the effects from this process upon 
organizational culture by using a questionnaire. The questionnaire was selectively 
sent to top-level project managers who had been part of the whole implementation 
during these years. 
 
In order to increase the validity of the questionnaire, a literature review was 
conducted, collecting relevant literature involving project management effectiveness 
and culture. From the review, factors influencing project management success were 
identified. These factors were then incorporated into the questionnaire in the form of 
nine open ended questions and nine statements to be answered on a five-grade scale. 
The questionnaire included questions on the general background of the respondents, 
as well as their experience and in which way they have been involved in project risk 
management. In addition, the questionnaire included questions concerning how the 
project risk management process was perceived and its effectiveness at the time of 
the first introduction of project risk management (some five and a half years ago), 
today, and the differences between now and then.  Further, the questionnaire was 
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tested before final usage by sending it to the vice president of group project 
management and one of his managers. Their response was used to revise and 
improve the questionnaire. They were also excluded to participate in the survey. 
Finally, the authors also continuously revised the questionnaire. 
 
The respondents were asked to take part in the survey only if they had been actively 
involved in managing a project or a portfolio of projects and were part of the 
introduction of the company project risk management process. The questionnaire 
was selectively sent to 31 possible respondents whom the authors knew had been 
heavily involved in the project risk management implementation at relevant 
positions in the organization. In the end, 15 respondents with experiences from the 
start of the implementation of the project risk management process answered the full 
questionnaire. No respondent had less than four years of experience of using the risk 
management processes introduced. The respondents were all project 
managers/directors or Project Vice Presidents with the overall responsibility of 
managing project portfolios. 
 
The qualitative data was coded into categories, where similar answers were clustered. 
This process was iterative, involving both authors of the case study. The quantitative 
data was summarized into the different answering alternatives. The result from the 
case study is presented in the next chapter. 

8.5.2 Case study results 

The very start of the questionnaire focused on the introduction of project risk 
management in the case study organization that took place 5 years ago. When asking 
about the initial impression of the proposed risk management procedure it was clear 
that a few of the respondents were a bit hesitant. Some of the respondents´ comments 
were “Oh, a new process, and here we go again” or “I was initially skeptical as it led to 
additional administration”. However, most of the respondents were more positive and 
welcomed the approach and the rigorous governance that followed the 
implementation of project risk management. One of the respondent’s comments was 
“The method introduced had a logic structure and it was relatively easily adopted by 
stakeholders”. 
 
The respondents were asked to give their view regarding what kind of impact the 
risk management process had on the manner of handling uncertainties in the early 
days of implementation. It is clear from the answers that, in a few projects, it did not 
have too much impact on project performance at the beginning. One respondent says: 
“In the early days, project risk management was used as more of a cost predicting tool rather 
than focusing on mitigation cost for risks occurring”. However, a few of the respondents 
saw good benefits from using the project risk management methodologies from the 
very start. One comment reads like this “The risk management process provided a formal 
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process needed to capture and report risks and opportunities that otherwise would have been 
missed or resulted in costs being incurred”. 
 
The statements above all reflect upon how the new process/methodology for project 
risk management was received when it was introduced some five years ago. In order 
to capture the effect of the risk management process of today, the respondents were 
asked how often they are involved in the process today, five years after 
implementation. The answers show that eight of the respondents today work in the 
process on a daily or weekly basis, while seven of them participate in or lead risk 
reviews at monthly governance meetings. It is clear that the process of managing risk 
has impacted on the organization today, and that project members are actively 
involved in it. 
 
The respondents were given nine statements to capture whether the risk 
management process has had any effect on project efficiency and softer cultural 
aspects like organizational pro-activeness. In the statements, they were asked to 
reflect upon how things are handled in projects today versus five years ago. The 
results from these statements are given in Table 11. 
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Table 11: The respondents were asked to reflect upon different statements giving their view 
regarding how the use of project risk management has affected project management 
effectiveness or culture. The numbers given in the table reflect the number of respondents 
giving the same statement 

 

Today compared 
to 2001 

Strongly 
agree Agree 

Neither 
better 
nor 
worse Disagree 

Strongly 
disagree 

We now identify uncertainties 
earlier 5 7 2 1  

We have better control of the 
uncertainties in the project 5 6 3 1  

We manage a larger part of the 
uncertainties as opportunities 1 8 2 4  

We avoid margin slippages 
thanks to the introduction of Risk 
& Opportunity Management 

 8 4 3  

We now talk more about risks 
and opportunities in the daily 
project management work 

7 8    

We identify, to a larger extent, 
problems before they occur, and 
thereby we have more time to 
react 

2 11 2   

We are now able to more freely 
speak about risks within the 
project 

3 9 2 1  

Today we have more innovative 
approaches and plans for avoid 
risks 

2 7 3 3  

Today project team members are 
more involved in defining 
mitigation plans for avoiding 
risks 
 

6 
 

5 
 

4 
 

  

 
It is clear from a glance at Table 11 that, for all statements given, a majority of the 
respondents say that they agree, or strongly agree, that the use of project risk 
management has had a positive effect on all the characteristics/parameters put 
forward. This in itself is a very strong indicator that consistent use of project risk 
management has positive effects on both hard and soft project results. 
 
The respondents were asked how they would say that the introduction of project risk 
management has affected the likelihood of seeing opportunities (and not only risks) 
in projects. This is also the only statement in Table 11 in which four of the 
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respondents disagreed. When analyzing the verbal comments behind this it is 
obvious that the identification of opportunities comes with maturity in the project 
team, and an open atmosphere in the project. One of the respondents states it as 
follows “The opportunity part is still weak but not because of processes but more due to weak 
tradition in handling opportunities”. Another respondent who has had more positive 
experience from identifying opportunities states as follows: “Previously there were few 
opportunities. However, now, the first thing assessed is if the risk can be turned into an 
opportunity”. A similar comment came form another respondent “Opportunities are not 
identified purely by the process; it is the mindset that identifies opportunities”. It is the 
author’s experience that such a mindset develops over time when starting to use risk 
management. One respondent suggests having separate workshops focusing on risk 
and separate focusing on opportunities, just to increase the likelihood to get a more 
balanced view on both risks and opportunities. 
 
Whatever is meant by a more proactive project culture, the statements given in Table 
11 summarize, in a sense, these softer aspects forming an organizational or project 
culture. The results from Table 11 show that when using a risk management process 
in an organization, it is possible, over a couple of years, to develop a more proactive 
project culture that indirectly is likely to have a positive effect on project success. A 
discussion is presented below in which the results from this study are linked to the 
previous factors identified to be important, softer factors leading to project success. 

8.6 Research results – part 6 

Based on recent research a summary was given above on softer factors that have 
been found to have a positive impact on project success. These are the factors 
selected in this study: 
 

•  Stakeholder participation. 
•  Effective communication within teams and externally. 
•  Organizational climate (i.e. low threat). 
•  Project participant’s involvement in defining their own targets and goals. 
•  Participants possibility to feel free to question, challenge and contribute to 

decisions made by senior management. 
 
Any process having a positive impact on these softer aspects will then indirectly 
have a positive impact on project success as well. This study focuses the effects of the 
implementation and thorough use of a project risk management process. A 
discussion of the possible impact of project risk management on these factors and, 
thereby, project success follows below. It is based on the respondents’ answers and 
comments. 
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Stakeholder participation: Clearly, a higher grade of transparency has been 
accomplished within each project through the use of the project risk management 
process. The process has made it possible for everyone, even in the line-management 
part of the organization to see and understand what is going on in the project. The 
content of the risk and opportunity database is reviewed on a monthly basis. Which 
risks or opportunities even external stakeholders, such as suppliers or customers, 
need to become involved in is thereby identified. 
 
Effective communication within teams and externally: As indicated in Table 11 it is 
clear that because of the use of project risk management project team members talk 
more about uncertainties and how to tackle them. The database used to log every risk 
or opportunity is open for the whole team, including line-functions supporting the 
project. Hence, the communication regarding the uncertainties existing within the 
project has been vastly facilitated. 
 
Organizational climate (i.e. low threat) and the reduction of threat: The main 
purpose of a risk management process is to reduce threat towards the project 
deliverables. When such a process is introduced, clear allocation of responsibility is 
given to different project team members and other stakeholders. This can have a 
positive effect on reducing threat since all participants can feel that a structured 
approach is given for how to manage uncertainty. The monthly reviews of all risk 
and opportunities with high-level managers allow the project team to also feel that 
they have been fully transparent. As a result, they may feel that there is no threat 
from top-level managers not knowing what is ongoing in the project. 
 
Project participant’s involvement in defining their own targets and goals: When 
using the project risk management process all risks and opportunities are clearly 
allocated to the most suitable project team-member or suitable stakeholder. Each 
project team-member has thereby been given a clear task to deal with the uncertainty. 
However, at the same time the responsibility is given with very free boundaries as 
far as how to tackle the uncertainty. As such, the team-member can heavily influence 
their targets and goals. 
 
Participant’s possibility to feel free to question, challenge, and contribute to 
decisions made by senior management: As described above, when using the designed 
project risk management process there are monthly reviews with high-level 
managers in which the project team-members have the opportunity to question any 
decisions they do not understand. At the same time, the process in itself contains so 
called risk and opportunity workshops. In the workshops, each project-team member 
is asked to provide input as to what uncertainties, apart from those already tackled, 
are affecting or may affect the project. 
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Based on the reasoning above, it is evident that the use of a project risk management 
process will over time develop an atmosphere containing more openness. The 
atmosphere in turn will indirectly affect those softer parameters identified in 
previous research as being vital for project success. 

8.7 Summary 

The aim of this part was to study if soft, more culturally related effects may be 
generated through the introduction and use of a rigorous risk management process. 
It was also to try to link these parameters to project success. The results from the 
questionnaire show, without any reasonable doubt that by using a project risk 
management process, it is possible over time to not only affect the assurance of hard 
project deliverables, but also to develop a more open, preventive-minded culture 
within the project and its surrounding organization. In the case study presented, the 
new process for project risk management had been employed and refined for well 
over five years. It is probably not until after a few years have passed that one may 
talk about having impact on organizational or project culture. Finally, it has also been 
presented that this proactive culture developed has a positive impact on many softer 
aspects identified in previous research as being vital for project success. 
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Section III 
Concluding the Research Journey 

 
 

This section presents discussions and conclusions on the research journey traveled. 
The research questions are discussed along with the research project objectives. 
Conclusions and criticism addressing the quality of the research are made, and 
future research is suggested. The thesis literature references conclude this section. 
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9. Discussion and Conclusions 
 

 
 
The research journey concludes with a critical review of progress made towards the 
research questions, objectives, and aims. It also serves to highlight reflections on this 
research and suggest ideas for its continuation.   
 
This chapter starts by presenting the scientific contributions of this research. A 
discussion of how this thesis has addressed the research questions, objectives, and 
aim posed in the introduction is then presented. Based on the discussion, the reader 
may critically review progress made towards answering these questions and 
fulfilling these goals.  

9.1 Scientific contribution 

Researchers such as Hillson (2002, 2003, 2004, 2005), Chapman and Ward (1995, 1997, 
2000, 2003), Williams (1995, 1999) active in project risk management methodology, 
processes and tools, influenced this research. These researchers all studied the single-
project perspective. Many researchers have studied multi-project management. 
Sandhu (2004) and Lycett et al. (2004) have been the main influence on the author. 
They describe how changed requirements in a project portfolio would affect the 
management of uncertainty. Hillson (2004) and Ward and Chapman (2003) explicitly 
studied the management of opportunity. The interesting result from Holt (2004) was 
used to gain insight into how the management of opportunity could be improved.  
 
The main contribution of this research is that a developed risk management process 
has been verified through implementation and use within a multinational company. 
Furthermore, the research has suggested an approach to managing portfolio risk, as 
well as a metric for measuring risk management effectiveness. The research has also 
identified a number of project and organizational aspects important to consider in 
the management of opportunities. The research has added knowledge to the research 
paradigm through: 
 

•  further development of aspects of existing risk management processes for the 
single-project perspective, 
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•  introduction of a methodology for managing portfolio risk, where other 
aspects are considered compared to the single-project perspective, 

•  introduction of a metric for measuring the effectiveness of risk management 
performance, and 

•  contributed to new insight in the management of opportunities. 
 
These points above constitute the brief answers to the research questions. The next 
section presents how they have been dealt with during this research. 

9.1.1 Research questions posed in Part 1 of the research journey 

Q1:   How is risk management perceived in a global context, and how does it relate 
to the handling of risk and opportunities from a project perspective? 

 
The research presented in this thesis shows that interest in risk management has 
increased rapidly since 1995. In the same period, the conception of risk management 
has spread to become a vast and widely distributed concept of handling adverse or 
negative events. Although there are several different groups of risk management 
conceptions, this thesis focuses on the area of industrial uncertainty and uncertainty 
management. One of the areas of core interest amongst researchers is project risk 
management. Hence, a natural focus and development of methodologies and 
theories is derived. However, research focusing on the interaction between project 
and functional organization and corporate management is rare. Thus, the focus has 
been on a single project perspective and mostly on the execution phases of the project. 
Furthermore, the main focus has been on risk, excluding the positive outcome of 
uncertainty (namely opportunity). This conclusively answers the research question 
Q1. 
 
Q2:  How does the project risk and opportunity management process (PROM) help 

the handling of risks and opportunities in the organizational setting?  
 
Based on existing theories and the industrial situation of a large complex product 
development organization, an overall model PROM (Project Risk and Opportunity 
Management) is developed for handling risks and opportunities within a single 
project environment. The model shows the advantages of having a structured, 
instead of a sporadic and ad-hoc, methodology for handling both risks and 
opportunities. This model follows a simple three-step methodology of identifying, 
analyzing, and mitigating risks and realizing opportunities. The model increases the 
understanding of the importance of handling risks and opportunities within a 
product development project. Further, it provides a means for storing data on 
identified risks and opportunities, analysis results, and the progress of mitigation 
activities. It also serves as a means for storing experiences. This answers part of the 
research question Q2 - how the PROM process helps the handling of uncertainties in 
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a single project perspective. The research shows that since product development 
processes are modeled differently in different environments, a model for handling 
uncertainties should: 

1)  Be generic, making utilization of different product development processes 
feasible, and 

 
2)   have the characteristics in order to be easily integrated in a convergent 

product development process, so as to avoid becoming a parallel approach to 
the core business of developing products.  

 
Project-oriented organizations usually have a variety of on-going projects at the same 
time. Therefore uncertainties present in one project may well have its equivalence in 
other projects. Especially two major implications will reveal the weakness of a single 
project perspective when handling uncertainties. The first implication is the different 
factors, or carriers, from which uncertainty derives. Those carriers, which follow the 
findings of Hartmann (1998), are usually a combination of technological, 
manufacturing and business factors. Their origin often lies outside of the 
responsibility of the project. Therefore an interaction between the project and the line 
organizations - which, in itself, is a carrier of uncertainty - is inevitable. The second 
implication is that there are often common denominators between projects which 
themselves can help reduce or eliminate uncertainty. Such denominators can be 
found in, for example, experienced problems/solutions in design, production 
equipment, and different characteristics of customers. These are denominators that 
cannot be identified with a single project perspective. The remaining part of research 
question Q2 could then be considered answered. 
 
Q3:  What are the benefits and implications of implementing a parallel process for 

handling uncertainties in a single project perspective? 
 
The research in this thesis has shown that having a project view of uncertainties is 
not sufficient when handling them in a large complex project organization. Instead, a 
wider perspective must be adopted. This can be described in two dimensions where 
an extension of existing theories is necessary, both horizontally and vertically, within 
the organization. Firstly, risk management should include at least all the stages 
within the product development process. This means that risk management should 
start early, perhaps even before the start-up of a product development project. In 
such a case, the initial outcome could be used as a base for the project prerequisites - 
from a product, project and business perspective. Secondly, a vertical extension is 
appropriate, meaning the interaction between projects and between project and line 
organization would be included. Since a project is usually initiated, financed, and 
manned internally within the line organization, this perspective needs to be included 
when handling uncertainties. 
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As argued, the scope of a single project perspective seems insufficient, and a more 
holistic and business perspective should prevail. Therefore, such a model is 
considered insufficient due to the focus on a single project. Artto et al. (2000) has 
found that risk management discussions in project contexts have mostly focused on 
managing risks in single projects. Managing projects in a multi-project environment 
automatically refers to the management of project portfolios, not just the 
management of single projects separately. In project oriented organizations, therefore, 
risk management must be considered an organizational issue and not an isolated 
project responsibility.  This, together with research questions Q1 and Q2, answers 
research question Q3. 
 
This part of the thesis has examined the wide and vast scope of risk management and 
narrowed it down to the conceptually common area of industrial risks. A model for 
handling risks and opportunities from a single project perspective has been 
developed and validated, and the benefits and implications of viewing uncertainty 
management from a single project perspective have been explored.  

9.1.2 Research questions posed in Part 2 of the research journey 

Q4: How can improving the handling of uncertainties in large international 
project organizations increase the effectiveness of project management? 

 
In the development of ROMP, several previous findings were incorporated in order 
to improve the handling of uncertainties in projects. The ROMP was integrated as an 
integral part of project management instead of being modeled in parallel to the main 
processes as before. Since the aim of the company was to become a project-based 
company, all aspects of project management became highly important. The project 
management processes (e.g. project planning, project scope management, and project 
time management) were in focus, and risk management was, and still is, considered a 
core competency in the company. 
 
Although efficiency is not the same as effectiveness, a measure of performance is 
needed to be able to know the risk and opportunity status of a project. Project 
managers live in a controlled world of chaos, constantly revaluing plans and 
situations due to the complex and unique nature of projects. A project risk 
organization was formed to reduce the administrative burden for the project 
manager. The accountability for the result of the project lies with the project manager. 
Project risk management is also the responsibility of the project manager. However, 
as risks and opportunities are identified and classified in terms of origin, risk and 
opportunity coordinators are assigned. Furthermore, for each coordinator, from, say, 
engineering or procurement, a risk or opportunity owner is assigned with the 
accountability for the response and ultimately the closing of the risk or realization of 
the opportunity. This way the project manager is responsible for project risk 
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management. His/her role, other than for project management risk or opportunity, 
would be overall coordination and the tracking and reporting of progress. 
 
Another affecting aspect for project risk management effectiveness is the 
organizational risk attitude and risk maturity. Risk adverse organizations tend to feel 
uncomfortable in the presence of uncertainty. By contrast, risk mature organizations 
feel reasonably comfortable with most uncertainty, accepting that it exists as a 
normal feature in the business. The research project has contributed to the risk 
attitude implicitly through training, motivation, support, and continuous discussions 
and improvements. The discipline of risk management has been conveyed in 
functional departments and in projects, for managers and project managers and also 
for senior management by frequently reporting RMMI or other risk management 
progress to the president and his team of top managers.   

9.1.3 Research question posed in Parts 3 and 4 of the research journey 

Q5:   How can a project risk management process be developed to fit the 
need of managing risks and opportunity from a project portfolio 
perspective? 

 
There are other requirements put on the project portfolio that are not placed on the 
single project. Aiming to become a project-based company, new challenges arise. 
Managing a portfolio requires necessary reporting procedures and tools to gain an 
overview of the performance of the portfolio in order to understand, evaluate, and 
decide on the path that will increase performance. Equally important is the overview 
of risk and opportunity exposure and the performance of the projects within the 
portfolio, as they are part of project management. Risks are analyzed in such a way 
that it will reveal portfolio common risks and trends. This supports the portfolio 
overview and provides portfolio heads to take appropriate actions based on the 
result. Also, the coordination of response actions is enhanced since some projects, 
differentiated by country or location, could respond individually to the same risk or 
opportunity. The response could instead be coordinated or, for an example, a six-
sigma improvement project could be initiated based on the result and decision by 
senior management. Figure 38 illustrates how portfolio heads and senior 
management attain portfolio common risks and trends.  
 
Functional departments are involved to a higher degree in the risk management 
process. Results from the portfolio risk analysis on common risks and trends would 
be presented at senior management meetings where functional managers attend. 
There, the functional responsibility in responding to the result could be decided to 
involve the actual functional department or the project core team member(s) for that 
function. This is also illustrated in Figure 38.  
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Figure 38: The response to portfolio risk analysis on trends and commonalities could be 
performed by 1) the functional project team member, 2) the functional department, or 3) the 

initiation of an improvement project 
 
As project portfolios are the means to achieve strategic objectives, the portfolio head 
must be able to decide on resources used to gain its objectives. The decision on the 
investment in risk management must be based on its effectiveness and presumable 
effect. By measuring the risk management effectiveness in a project or portfolio, the 
portfolio head can direct resources to the project needed, based on the risks and 
opportunities faced and the project’s ability to respond (i.e. effectiveness). 

9.1.4 Research questions posed in Part 5 and 6 of the research journey 

Q6:  How can the management of the positive outcome of uncertainties 
(i.e. opportunities) be improved? 

 
Managing opportunity is not easy! Opportunity comes in many disguises, and the 
identification has not taken place concurrently with that of risk. Human beings 
intuitively think in terms of risk, that is, the negative effect of an uncertain situation 
or event. As the human being influences the effectiveness of risk management mainly, 
the focus on improving opportunity management starts there. To assist, risk 
management processes have been extensively developed, received great attention 
from practitioners and researchers. However, despite all the efforts, risk management 
does not deliver to expectations. By adopting the view that different types of 
problems and, thereby, uncertainties, exist, additional insight into opportunity 
management arises.  
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Results of this research indicate that different prerequisites exist in the ability to 
manage opportunity within the bid/tender phase, during the realization of the 
project, and for the output of the project (i.e. product). Risk management processes 
are designed to manage analytical and logical uncertainty, and those are mostly 
found during bid/tender phase and in the product. Here, the management of 
opportunity is considered satisfactory. However, there are elements of high dynamic 
complexity present, especially where customer interaction is involved.  
 
Project realization, the surrounding environment viewed as a system, the 
organization, and other influential factors offer a highly dynamic and behavioral 
complexity. Here, the risk management process will not assist in managing 
opportunity. It is not designed for that. Instead, other factors influence the success of 
managing opportunity. Since the human being is the most influential factor in 
improving opportunity management, any attempt to improve the management of 
opportunity should be derived that realization. Communication is the major factor in 
improving opportunity management both from within the system and from its 
surrounding environment (the customer and other interested entities). Internally, 
within the system, the project manager is the common denominator. The project 
manager must personally ensure his/her holistic view of both project objectives 
while at the same time understanding the customer perception of the project and the 
project objectives. The ability to adopt a different view than the traditional one of 
focusing on time, cost, and quality is imperative to the management of opportunities.  
 
The objectives of this research have been achieved by the development of a 
methodology and process for managing risk and opportunity in a single project a 
project portfolio. The development of an effectiveness metric that would measure 
financial and operational effects of an effective management of uncertainties and the 
improvement of opportunity management have contributed to achieving the 
research objectives as well. The empirical data used for the development of the 
methodology and processes is derived from a longitudinal action research approach 
and case studies. 

9.2 Concluding the research journey 

This exiting research journey all started in an organization where we had severe 
problems. The problems were in terms of projects constantly being in focus due to 
non-performance. More clearly, it seemed as though we would have to face the same 
problems over and over again, not being able to learn from previous mistakes. 
Projects did react, but unfortunately they did so much too late. Although several 
projects before had experienced the same problems, with a significant impact on 
project objectives such as time, quality and ultimately cost, learning from earlier 
mistakes was disturbingly low. The organization at that time could be described as 



154 

very traditional and with a mentality of “this is how we have done it in the past and 
this is the way will continue to do”. However, a few sharp-minded senior managers 
realized a change to the better was needed, realizing the challenge as to how the 
mentality could positively be changed. By starting the research project, the intentions 
were that projects would be able to be more proactive and thus be able to foresee 
uncertainties and to properly react to them.  
 
This research has developed and implemented four methods/methodologies for 
managing risk and opportunity. Two were a direct development of the risk 
management process itself. The first method was implemented in several projects but 
due to organizational changes, it was not fully implemented. ROMP became the way 
that project uncertainty is managed today. The development was based on the 
benefits and implications found in the earlier stages of the research project. 
Furthermore, a methodology for managing portfolio risk was developed almost 
concurrently with a metric to measure risk management effectiveness. These two 
were evaluated in a pilot study. Within the division of study, the decision was made 
not to implement them further. However, other divisions use or are evaluating the 
methodology developed.  
 
PROM method and methodology was implemented and training sessions were 
conducted and continuously supported by the author. Implementing ROMP, the 
author was part of the global risk management team who developed, implemented, 
conducted training and provided support to bid and realization projects. For the 
division of study, the author had responsibility for the above activities in the role of 
divisional risk and opportunity manager. ROMP is used worldwide in all realization 
projects as well as for all bid projects.  
 
The relationship between risk and opportunity sides with risk. The human being 
perceives risk as something negative that should be minimized or avoided. 
Opportunity on the other hand, is equally important yet it seems more difficult to 
manage. The research steered towards the improvement of opportunity management. 
This resulted in new insight into the applicability of the risk management process 
itself, as well as other factors that influence opportunity management. 
 
Finally, the research journey ends with its own validation (see part six). What better 
way to assess the effectiveness of the research journey than to measure its result? 
Risk management effectiveness has significantly increased in projects since the days 
of taking the first staggering steps to knowledge some six years ago. The risk attitude 
of the organization has significantly evolved, from being risk averse to becoming a 
risk mature organization. The organization now sees uncertainty as part of the way 
business is done, and realizes that is it possible to influence its outcome to positively 
affect project objectives. The overarching result is actually a cultural change within 
the organization as it today has a more preventive-minded approach. 
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Finally, uncertainty is everywhere! In many of the PhD theses I have examined, 
uncertainty is mentioned. If affects or influences the very result of the thesis itself. 
This is a strong message, for academia as well as for the practitioner: make friends 
with uncertainty. Do not fear it, since there are two sides of uncertainty. By being 
proactive, insightful, and by having a holistic view, uncertainty can be good, and the 
outcome may be positive.  

9.3 Critics on conducted research 

The major criticism regarding this research might be the focus on a specific company 
and its manner of managing uncertainty. This research has been conducted at one 
company, except for the last case study. This means the results have not been 
strengthen by studies from other companies, and, consequently it has affected the 
nature of the research results. This makes it somewhat difficult to generalize the 
findings outside these specific settings (i.e. the systems studied). Knowledge 
developed by the systems approach does not become general in the same absolute 
meaning as in the analytical approach. Rather, such developed knowledge becomes 
related to one or several types of systems or specific phenomena. 
 
Adopting a systems approach, achieving case study validity and reliability is a non 
trivial task. These terms stem from natural science, and are traditionally used for 
measuring the quality of the conducted research. In this research, adopting a systems 
approach means adopting a holistic view of a complex system. There, factors interact 
and are subject to constant change. The objective reality in business situations 
changes frequently and, thus, reliability in a dynamic system would be difficult to 
achieve. Validity of the results in this research would be related to the contexts in this 
research and similar systems and contexts.  
 
Thus, the methodologies and processes developed here will not be claimed to be the 
only way to reach the desired goals. The presented methodologies, processes and the 
proposed way to measure effectiveness can most certainly be improved, 
complemented, and adjusted. Still, it is believed that the results provide a solid 
platform for the further development on how to manage uncertainty in projects, 
project portfolios, and within the project organization.  

9.4 Suggestions on future research 

Since this research is based on the results from one company, it would be beneficial 
to try the results in other industries and other corporate settings. As any developed 
process consists to different degrees of a framework of activities, procedures, roles 
and responsibilities and objectives, it is suggested that the result from this research 
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would be applicable in some industries. Especially interesting would be in industries 
and companies that resemble the prerequisites in the case company. There, 
complexity, the internationality of projects, and the few products per project are 
factors. Such projects could include the building of an oil platform or a large 
generator station or other projects within the shipping or space industry.  
 
Increased interest in opportunity is emphatically suggested. Why is it so difficult, 
from the uncertain environment in which we live and work, to identify and react to 
the positive side of uncertainty? Why do we have to see things negatively most of 
our time? Where is the driving force for seeing the potential benefits of the positive 
outcome of uncertainty? Is it really the case that we need to understand that no 
project risk management process used provides us with the tools needed to 
understand opportunity? Is there anything else that matters when managing 
opportunity? We must be able to understand the influencing factors affecting 
opportunity. Based on this research, it seems as if the process itself cannot deliver the 
expected results; rather, something else drives opportunities management.  
 
Why should not the management of uncertainty be the important drivers for projects 
as well for the organization in seeking to deliver the expected results? Risk 
management is not isolated to projects. Although projects might be the preferred 
way to manage uncertainty, the uncontrollable effects on corporate uncertainty affect 
the project in ways the project cannot control, less manage.  
 
Since project organizations usually have more than one project at the same time and 
they try to cluster projects into portfolios, a way to manage portfolio uncertainty 
must be developed. This research has taken the first steps into the management of 
portfolio risk management. However, further research into portfolio risk 
management is needed. 
 
Finally, culture affects project outcome. In this research, cultural aspects have 
initially been touched upon when studying how the implementation and the 
continuous focus on project risk management and its cultural affects project success. 
However, as there is limited research on the consequences of culture on projects and 
project portfolios, this area would benefit from further research as well. 
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